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I^BODUCnON 

fo TBB iSTIOLES BELATIKO OBaANIO OHEMISIBT. 

• 

Ik tke present* the nomenolai^e is tne stme m that adopted in^the first 

>volame. It has been e^a^ed in the Introduction to that volume, pp. viii-xivr Thus, 
lio take a siqgle instance, the products of condensation between hydrazines and ketonio 
compounds are still calj^d hydrazides, although ^Emil Fischer has, since the publication 
of the last volume, changed their name to hydraaonea. • Even supposifig the latter 
name to be preferable, its abrupt introduction would greatly confiise^the nomenclature 
i)y depriving it of uniformly. 

• Spce the publication of the first volume I have been assisted in the work of reading 
and making abstracts of original mem^s by Drs. T. A. Lawson and Samuel Bideal, 
Messrs. J. WiJ|jie,^J. T. Noanan, V. H. Veley, G. N. Huntly, S. H. Collins, Dr. G. McGowan, 
a'SfWfcJ). A. Louis. I have also been ^ly assisted by Mr. Arthur G. Green in th^work 
of revising tfie proof sheets. I have great pleasure in thanking thedfi gentlemen for 
the energetic and efficient manner in which^they have carried out their share of 
the work. 

H. Fobsteb Morlbt. 


Homenolatare of Bing Formula. 

Hydrocarbons, 


Ind^Hhsns. 

, CH, 

/ \ Trimethylsns, 
OHj-CH, 

U TePramthylsns, 
PtntamtlhyUnt, 


OH-OH 

I I Tetram^hmyl 
CH-OH 


Nifrogm ring compownM. 


CH-fiH,. 

^NH PynoU or Pj 


^ I . Pyratoli 

Jni=ok^ 

Cfii-NHv 

CH OlyoxaUn 


PyrimmM. 

> PynuiM. 



N:OH, 


lumODUCTION. 

^itrogen ring comjpounds—co^i. 


►NH or I Tiiazole. 


u> 

CHf=Ny 

tH-»> 


HNlOH;s 

I ^ 

N:CH^ 


iNH Osotriazole^ 


N= Ny 

L >NH TctrazoU 
lf=CH/ 

IndoU. 

CHy ' . 

H Indazine. 


c.H.<| >y: 


pTT 

^eitdodndazifie. 

J • 

I yCJl^ Acridine. 

I PJieigazijte. 

I NaplSiazine. 


'TrifioKn*. 

t 

N<^“cg>CH O§tetraz 0 lt. 
,f ^CH=CH I 

^ * Qui7l0XbTfiO¥ 

\n^ ch 

• * CH-CH • 

CgH,^ I IsoqumoUn $0 
' , \CH=N 




CbH,< 


,N=cn 


N=CH 

,CH=N 


Quinf^ine, 


\ 


N 


I# **Quinazolii^ 


C.H,< 


,^H=cn 


‘N 


CinnMine^ 


^0 Furfur ane. 


CH=CH, 

4h=ch^ 

Coumarom. 


Oxygen ring compoinids. 

♦ 0 - CHv 

' Oxazoh. 


I 

CH=CH/ 

« tt /NIl\« „ f Phenazoxine or Di-phmyh 
0 1 oxazine. 


Carbizine. 


Sidjdiur ring compounds. 


CH=CHy 

I Thiophene, 

CH=CH/ 

(ftf-esh. , 

I • >S 

C = C ^ Thiophthene. 
I *>8 
CH=CH/ 


I S - CH. ^ 

I *^51 Thiazdk. 

CH-CIK • 

y„ r Di-phenyl-thiazvlfk [tlviodi^ 

I I phenytamine or Imido-di- 

I [ phenyl sulphide). 

^ prr / Methenyl-amido-phcny]gpie\ 

caftan. 


In many of the above fornmlte the exact |tructure is not known ; alternative way» 
of writing some of them wiil be foun(\ in x ol. i. p. xii 
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FRANK WIGGLESWORTH CLAftKE, Esq., B.Sc., Chilf Chemist, United State* 
Oeological Survey. Contributes Elements. 

Misf^^^A FREUND, Lecture/^ in Chemistry,' NewMiam College, Cambridge. Con- 
trib^Aig Densities, relative. » 

n 
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W. D. H. W. D. .HALLIBURTON, IVftD., B.Sc., Assistant Professor*of Physiology at University 
C allege, Jbondon. Contributes Hemoglobin. 

niiR. J. . FRANCIS R. JAPP, M.A,, ff*li.D., F.R.S., Assistant Professoi^of Chemistry at the 
• 'Normal School of Science, Soutji Kensington. Contributes Glyozalines, Hydra- 
7.INF.8, and Hydrazones. 
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F.w. c.r 

I. F.. . 

A. G. Q.a 

D. H. . 


C.O’S. . 
J. J. T. . 

JUTS'. % . 

# « 

T. E. f . . 

V.H.V, 
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J. J. THOMSON,. M. A., F.R.S., Professor^ of Experimental Physics in the University 
r of CaiHhridge. Contributes Equilibrium, chemical. 
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ABBEEVIAjriONS 


I. JOUBNALB AND BoOKS. 

Whtn an author has bean mentioned in an article^ he is usually referred to thereafter 
• ^ ‘ in that article by his initial only. 

A. . . Liebig’s Annalen der Chemie. 

A- A.. . “^iitiales de la Sociedad C;sntifica Argentina. 

A. Ch. . Anifeiles de Ghiuiie et de Physique. » 

P.Am.A. Proceediri|[8 of the American Academy of Arts and Science®, 

Am.o, . American Chemical Journal. 

Ann. M. . Annales des Mines. 

Am. S. . American Journal of Science. 

A. C. J. . Journal of the American Chen 1 Society. ' 

Am. Ch. Americ^ Chemist. 

Am. J. Americ^ Journal of Pharmacy. 

Phami. 

An. . . The Analyst. 

A. Ph. S. Proceedings of the American Pliilosophical Society. 

Ar. J 7 . i Archives neerlandaises— The Hague. 

* Acad. . M6moire8 de l’Acad6mift des Sciences. 

Ar.^h. . Archiv der Pharmacie. ' 

Ar. Sc, . Archives des Sciences pliys. et nat. 

B. ... Berichte der deutschen chemischen Gesellschaft. 

B. A. . Reports of the British Association. 

Bl. . . Bulletin de la Soci^te chimique de Paris. 

B. B. .® Berliner Akademie-Berichte. 

B. V. . Biedermann’s Centralblatt fiir Agricultur-Cliemii. 

B. J. . . Berzqlius’ Jahresberichte. 

B. M. . Berliner Monatsberichte. 

C. S.Mem. Memoisiji of the Chemical Society of London. 

C. J. . Journal «of th» Chemical Society of London. 

•C.J.Proc. Hioceedings of the Chemical Society of London. 

C. N. , Chemical News. 

Cf. R. . Comptes-renduB hebdomadaires des Stances de rAcad6mi0 des lienees— 
Paris. 

C. C., . Ohemisches Central-Blatt. 

D. P. J. Dingier’ B polyteohnisohes Journa'il 

!Fr. , •, F^^senius’ Zeitsohrift fiir analytische Chemie. 

(?. . . • Gazzetta ohimica italiana. ^ 

0. A,. . Gilbert’s Annalen der Physik und Ch'emie. 

H. .* . Hoppe-Seyleids Zeitsclu'jft fur physiologische Chemie. 

1. , , , Proceedings of the Royal Irish Academy. 

• Jahresbericht uher die Fortschrittq^der Chemie und verwaudter Theile 
♦ apii^rer Wissensohaften. 

^C. r. . Jahresbericht fiir Qhemische Teohnologie. 

K Jf. , JalR-bush fiir Mineralogie. ® 

^ de Ph, Journal de Physique et des Sciences aocessoires. 

J. PhT , Joui®;ial de Pharmacie et de Chimle. 

0 Journal fiir praktische CheiSkie. 

/. tA. . •^hresbeiiioht iiber Thierohemie. 

J.R. . . ^aJournal of the Russian Chemical S^iety. 

^Z.. / Jenaiaftie Zdltsohrift fdr Medioin und HaturwisBensebaft. 

Ia V, • Landwirthsohaftliohe Versuohs-Stati^en. 

jL* . , Mdlatshefte ffl/ Chemie unttverwai^ate Theile anderer Wissonachaften. 

Sr. S. . Le Moniteur Soientifique. 

S» M^oires de la Sooi 4 t 4 d*Aroa«il. 

If llfLooires ooqronnis par PAcHtdWe de 



X 


ABBREflTATIONa 


N. . . 1 
N,Ed.PJ. 
N. J. P. 

N. B. P, 

N. J. T . . 
P.M. . 
P.. . . 
P.B.. . 
Pf, •• . 

Pr. E. . 
Ph. . . 
Ph.C. . 
Pr. . . 
P. B. L . 

P. Z. . 
B.T.C.. 
B.P.^. 

Q, J.S.. 
6 '.. . . 
Seher. J. 
8. C. I, . 
SitzJV. . 
T. or Tr. 
T.E.. . 
W. . . 
W.J. . 

. . 
Z. B. . 
Z.f. d. g. 
Nainr- 

W^6S. . 

Z.K.. . 
Z. P. C, 
Bn, . t 
E. P. , 

O. P. . 

Om. , , 
Gtn.'K. . 
Oerh. . 
K,. . , 
3. 0. , 

Stas. 

Bech. 
Stas. 
Nouv. P.| 
Th, . 


Nfttwe. 

New Edinbnrgh Philosophical JournaL 
Neuer Jahresbericht der Pharmaoie. 

Neues Repertorium fiir die Pharmaoie. 

Neues Journal von Trommsdorff. 

Philosophical Magazine. 

Poggendorff ’s Annalen der €JJiysik und Of emfe. ^ 

Beiblatter zu den Annalen der Physik und ChepRo^ 

Pfliiger’s Archiv fiir Phy||'Jpgip. 

' Proceedings of the RoyaFrfocict'^ of Edinburgh. ^ 

.Pharmaceutical Journal wd Transactions. 

Pharmacentisches CentraUBlatt. 

Proceediijgs of the Royal Society. 

Procoedinggyof the Royal Institution of Great Britain. 

Pharmapeutische Zeitschrift fiir Russland. 

Reoueil aes travaux chimiques ales Pays-Bas. 

Repertorium fur die Pharmacie. 

Quarterly,||lijtoal of Science. 

SchweiggOTfe^urnal der PJiysik. 

Scherer's Journal der Rheniie. 

Journal of the Society of Chemical Industry. 

Sitzungsberichte dor K. Akado^ie zu Wien. 

Transactions of the Royal Society. 

Transactions of the Royal Society of Edinburgh. 

Wiedemann’s Aniftlen der Physik und Chemie. 

Wagner’s Jahresbericht. 

Zeitscnrift fiir Ch^piie. 

Zeitschrift fiir Biologie. 

Zeitschri^t fiir die gesammten Naturwissenschaften. 

Zeitschrift fiir Krystallographie und Mineralogie. 

Zeitgchrift fiir physikalischo Chemie. 

Handbuch der organischen Chemie: von F, Beilstein, 2te Auflaga. 

English Patent. 

German Patent. 

Gmelin’s Handbook of Chemistry — English Edition. 

Gmelin-Kraut : Handbuch der anorganischen Chemie. 

Trait6 de Chimie organique: par Charles Gcrhaidt. 

Lehrbuch der organischen Chemie : von Aug. Kekul6. 

Graham-Otto : Lehrbuch der anorganischen Chemie [5th*Ed.7 
Stas’ Beoherches, Ac. 'j , , 

Aronstein’s translaGon is ro» 

Stas’ Nouvellea Recherches, Ac. J ferred to as Chem. Fr<mort, 

Thomsen’s Thermochemische Untersuchungen, 


Aq. . . 



B' B" etc. 


oono. . . 
dil. . . 
g. . . . 
mgm. . 
mm. . . 
mol. . . 
oil. . . 
pp. , . 

toppt. . 
PPg- • . 
KKl . . 


II. Terms ard Quantities, Ac., frequently used. 

Water ; e.g. NaOHAq means an aqueous solution of caustic soda. . 

18 parts by weight of water. • * 

Residues of mono-, di-, and tri-basic acids. Thus, in describing the salts 
of a monobasic aoid€.IaA', CaA'j, AlA', &ayho written, HA' sending 
fw the acid. For a dibasic acid wo should write NaM.*^, CaA", AljA", ^ 
Stand for bases of the ammoiya type, in delcribing their s<»Jt8. Thus th( 
hyd%chloride would be B'HCl or B"2Hpi, according as the basedi 
monadd or diaoid, Ac. * * ' ‘ 

Conoentlfildm 
Dilute, 
gram, 
milligram. 
millimeti% 
molecule. 

liquiiii nearly, or quite, insoluble In water. 

precipitate. 

to precipitate. 

precipitating. 

precipitated. 



luA, , . 
* 

y, e. poV . 
r r. Boi . 
m. sol. . 
cff. sol. . 
V. si. sol. 

V* . . ? 

cf. . •. . 

‘ j 

At.^. . 

Mol.w. or 


\ 0 


D.. 
oor. . 
uncor. 
i.V., . 
V.D. . 
S.G. . 
S.G. < 
S.G. 
S.G.lA 

S.H, . 
S.H.V. 
S.H. p. 
H.C. . 




H.O. p.' 
H,F. 


H.F. v/i. 
H.V. . j 


T.C. . 
S.V.«, 


S.V^. . 

B.O. . . 
O.B. (10® 
to 20°) 

S.. . . 
S. (aloo* 


: • 


ABBUEVUTlUiNltf Mi 

« 

Boittble in. 
insoluble in: 
very easily 
\ery 

Moderately soluble in. 

Rightly 
vry slightly 
see. . 
oompyre. 
about. •• 
a melting-point, 
a l^iling-point.^ 

Hardness (of minerals). 

Atomic wulgiit. 

Molecular weight. 

Density. • 
corrected, 
uncorrected. 

vapour^nsity, Le. density of a gas eompai4d ^^ith hyd^^ra or air 
Specific gravity compared with water. * *• 

„ „ at 10 ^ compared M^th water at 0®. 

„ „ „ 15® M „ „ „ 

„ * „ t, 12® ; compared #ith water of which the tempefature is 

not given. * 

Specific hey. 

II II *0^4^ constant volume. 

•I II II II II pressure. 

Quantity of heat, in gram-units, produced during tha complete com- 
Ifiistion of the mass of a solid or liquid body represented by its 
j formula, taken in grams. 

Heat of con;ibustiou in gram-units of a gram-moleoule of an element of 
compound, when gased^s, under constant volume. # . 

The same, under constant pressure. 

Quantity of heat, in gram-units, mroduced during the formation of the 
mass of a solid or liquid bod^y represented by its formula, taken in 
grams, from the masses of its constituent elements expressed by 
• their formulas, taken in grams. 

Heat of formation of a gram-molecule of a gaseous compound from t)i« 
gram-molecules of its elements under constant volume. 

The samS, under constant pressure. 

HeaVof vanorisatiOn of a liquid, i.e. gram-units of heat required to change 
0 a grai^molfoule of the liquid compound at B. P. into gas at same 
^mperature and pressure. 

Thermal conductivity (unit to be stated). 

Specific volume ; or the molecular weight of a gaseous compound divided 
by the S.G. of the liquid compound at its boiling-pqjnt compared with 
water at 4°. * • 

Specific volume of a solid ; or thecas s of the solid expressed by its 

• fd^ula, taken in grams, divided by its S.G. * 

Electrical conductivity (the unit is stated in each case). 

CoefiSoient of expansion (betweei#10° and 20®). 

* r of a fas « volume dissolved hy 1 volume of water. 

Solubility in watef J of a liquid or soud» number of gnus, dissolved by 
„ „*aloohol I lOOgrms. of watAr. In both oases tj^e temperature 

*• ys stated. 

Indeji df refraction for hydrogen line*/3. 

I. \ II 0 t sodium „ n, &6. 

Molecule refraction for sodium light, i.e. index of j|&Mtion for line n 
miiras one, multiplied by ipoleoular weight, and olfiM by S.G. at 15® 

• *^mparad with water at 0°. 

ThAame ; S.G. being determined at ]6®-20® and referred to watw at 4®. 
Hie 8am\ for iUne of infinite wave-lengtl^ index being ‘determined by 
Cauchy’s formula fBrfihl’s Ba)* 

Bpeoidt rotation fov sooium li^t. 

„ „ neutral tint. a « observed rotation for 

4l00mm. of liquid. d^S.p. of liqui£ pa* no. of grammes of active 
•ubstance in 100 grammes of liquid. 



ABimEVlATIONa 


a, $,7, Ac. 

l,2,S,Ao. pndicate position in a ring only. 

(®)* (^)» I Used when a, a, Ac. are? employed in a sense dinereni irom me aoove, 
e.g. (a).di-bromo-cainphor. 

Baeyer's Nomenclature : 

(B.) , . benzene ring. 

{Py.) • • pyridine ring. 

Thus (B. 1:3) dichloroquinoline, means a meta-dichloroquftioline in 
which the chlorine atoms are both in the benz^e r^ng. • 

While (Py. 1:3) dichloroquinoline, means a similar body, only the 
chlorine atoms are in the pyridine ring. Tl*e nunSbers are counted 
trom two carbon atoms which are in diiferefft rings, bUt both united 
to the same carbon atom. c • 

{A.) • denotes the central ring in the molecule of anthracene, acridines, and 

f azines. • 

MO* ^ . m^afis that the element or radicle it precedes is in a closed ring. 

„ •• c *» '• * benzene ring. 

olio- . • denotes isomerism that is not indicated by ordinary formulee : thus malgj[o 
acid may be called a//o-fumanc acid, 
thio- , . denotes diaplacement of oxj^'en by sulpliur. 

sulpho- . „ the group SO.,H, except in the word sulphooyanide. 

Bulphydro- „ the group SH. % • 

Tribromdtiitrobenzene sulphonic acid [i:2:3:4:5] means that the three 
bromines occupi^ positions 1, 2, anA3;*the nitro- uroun the nosition 4, 
• and the sulpho- group the position 6. 

* Denotes tihat the formula to*which it is atllxed Mas ^or Men aeiermmeii^j^ 
analysis. But it by no means tollcws that formulae without this nlark are tln^e^ 
analysed - * 

All tempmtures are given in degredl Centigrade unless ^en snecially* stated 
otherwise. • 

Wave-lengths are given in lO'Mnm. 

^Formula, wl^n used inateld ot names of substancdl, ha^ a qual^btive mqpning 
^homsc|i’s notation is used m thermooLemical data. 


^Moleo^ilar magnetic rotatory po^er = dTTTm^' 'wherom moleoutai 

weight of the body of S.G. « d, a » angle bf rotation nnder magnetic 
influence, a' = angle of rotation of water under same m|luenoef anc 
m' e molecular weight of water (18V. 

Acetyl 0,11,0. 

Benzoyl C,HiO. 

Cyanogen CN. 

Ethyl C.H,. 

Methyl CH,. 

Phenyl C3v l’> Unffonynlii,^ 

Normal Propyl CH,. CH,. CH,. 

Isopropyl CH{CH,),. / 

Alodho) radicles or alkyls. 

primary. 

sedbndary. 

tertiary. 

normal. ^ 

oitho— para, 
consecutive. ^ 
irregular. * ^ 
symmetrical, 
unsymmetrical. 
pseudo. 

attached to mtrogen. 

Eipployed to denote that the substituent is attached to a carbon atom 
which is next, next but one, or next but two, respectively, to the 
terminal carbon atom. The end to be rtefoned from is determined 
^by the nature of the compound. Thus CHj.CHBr.CO.^H is a-bromo- 
propionic acid. , 

denotes that the element or radicle which follows it is attached to a ter- 
minal carbon atom. 


H ndicate position in an open chaii? only, 
ndicate position in a ring only. 



DICriONAEY OE CHEMISTRY 


OHESrOCHOLIO ACID C27H44O4. Formed by (containing 4aq). Insol.*> alcohol and ether, si. 
lk>iling tanroolBenocholic acid, from goose-bile, 8<j1. water. Very weak base.— B2(H2S04), 16aq : 
with baryta-wfter (Heintz a. Wislioenus, P. 108, fine needles.— BHaCl^PtCl^ 3aq (Skraup, B. 12, 
647). Amorphous mass (from alcohol or ether), 1104). . ^ 

insol. water. Gives #eiienkof or’s reaction wi^ CHITIN v. Pboteids, Appendix C. 

HjSO^ and sugar. Insjfc cold KOHAq, but dis- CHLOIfAL* C.^HCl.O i.e. CCl^CHO. Tn- 

solves on warming, forming a solution that is chloro-acetic*aldehyde. Mol. w. 147*5. [c. -75°] 
ppd. by BaCl|#nd CaClo.—BaA'., (dried). (lierthelot, Bl. [2J 29, 3). (98° cor.) (Perkin); 

CHENOPODINE cAjNO^. This base, which (97*2°) (Thorpe, C. J. 37, 191). V.D. 6-13. 
occurs in white goomio^'^Chenopodiuni album) S.Tl. ^ 1*5292 (j^erkin, C. J. 61, ^08) ; 1*5121 

(Reinsch, N. J. l\ 20, 268; 21, 132; 27, 193; (Brdhl, A. 203, 11); J 1*5417 (Pa.). O.E. 
J. pr. [2] 22, 188), is probal^y leucine (Gorup- (0°-10°) *001123; (0°-100°) *001295 (Laura 
Besanoz, B. 7, 147). « Passavant, G. 5. 39, 63). 1*4623. Rqo 48*06. 

% CHICA, A reel dye obtained from the leaves M.M. 6*591 at 16° (Perkin). S.V. 107*4. 
of Bignonia Chica growing in South America. Formation— 1. By the action of chlorine on 

The colouring-matter hiay bo extracted by alco- aqueous aldehyde (Pinner, B. 4, 256; Wurtz a. 
hoi. It is in|ul. jjther and^Na^COjAq, but sol. Vogt, Z. 1871, 679). — 2. From tri-ohloro-acetal 
Na@4i^f. Chromic acid oxidises it to anisio and HjSO^ at 150° (Paterno, ^4. 160, 256; Z. [2] 
acid (Erdmann, J.pr. 71, 198). • 4,733).— 3. By distilling stfilch or^sugar with 

• CfflCORY? The blue blossoms of Cfc/iomwt and MnO.^ (Btadeler, A, 61, 101). —4. By 
Intybus contain a glucoside CTdI,40,,,4iaq distilling tetra-chloro-ether, CCl,.CHCl(OEt), 
[216°-220°], which may be extracted by dilute with (W. a. V.). 

alcohol. It crystallise^ from water, in which it Preparation.— Chlorinet gas is passed into 

is slightly 8oluble,*in needles. Aqueous alkalis absolute alcohol, which must be cooled at first, 
and alkaline* carbonates form yellow solutions, but afterwards may be heated gradually to boil- 
Bgilmg dilute acids split it up into glucose and ing. The crystalline chloral alcoholate formed 
CafiHliOg [250°-255°], which also occurs in the is decomposed by shaking with H^S04 and the 
blossoms. This form* nced^s, v. si. sol. boiling liquid chloral rectified (Liebig, A. 1, 189 ; Dumas, 
water, Coloured dajfk green %y Fi.,Clj (Nielzki, A. Ch. [2] 56, 126 ; Muller a. Paul, B. 2, 541 ; 
J. 1870, B61 ; ir.PA.i3] 8, 327). ‘ Thomsen, Z. [2] 6, 156 ; Roussin, Z. [2] 6, 96; 

CHICLE ALBAN C,oH,«0. [145^]. S. (al- Personne, 0. B. 69, 1363 ; Paul, Ph. [8] 1, 621 ; 

•ohol of 8.G. *82) *66 at 14°. Obtained by C. J. 24, 134). By-products ara ethylidene 
extracting chicle gum (Mexican rubber juice), chloride, ethylene chlc*i(^e, and otloro-ethylene 
from Chrysophyllum glycyplacim, with weak chloride (115°). The chlorination is promoted 
*ijcobol (Prochazka a. Endemann, i. 0. J. 1, by tno presence of 6 p.c. FeJJlg (Page, D, P. J, 
50). 9m motho»liquo0 deposits chicle fluavil 252, 343. V . also Chloral hydrate). ’ 
C..0H32O (?) ; S. (alcohol of S.G. *82) 2*6- at 13*6°. Theory of the process.— Chlorine oxidises 
The residhe of the gum, after extracting with alcohol to aldehyde, this combines with alcohol 
alcohol, contains two terpenes and,arabin. 0 forming acetal CH3CH(OEt)2, which is then con* 
CHIN*. Substances beginning with Chin- verted . into tri-ohloro-acetal COljCH(OEt)* 
will be described under the alternati;;e names which ;8 saponified by the HCl formed in 
which begin with Quin-, Thns Chinidine, Chi- the previous reaotions : CCl3.CH(OEt), + HCl 
none, anc^hinolino are desetibed as QcmiDiNB, ■».CCi,.CH(OH)(OEt) + EtCl (Lieben, C. B. 44, 
QoiNONi^wnd Quinoliios.* 1345’; B. 3, 910). Wu?|^z (C. B. 74, 777) con- 

CKfBAflN G.jsHmOij. l^lxtracted# by dilute aiders that ohloro-ether is first formed, thus: 
alcohol fftm fhe stalks of Ophelia chirata CH,OHO + HOEt + •+ CH,.CH01(OEt), 

(Hohn, i4 r.#P/k [21 139, ^3). Resinous mass.^ and this is then converted mto tetra-chloro-ether 
decomposG# by hox i Bute HClJnto ophclic acid COl3.CJICl(OEt), which is converted by alcohol 
and morphous chirjffogenin 0,311240,. into m-cMoro-aoetal 0Cl,CH(0Et)2, which is 

CHITENIDINIK5,9H.,2N(^4. termed by oxi- then decdfnposed by H(^ as above, 
iation of quinidine with KMn04. Thin plalea Estimation.— By snaking with standard 

(Sontainin^^q). Sol. rtkalis and hst water, si. NaOH ^nd determining thej amount of alkali 
wl. alcohol. — B"H,2S04 3.aq ; white prisms. — neutralised. 

B"H2Cl2ptCl4 3aq ; large orange -red needles Properffes.— A liquid with odour resembling 

F^t ai^'Bohringer, B*16, 1669). .aldehyde. It solidifies when shaken with a little, 

CHlTElrtNE 0 ,bH^,O 4. Prepared by oxi- water, forming sc^alled chloral hydrate, but it 
latioil of quinine with KMn04. White prisms dissolves in much water. It reduces arnmnn;- 
Von. 
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oal silver nitrate w^h formation of a mirror. It 
Is not affected by mstillaHon over quicklime or 
BaO as long as the oxide is covered by the liquid. 
It combines with NH3. When introduced into 
the blood it is oplit up into chloroform and for- 
mic acid (Liebjreioh ; Personne, 0. R. 69, 979 ; 
Byasson, 0 . 22. 72, 742 ; Arloing, 0. 22. 8^, 245, 
626^ cf. Thomaszewicz, Pf. 9, 36). Tanrelfsup- 
posed that its physiological action was clue to 
the liberation of CO in the blood {J. Phi(i]w), 
355). Some of the chloral passes into tko urine 
as vrochloralic acid CkHdCIjO^. 

Reactions. — 1. Split up at once by NaOH 
into chloroform and sod4um formate, thus : 

CCla.CHO + NaOH = CC1,H + NaCHO,. 
Alcoholic KOH and Na6Et act similarly, forming 
formic ether and chloroform (Kekul6, A. 119, 187). 
2. Zn and HCl redme it to aldejiyde (Personne, 
A. 157, 113 ; C. R. 71, 227). ^inc-dnst and water 
reduce it, on heating, to CH^, CH2Cl„/vnd CH,Cl 
(Cotton, BZ. [2] 42, 622). — 8. Fuming nNO^ oxi- 
dises it to tri-chloro-acetic acid. VlrO, or IlgO 
gives CO and CO.^. KMnO^ gives CO.^, chloroforfli, 
oxygen, and chlorine (Cotton, Bl. [2] 43, 420)^ 
4. Chlmine in sunlight forms CGH^, hydric chlo- 
■ ride, and COCl, (Gautier, Bl. [2] 45, 86 ; C. 22. 
101, 1161). — 6. Bromine forms CCl3CO.Br, 
CCl.Br, CO, and HBr (Oglialorof B. 7, 1461).— 
6. PClj forms CCls.CCl^ (Paterno, Q. 1, 590; 
Z. [2] 5, 245).— 7. PCl^Bra forms CClaCErH.— 
8, H2S04 forms chloralide crystals (q. v.). 
Fuming H^SO^ forms a crystalline compound (v. 
in/m).— 9. KIAq forms iodine and chloroform. 
10. Alicia forms ^rachloral (240°) and C..CI4 
(Combes, A. Ch. [OJ 12, 298).— 11. PoS, foiins 
CjHClj (88°) (Paterno a. Oglialoro, Q. 3, 538). 
12. Aniline reacts violently forming tri-chloro- 
othylidene-di-phenyl-di-amine CCl3.CH(NHPh)2 
[101°] (Wallach, B. 5, 251).— 13. Acetamide com- 
bines forming CCl,.CH(OH)(NHAc) (u. CnTiORAL- 
ammokia).— 14. Acetonitrile formsCCl3CH(NHAc)2 
(Hiibner, B. 6, 109 ; Z. 1871, 712 ; Hepp, B. 10, 
1651) : needles (from HOAc). — 15. Heated with 
syrupy lactic acid at 160° chloral forms tri- 
chloro-ethylidene raono-lactate ; 

C!H^CH<9g*^>CH.CCl, [45°] (223°) (Wal- 

laoh, A. 193, 86). Tljis*body may also be got 
by dissolving chloral hydrate (1 pt.) in syrupy 
lactic acid, and addfcig H,;S04(1 pt.) (M.Nencki, 
J". pr. i25, 239). In a similar way, tri-chloro- 
lactic acid heated with chloral forms chloralidf 
(q. v,) ; tri-bromo-lactic acid forms tri-chloro- 
ethylidene tri-bromo-lactate ^ 

CBr,.CH<^Q^>CH.CCl, [132°-135^; ki- 
chloro-a-oxy-valeric dcid forms 

(297°) ^gly- 

collic acid forms ^>CH.CC1, [42°] ; 

malic acid forms tn-chloro-ethylidone malate 
C03 H.CH,.CH.Ov • 

I >CH.CC1, [140°] (Wa)lach, A. 

co.o^ • • 

193, 37) ; tartaric acid gives • 

CCl..CH<g co>*CHCH<° co>CH.CCa. ; 
jtalicylic acid forms CjH4<^^Q’^^CH.C01g 
[124°] ; while mandeUc acid pfoduces 


03l|,.CH<^^®>0H.CCl„ [82°]. -- 16. When 

mixed with henze^ie (1 mol.) a<id concentrated 
sulphuric acid, di- phenyl -tri-chlort)-eth&ne 
C01s.CH(OaH.,), is forme^ (Gold»3hmiedt,|B. 6, 
985). Broino- and ohloro-benzene and tmuerlfe 
act sihiilafly (Zoidler, B. 7, 1180 ; Fischer, M. 7, 
1191). — 17. By %cting on benzme with chloral in 
the pre8en<r3 of alp^iiniuGi chloride a liquid is 
obtained having the forthula C«H5.CCl2.COH,HCl 
which by caidation forms jihe acid 
C«H,.GCl.,.COOH (Combes, C. 22.98, 678; Bl. [2] 
41, 382).— 18. ZiTic inethide (1 moh) followed by 
water forms CCl.,.OH(OH).CH3. Excess* of ZnMe, 
followed by water forms (CHs),,CH.CMe2.0H.— 
19. ZincethideioWowcd by water "forms tri-chlorq^ 
ethyl alcohol CClg.CHj.OH. — 20. SyS-oxylamine 
forms chloro-glyoxim C.^HjClNjOjf 

Combinations. — 1. Wi^ water v. Chloral 
l^drate. f • 

2. With alcohols '^/Chloral hydrate. 

3. With hydric sulphide: (C3Cl3HO)2HjS. 
[128°]. Formed by passing H^S fhto a solution 

j of chloral (Hagomann,^. 6, 164 ; Wyss, B. 7, 211 ; 

; Paterno a. Oglialoro, O. 8, 533). Rhombohedra 
j (from chloroform). Insol. water, sol. alcohol 
i and ether. Decomposed by heat. With PCI., it 
gives CCls.CHClj.* Gives with AcCl a di-ace^l 
j derivative [78°]. 

j 4. With phosphuretted hydrogen : 

I (CC1,CH0),PH3. [143°]. From chloral (3 g.) and 
j PHJ (2g.). Small prisms (frcAn elfier). ^ Deoom- 
I posfd by cone. NaOH into formate, hypifphos- 
phite, and hydrogen (Girard, A. Cit, [6] 2, 43). 

6. With mercaptan : CjClgHO.HSEt. Crys- 
talline. 

6. With acetyl chloride : CClgCHC^OAc). 
(0. 187°). S.G. 1-476* (V. Meyer, B. 3, 445 ; 
A. 171, 67 ; cf. Curie a. Millet, C. R. 83, 746). 

7. With acetic anhydride : C01jCH(OAc)j. 

(222°). S.G. 1'422, Ofl. * • 

8. W\i\\cthylamine: CCl3.CH(pH)NHEt. On 

distillation this foems CRClj and ethyl-form- 
amide H.CO.AHEf. • 

9. With fuming snlpHaric acid : ® 

(C,Cl3H0)j,S03,2H,S04. [70°]. Chloral (1 pt.| 
is mixed with fuming sulphuric aom (6 pts.). 
The product is washed with cold water and crys- 

I tallised from ether (Grabowski, B. 6, 225, 1070)4 
! A mixture of chloral wjth an equal vjjJjpne of 
j fuming sulphuric acid forms ‘large crystals of 
I (CClg.CHO)^,H2S.,0,. 

' 10. With alkaline bisulphites : 

C2tl.,H0,KHS03 (Stadeler, A. 1(16,253; Eathke, 
A. 161, 154). This compound is also formed when 
KoSOt is •used, biE if the solution be heated to 
80° (S(XK)2CH.C]^KHSOg aqf ory8|i|llise8 out, 

while tire mother-liquor^ontainsCgHj^SjOjiK,. 

11. With hydro§cncydnide: CCls(J]^OU)CN. 
Tri-chloro-lacto-nitrile. [61°]. *(c. 21^°). Pre- 
l^ared by the action ofcanhydrou^ri^stc acid at 
1^20° upon chloral' (Hagemani, 2F. 6JI6I) or by 
boiling chloral wilh strong^ussio awd (Bischoff 
a. Pinner, B. 5, 113; A. <J^, 77). Trimetrio 
plates (from OS.j). Saponified by H€li forming 
Ari-chloro-laotic acid, ^ponified by JIOH for'*^ 
ing pbtasBio formate and cyanide ^d chloro- 
form. With urea it forms CCl,CH(Nll.CO,NBy, 
(Pinner, B. 20, 2345). Acetyl derivativb.— 
CCl3CH(OAc)'CN. [31°]. *‘(208°). from acetic 
anhydride and ^ove (Pinner a. FuobSf 
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B. 10, 1069). RJiombohedra.’ Insol, water, 
sol. alcohol. Gone. H 2 SO 4 in the cold Jorms 
C|Cl,.C§(OAc).'CO.NHj. 

12. Another compound with hydrogen cyan- 
(CC1,.0II0),.0NH. [123 j. From cone, 
solutions of chloral and of KCN ^Ceoj^, B. 9, 
1020). Prisms (froqt ether or llenztftie).^ Insol. 
water. Alcohaiic p(;^ash (or alcohol alone) 
forms di*ohloro-acetic*gth»r. On distillation it 
splits up into chloral and chloralide (Wallach, 
A 6, 114f. Alcoholic, or dilute a^eous, solu- 
tions of KCN convert chloral into dh-chloro- 
acetio acid for ether). 

, 13. •With cyanic acid: (G 2 Cl,HO)^CNOH 

[c. 109°]. Formed by passing vapour of cyanic 
acid into*chipral, boiling the product with HCl 
and crystallj^ing the residue from ether. Small 
prisms (Biscnolf, B. 6 , 86 ). 

14. With bothi^mnw and prussic a<^<hf 

C. ClsHt), CNH, CN^. [80°]. Prepared by 
pouring a solution of CNOK upon a mixture of 
solutions of^hloral and KCy. Needles. Decom- 
posed by hot water. Converted by ethylnmine 
into CCl 2 (NEtH)CHO. <[45°] (Cech, B. 8,1174; 
}, 1253 ; 10, 880). 

16. With sodium acetate^ CCl 8 CH(OAc)(ONa). 
\Iinute white crystals, decomposed by water and 
alcohol (Eebuffat, 0. 17, 400). 

16. With carbatmc ether : 
]Cl 3 .CH(OH).NH.Ca,Et. [103°]. Flaky mass 
from ethei^lc^ol), formed by adding cone. 
HQl t^asomtion of carbamic ether in chloral 
(Bischoff, B. 7, 031). Kesolved into its c#mpo- 
nents by h<ft water or by heating at 100 °. 

17. With urea : CCl,,.CH{OH).NH.CO.NH 3 . 
[160°]. From chloral and a cone, aqueous solu- 
tion of urea. Scales. Decomposed on melting 
into chloral and^pyanurio acid. The compound 
(^CCl 3 .CH(aH).NH),CO [190°] is also formed, and 
fliers from the pre^ding in being nearly insol. 
Douing water (Jacobsen,* Id. 157, 240). 

18. Wiihiienmmdoxim : CyHyN^ClsOo. [135°]. 
White powder, i^ol. watdl', v. sol. alcohol and 
ether. ^Ilesolved oy boiling dilute H.^SO^ into its 
constituents (Falck.fB. 19, 1481). 

19. With hexainidoxim: C^HuNaCljO-j. [130 ]. 
White pearly plates. Formed by heating the 
components together for a long time (Jacoby, 
B. 19, 16051. 

26i»Witn thio-ben^mide : 
C!01,.CH(0H).NH.CS.C8H8. [104°]. From chloral 
md thio-benzamide (Spica, 0. 16, 182). Ehom-i 
)oidal prisms /)f alliaceous odou];, si. sol. ^ter, 
sol. alcohol and ether. * 

Chloral-ammonia CCl 3 .CH(OH).NH,. [64°]. 

Formed by,passing NHj into a* solution of 
chloral^ chloroform (^tiideler, A. 406, 263; 
Schiff, 10, 167). , fasol. cold water, decom- 
poiAd bj^hot water into (IHCl, and ammonio 
formate*(Per^nne, A, 157 114). Boiling aloo- 
'holio KCJf converts it Ato di-chloro-acetarai< 4 B 
(E. SchLB^. Spdbijile, 0. 9, ^ 8 ). With benzoic 
aldehyde it gives (5il,.CH(OH).N:OHPh [130°], 
which cj^stallisea from beyzenedn white leaflets, 

, resolvecr by dilute acids into benzoic aldehyde, 
ehloral, tod NH, (Sch*ff, 0. 9, 486^. , • 

Acetijl dfiriua five. — CCl 3 CH(OH)NHAo. 
CJjhral-acetamide. fl 66 ° 1 . Formed by the 
action of acetyl ohlyide or acetic anhydride ojj 
the above for from, chloral and acetamide. Tri- 
metric plates (from water). Insol. ether. De- 


composed by heat into chloral and acetamide. 
Alcoholic KCN foAis 0 , 4 Hi 8 C 1 bN 40 *. [120°] 

(S. a. 8 .). 

Di-acetyl derivative. 
CCl 8 .CH(OAc)(NHAo). [118°1. Formed by the 
action of ClAc at 120° on the preceding. De- 
cogpposed by warm water into the preceding and 
acetic acid, the group (OAc) being unstable in 
of so much chlorine. 

Uichloracetyl derivative. 
CCl 3 .CII(OH).NH.CO.CHCl 3 . [106°]. From chlo- 
ral and di-chloro-acetamide (S. a. 8 .). large 
prisms (from water). 

Benzoyl deri^(ftive. 

CCl,.CH(OH).NHBz. ^151°]. From benzamide 
•ind chloral (Jacobsen, A. 157, 245) or bypassing 
HCl into a mixture of chloral-hydrate and bon- 
zonitrile (Pinner a. Klein, B. 11, 10). Tables 
(from alcofiol). .Alcoholic KCN forms a com- 
pound Q|„lluCl,N^O [131°], which separates in 
small crystals from ether ( 8 . a. 8 .). 

^ Chloral hydrate CjIIjClsOa i.e. CCl,.CH(OH) 2 . 
Tri-chloro-acetic ortho-aldehyde. Mol. w. 1G5‘3. 
^67°j. (97°). S.G. 1-6415 jerkin, C. J. 61, 
808); 7 l*5f5; S.G. (solid) 1-901. V.D. 2-(^ 
(corresponding to a mixture of water and chloral). 
8 . (in CS,,) 2»at 15° ; 20 at 40°. E^ 47*94 (in 
a 3 . 3*2 p.c. aqueous solution) (Kanonnikoff, J.p\ 
[2] 31, 347). M.M. (^ised) 7*151 at 54*6°; (in 
aqueous solution) 7*02 at 14°. 

Formation. — By direct union of chloral with 
water, absorption of heat taking place (Phipson, 
C. N. 25, 267). « 

Preparation. — Alcohol (400g. of 97 per cent.) 
A% poured upon crystallised ferric chloride ( 6 g. 
of Fo^Clg 12 aq) and a large excess of chlorine is 
passed in. The product is distilled. The distil- 
late contains chloral and chloral hydrate but not 
chloral alcoholate. After rectification the portion 
boiling between 94° and 97° is converted by water 
into chloral hydrate (625 g.) (Page, A. 226, 220; 
cf. Detsenyl, C. C. 1873, 767). Chloral hydrate 
may also be purified by crystallisation from CSj 
(Fliickiger, Z. 6 , 432). 

Properffes.— Monoclinic plates, v. sol. water 
and alcohol. By shaking with c(*| 0 . H 2 SO 4 it ia 
at once converted into chloral. In doses of more 
than 6 g, it produces* loop (Licbreich, B. 2, 269). 
Itais antiseptic, preventing putrefaction of pro- 
teids. The vapour of chlwal hydrate iaisplit up 
by heat into chloral and water ; the dissociation 
is complete at 100 ° at the ordinary pressure, and 
even at 61° under a pressure of 9 mm. (Wurtz, 
C. E^89, 190 ; Moitessier a. Engel, C. P. 86 , 
971; Troost, C. B. 84, 708; 85, 32, 400; 100, 
834; 31. GA. [ 6 ] 13,411; ^,155; Friedel, Bl. [2] 
43, 56 ; C. B. 100, 891 ; Naumann, B. 9, 822). 

•The molecular m^netio rotation indicates 
that chloral hydrate exists as such in its aqueous 
solution. In amy]^|ide solution it begins to 
dissociate between o^lAd 40°(PerkiD, 0. J. 61, 
808), Chloral hydrate differs from chloral in 
not Exhibiting Schiff’s test for aldehydes with 
rosanili»e,and SO 3 (V. Meyer a. Caro, B. 18, 
2348). • 

Chloral hydrate may be extracted 
by ether from its aqueous solution {e.g. urine) 
and the following tests may then be applied: 
(a) Warming with alcoholic KOH and aniline 
gives (even witk -000015g.) the disgusting odoifr 
of phenyl carbamine. (b) Warming at 60° with 

b2 
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oono. EOEULq and^ little phenol gives a blue 
colour (with ‘OGOOSg.). (c) After boiling with pot- 
ash formio acid may be detected (with -GOOllg.). 
(d) Lime-water and HjS give a pink colour (with 
•00066g.) (Dragendorff a. Tiesenhausen, C. C. 
1886, 636). Th*e valuation of chloral hydrate 
may be effected by decomposing it with ammonia, 
EOHAq, or, better, with H^SO^ (Veramann, P^. 
[3J 1, 701, 065; Wood, Ph. [3J 1, 

Muller, Z. [2]^, 66 ; C. J. 24, 444 ; Paul.JpA [S] 

I, 621; C. J.24, 134). / 

Reactions.— 1. With KCy it forms di-chloro- 

acetic acid. — 2. Heated with glycerin it forms 
chlorofoi-m, formic acid, find allyi formate (Byas- 
son, G. B, 76, 1628).—^, Boiled with aimnontc 
acetate it forms chloralimide, CCl^.OHrNH (Pir- 
ner a. Fuchs, B. 10, 1068). — 4. Wanned with 
aqueous KHS deposits sulphur, and then crystals 
of C,H,CIaO,S [97°j (Michafi, B. !), 1267 ; cf. 
Nicol, C. N. 43, 43).— 6. Withaqueoi^nnjwonic 
sulphide it forms a red powder ,Np,,. 

This dye separates from petroleum in lustro^ 
green crystals (E. Davy, P. M. [4], 68, 247 ; 
Leroh, 0. C. 18^17, 299).- 6. Melted with KClOs 
it reacts violently with productiof^ of tri-chloro- 
acctic acid and decomposition products (Seubert, 
B. 18, 3336). — 7. Boiled with zm‘)rdust it is de- 
composed with formation of chloride and oxy- 
chloride of zinc and liberation of hydrogen and 
CH, (Cotton, Bl. [2J 42, 622). -8. HgO decomposes 
chloral hydrate with fouuation of COCl.^, carbonic 
oxide, and COj.— 9. KMnO< liberates chlorine, 
CO3, and oxygen wito formation of CHCI3 (Cotton, 
Bl. [2], 43, 420).— 10. Heated with ammonic 
sulphocyanide forms a white crystalline b^*y 
CsHjCljNsS, insol. water, sol. alcohol (Nencki a. 
Schaffer, J.pr. 126, 430 ; Brodsky, M. 8, 27).— 

II. Camphor forms an unstable compound (vol.i. 
670).— 12. Acetyl chlondcioxm^ CCl^.CHCljOAc) 
(Meyer a. Bulk, B. 4, 963).— 13. With dc-victhyl- 

amhneandZnClnitgivcsCCls.CH(OH).CgH4NMe2 

(Knoeffler a. Boessneck, B. 20, 3193). 

Acetyl derivative CClg.CHfOAc),. (222® 
uncor.). S.G. 1*422. From chloral and Ac^O. 
Liquid, insol. water, not attacked by cold KOHAq 
(Geuther, A. S.06, 240). 

Ethyl ether CCl^C»(OH)(OEt). 

Chloral alcoholate. Mol. w. 103-5. [^°]* 

(Jacobsen) ; [46®J (i-ieben, B. 3, 9U9). (115°) 
(Martins a. Bartholdy, B. 3, 44.3), S.G. 1-329. 
V.D. (air =1): 8-49 at 200° (theoiy: 6-68). The, 
vapour-pressure has been examined by Kamsay 
a. Young (C. J. 49, 686). Fopied by the union 
of chloral with alcohol (Personne, C. B. 6^ 1363 ; 
cf. Roussin, C. B. 69, 1144; Thomsen, B. 2, 
607; Lieben, B. 3, 007; Jungfleisch, Lebaigne 
a. Boucher, J. Ph. [4] 9, 208). Its vapoqj is 
dissociated by heat. Jt3parated from aqueous 
solution by CaCl^. De comp osed by HjSO^ with 
liberation of chloraU-IStfai PClj it gives tetra- 
chloro-ether, CCl3.C^1.0£t (Henry, 0. J. 24, 
266,696; B. 4, 101, 435). . C 

Ethyl-acetyl derivative 
CCl,(OAc)(OEt). (198° icicor.). S.(>. li 1-327. 
From chloral alcoholate and AcCl. Alco from 
tetra-chloro-ether aifft AgOAo (Busch, B. 11, 447). 

Methyl-ethyl ether CCl,(OMe)(OEt). 
(193-4°). S.G. ^ 1-82. From tetra-chloro-ether 
Vnd MeOH (Magnanimi, Q. 330). Liquid, 
smelling like camphor. 


Chloro-eJhyl ether ^ 

0CU.CH(0H)0GH2.CH2C1. " From chloral and , 
glycolic chlorhydrin. Converted by PCI5 into 
CC1,.CHC1.0.CH2.CH2C1 (Henry, B. 7, 763). 

Methyl ether CCls.0H(OH)(OMe). O^l/yral 
methyl-alcoholate. [60°]. (106°) (Jacobsen, A 
167, (98°) (Bartholdy a. Martius, Bt 3, 

443). From dlilcral and niethjpl alcohol. 

Di-meihyl etker CC/l5.0H(OMe)2. (183°). . 
S.G. 1-28. From CClstOHCl.O.CH, and MeOH. 
liiquid, sn<jlling-of camphor /(Magnanimi, 0. 16, 
330). c 

i Di-ethyl ether CC\3.C11{0FA% Tri-chloro- 
i aceMl. (197°) (B.) ; (200°) (W. a. ¥.) ; (206° 
cor.) (P. a. P.). S.G. 2-281 (P. a. P.). S. -5. 
Formed by passing chlorine into diliUe (76 p.o.^ 
alcohol ; or by treating chloral mconolate with 
chlorine at 80° (Byasson, Bl. [2] o2, 304 ; C. B, 
8'L 26). Formed also W ^eating tetra-chloro- 
! ethyl oxide CCh.CHCl.Qpt with alcohoWn sealed 
tubes (Wurtz a. Vogt, U. B. 74, 777; Paterno a. ' 
Pisati, O. 2, 333). Liquid, smdling like di- 
chloro-acetal. Miscible with alconol and ether. 
By heating with watoi or H2SO4 it is resolved 
into chloral and alcohol. Hot alkali has no 
action. HNO3 gives tri-chloro-acetio acid. A 
solid isomeride is ^Sscribed under ChlobC-agetio 

ALDEHYDE. f-, 

Allyi ether CCh.CH(OH)(OC,H,). Chloral 
allyl-alcoholate. [21°]. (116°). From chloral 
and allyi alcohol. I^edles (Oglialop, B. 7 , 1462), 
Acetyl derivative CClj.CIx(OAo)(OC,Hj), 
(106°) (Oliveri, Q. 14, 13). 

Isoamyl ether CCl3.CH(On)(OC5H„). 
Chloral amyl-alcoholate. [66°]. (146°). S.G, 
(liquid) 2n 1.234. 

Cetyl c^;iorCCl,.CH(OH)(C,3Hs,). Chloral 
cetyl-alcoholate. Very siUall needles. 

Ethylene ether ^ 

CCl3.CH(0H).0C2H40.CH(0H).CCl3. Chloral 
glycolate. From chloral And glycol (Henry,*B. 

7, 762). ,, , 

Isomeride of ^chloral hydrate. Ghfortl 
mixed with gldlial HOAc an^evaporated quickly 
is converted into an isom^ideof chloraf hydrate 
[80° J, although the same solution w]j;en evapoj 
rated slowly deposits ordinary chloral hydrate 
[57°] (V. Meyer, B. 6, 449 ; A. 171, 74). 

Meta-chloral (CjChHO)^. Formed by leav-* 
ing chloral to stand wiix HaS^*. Chlaiil that 
has been freed from all traces of H2SO4 by dis- 
tillation over BaO remains liquid for years 
(Byasson, C. B. 91, 1071). Amorphous solid, 
in^. water. * HNO, oxidises it to tri-chloro- 
acetic acid. Alkalis form formate and chloro- 
form. At* 1§0° iU is convert^ into ordinary 
chloral ^Kolbe, A.* 34, 183). Trim^^ylamino 
also polymerises chloral* f 

Parachloral {Cf\,R(J)^. (240°).# FoMued, 
together with tetra-chloro-ethylene, treating 
chloral with AlaCl* (Cdhibes, A. Ch. \3] 12, 26^. 
Liquid; oxidised by HNO.^t# tn-o5loro-acetio 
acid. • 

‘ Para-chlo5alidel (OjClJQPL. (182°). S.G. 
W 1*677. An isomeride of chloral Stid to be 
fbrmed by Jthe action $t chlorine on methyl 
alcohol (Cloez, A. Ill, 178). 

CHLOBALIDB C5H2OI3O, 

. U. C01,CH<;°o°>OH.Ogl.. 

Tri-chloro-ethylidcne tri-chloro-lactate, [116®]. 
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(273"). V.D.ll'8at800®(calo.H-2). Formed, 
together with metaohloral, by the actioij of 
on ohloraj. Also by heating chloral with 
tri-tjhlora lactic acid at 160® (Wallach, A. 193, 1; 
B. 8^678). ^ 

• Fr&paration , — Ghldral hydrate (1 vol.) is 
heated at 90® with a mixture of cdno. 

(1^ vols.l and fuming H^SO^ QJ of S.G. 1*85) 

in a flasK with ij^erteH condenser uptil crystal- 
lisation begins in the deck* of the dask. The 
contents a|e shaken till cold, and tj^en poured 
into water. The insoluble chlOTalide is washed 
with water ^nd recrystallised from ether or 
chlorofor#! (Otto, A. 239, 2(12 ; cf. Stadeler, A, 
61, 104 ; Grabowsky.R. 8, 1483 ; Kekul6, A. 106, 
^ 93 ). 

Properfiesl^Monoclinic prisms (from ether). 
Insol. water, sft sol. cold alcohol. Distils without 
decomposition. Boiling KOH splits it up into 
chlorofoxm and forfSioaacid. Alcohol at IdO® 
gives chloral alcoholaw and ethyl tri-chloro- 
lactate [67°]. Zn and HCl in alcoholic solution 
reduce it to aWohyde and di-chloro- acrylic acid. 


(Boedeker a. Troschel, B, B. 1854 486). A& 
aqueous solution of JplOl h# been known for 
many centuries; the gas was first prepared 
approximately pure by Priestley in 1774. The 
acid was thought to be the oxide of an unknown 
element, murium^ until Davy proved in 1810 
that it was a compound of H and Cl. 

^<hmation.—l. By the action of diffused 
^nlight on a mixture of equal volumes H *lttnd 
PK ne mixture is best prepared by electro- 
lysis cone. HClAq, using carbon electrodes 
(Roscoe, C. J. 8, 10). Combination occurs ex- 
plosively in direct sunlight, or in electrief, or 
magnesium, light, or in the light produced by 
burning NO in CS,^ ^pour. Combination may 
also be caused by heatnig to 150®, or by bring- 
ing the gases into contact with Pt black, or by 
absorbing them in charcoal. The gases do not 
combine in ih§ dark at ordinary temperature. 
For details regarding the rate of combination by 
exposure i) light v. Ciikmical change, vol. i. p. 749. 
2. By the action of Cl on in sunlight ; or 
(U on H^S, HI, turpentine, and many other 


PCI, forms an oil S.G. 1-7436 

(Anschutz a. Ilaslam, .4.239, 300). 

OHIO RANIL V. Tetra-chloro-quinone. 
CHLOB'ANILIC ACID dJ^i-ouLORo-Di-oxY- 

qUINONE. 

CHLORATES and PERCHLORATES— Saffs 
of chloric and percMorio acids^ v. Chlorine, 

OXY-ACIDS OF .0 , • 

CHL^RHYDRIC ACID. HCl {Hydrochloric 
acid. Hydrqacn chloride. Muriatic acid %as). 
Mol. w. 36-37. [-112-5®] (solidifies at -115-7®) 
(Olszewski, M. 6, 127). V.D. 18-2. S.H.p. 
(13°-100®) (equal mass of water *=1) -194 
(Strecker, W. 17, 85) ; (27®-214®) -1867 (Rcg- 
nault, Acad. 26f 1). S.H.v. (equal mass of 
water® 1) -1^04; (equal volume of air = l)-975 
(CU^sius, Meehan. Wdrmetheorie, 1, 62 [1876]. 
S H D 

(20°) J-389; .(100°) 1*4 (Strecker, W. 

19, experinUntally deteriiined). C.E. 
(0®-33°]^ Yi = Yo (l%at + W-), values of a for 
HCl + 6-5H,0 = -000446 ; for HCl + 60H.,O - 
'000 0626? values of 6 for HC 1 + 6 - 6 H; 0 - 
•000 000 43 ; for HCl + 6 OH 2 O = -000 008 71 ; for 
,HCl -f- 200H.,0 ® -000 0163 ; for HCl + 20011*0 = 
•oooomee (Marignac.A. Suppl. 8 , 836). S at 
760 mm. (0®)503^ (4®)lb0; (10°) 470; (20°) 440; 
(24°) 427; (36°) 396 :(44®) 377 ; (48°) 367 ; (60°) 
842. S. at 0° with varying pressure (60 mm.) 374 ; 
(100 mm.) 400 1 (200 mm.) 431 ; («00 mm.) ^0 ; 
(400 mm.) 465 ; (600 mm.) 487 ; (800 mm.) *07; 
(1000 mm.) 622 ; (1300 mm.) 646 Roscoe a. 
Dittmar,i. 112,928 ; v. al 8 <> ]5eicke, P. 119, 166). 
S. (alcoM, S.G. -836) 327*(Pierre, A*Ch. [3] 
81» l^5)- gVapour-prdbsure gf liquid HCl (—73°) 
1368^mi%; ( - §1°) 3800 mmP; ( - SO'^) 8050 mm. ; 
(0°) 19912 mm.(Farada 3 fc T. 1846. 166). H.F. 
[H, 01] = ^,0n0 ; J:H, Cl, Aq] ® 39,316 {Th. 2, 20)f 
Critical point = 61*SA® (Ans<*ell, Pr. 30, 117). 
S.G. liquid HCl(0®>-908, ( 7 - 6 ®) -873, (33°) -748, 
(47*8°) *^9 (A.). *Coeffioi»t of tsompressibility 
(^quid HCl) for pressure from 62-8 to 208’ID 
atmos. ati 47® = -00 iK at 33® i -00096, at 
16-86° -•<JD062, at 6*7° -*000397 (A.). 

•Occurrence. — In the gases of volcanoes, and 
in streamsissuing in volcanic districts (Bunsen^ 
P* 88, 197). In the gastric juice of mammals 


organic compounds.— 3. By the action of 
IfuSO,Aq or other acid on various metallic 
chlorides.— 4. Tiy the action of superheated 
steam on MgCl*, or on CaCl* mixed with sand. 

Breparalicft.—l. By adding to 100 parts 
pure NaCl, in a flask with an exit tube and 
safety funnel, about 180 parts pure HjSO^Aq, 
prepared by diluting the cone, acid with | to ^ its 
weight of HjO apd cooling, and gently warming. 
The gas is passed through a little cone. HClAq, 
and then dried by CaCl*; H is collected over 
Hff, or by downward displacement of air. If 
thcmaterials react in the proportionBNaCl:H 2 S 04 , 
NaHSO^ and HCl are formed at ordinary tem- 
peratures ; then adding NaCl and strongly heat- 
ing, NaHSO, and NaCl give Na^SO* and HCl, 
If HCJAq is to be prepared, the gas is led into 
cold water, the exit tube passing only a little 
way under the surface: the HClAq may be 
purified by redistillation in contact with a little 
Cu (to remove Cl), after standing with pure 
SnCl.> (to remove As), {v. Bettendorff, Z. [2] 
6, 492 ; Zettiiow, D. Ik J. 205, 247 ; Hager, Fr. 
1872. 306; Oster, Fr. 1872. 46^; Houzeau, 

A. Ch. [4] 7, 484 ; llei^isch, J. pr. 24, 244 ; Otto, 

B. 19, 1903).— 2. By dr&pping cone. H^SO^Aq, 
through a tube with glass siop-cook, into a flask 
about one-third filled with commercial HClAq ; 
the liquid gets warm and all the HCl except 
^about -32 p.c. is evolved (P. Hoffmann, B. 1, 272). 
Liquid HCl may be prepared on a small scale 
by placing a few jAeoes of NH,C1 in the closed 
end of^ W shaped tube, running a little cone. 
HjSO, by means of a bent funnel tube into the 
second bend of the tube, closing and thickening 
the open end, and, alt|r cooling, allowing the 
acid to flow on to the*NHjCl, and cooling the 
other limb of the ti^M^, After a little the limb 
containing the reacting bSdies is gently warmed 
wheniiquid HCl collects in the cooled limb (Davy 
a. Faraday, T. 1823. 1C4). 

Projfkt9es.~~-B.Cl ia a colourless gas with 
most ^itating, acrid imour ; it fumes in moist 
air. The dry gas does not yedden litmus paper. 
At 10° under pressure of 40 atmospheres HCl 
condenses to a colourless liquid (Faraday, T. 
1846, 166). HCl is largely absorbed by watei^ 
with production of much heat; [HCl,Aq]-* 



6 


OHLORHYDBIC ACID. 


17,814 {Th. 2, 19). The solution is strongly acid ; 
the affinity is takfti by ^stwald as 100 (». 
Affinity, vol. i. p. 75). When heated, cone. 
HClAq gives off HCl and H^O; the tempera- 
ture rises to 110^ at mean barometric pressure 
when a liquid SjG. 1*1 and containing 79*8 p.o. 
HjO and 20*2 p.6. HCl distils over unchanged. 
This composition corresponds with the foiti^la 
HCl.SHjO ; but it is not probable that the liqui(k 
is a definite hydrate ; the B. P. and comp®Ki^ 
of the liquid vary with the pressure. The Allow- 
ing numbers give the B. P. of HClAq, and the 
composition of the liquid remaining in the retoit, 
at various pressures (Eoscoe a. Dittmar, A. 112, 
828; tJ. also Bineau, A. vh.t[S] 7, 257): — 


Pressure in mm. 

H.P. 

100 

62® 

200 

76 

800 

84' 

490 

97 

760 

110 

1520 

— 

2280 

— 


* P.o. HCl in rpxiilual liqiiiiH 
22*8 


t 


22*1 

• 21*7 

20*9 

«0*f 

19*1 

18*1 


# 


If dry air isfpassed into cone. HClAq the 
liquid loses HCl ; the residual liqdid has a con- 
stant composition for a specified temperature. 
The following numbers give th® composition 
of the HClAq remaining at after passage of 
dry air until HCl ceases ^o come off (Eoscoe a. 
Dittmar, A, 112, 328) : — 



P.c. HOI. 


P.c. HOI. 


P.c. nci. 

0° 

25*0 

35° 

23*9 

70° 

22*0 

5 

24*9 • 

40 • 

23*8 

75 

22*3 

10 

24*7 

45 

23*6 

80 

22*0 

15 

24*6 

50 

23*4 

85 

21*7 * 

20 

24*4 

66 

23*2 

90 

21*4 

25 

24*3 

60 

230 

95 

21*1 

80 

24*1 

65 

22*8 

100 

20*7 


The following table (Eoscoe a. Dittmar) shows 
that the liquid obtained by passing air into 
HClAq at a specified temperature has, in many 
oases, the same composition as the liquid which 
boils at that temperature under a certain pres- 
sure ; — 


B.P. P.c.Ha~m" 

100 61°-62 22<8 ^ 62° 22*9 

210 76 -77 22*1 77 22*a 

300 c 84 -85 ^1*7 86 21*7 

880 91 21*3 91 21*4 

490 97 20*9 98 21*1 

The S.G. and composition of ^HClAq are given 
in the following table (Ure).* Temp. 15®. 

Aoid of Sp. 
Gr. 1*3. 

, p.ot. 

« 

Speciflo 

Gravity 

Chlorine p.c. 

HCl p.c.^ 

100 



40*777 

99 


89*278 

40*369 

98 


88*882 

39-9^ 

97 

1*1946 

88*485 

89*654 

96 

1*1928 

J8-089 

^39*146 

96 

1*1910 

^87*692 

88*J38 

94 

1*1893* 

37*296 

38*330 

98 

1*1875 

36*900 

87*923 

92 

1*1857 

36*603 

87*516 

. 91 

1*1846 

86*107 

37*108 

90 

1*1822 

86*70f 

86*700 


Add of Sp. 
On 1*2. 
p. ct. 



Speciflo 

Gravity 

ChloWne p.«. 

• 



HOI PA 

89 

1*1802 

36*310 • 

36*29|iL 

88 

1*1782 

34-.913 

86*884 

87* , 

1*1762 

34*517 

86*476 

86 

VlUl 

8412L 

85*068 

85 

. 1*1721, 

13*721 

84*660 

84 

1*1701 

»• 33*328 

84*252 

83 

l*lfi81 

82*931 

83*845 

82, 

1*1661 

32*635 

83*437 

81* 

1*1641 

32*136 

1 33*029 

80 

1*1620 

81*746 

88*621 

79 

1*1699 

31*343 

82*213 

78 

1*1678 

30*946 

31*806 

77 

1*1657 

80*660 • 

8i*398 

76 

1*1536 

30*163 < 

30*990 

75 

1*1516 

2^7 

30*582 

V 74 

1*1494 

^^861 

30*174 

73 

1*1473 

%28*964 

29*767 

72 

1*1452 

28*567 

29*859 

71 

1*1431 

28*171 < 

' 28*961 

70 

1*1410 , 

, 27*772 

28*644 

69 

1*1389 

27*376 

28*13G 

(;8 

1*13G9 

26*979 

27*728 

67 

1-1349* 

26*583 

27*321 

66 

1*13^ 

2G186 

26*913 

65 

1*1308 

25*789 

20*505 

64 

1*1287 

2i>*392 

26*098 

63 

1*1207 

24*996 

25*690 

62 

1*1247' 

24*590 < 

> 26*282 


1*1226 

24-202 

24-B74 

60 

1*1206 

23*806 

e 24*406 

69 

1*1186 

23*408 

24*058 

58 

1*1164 

23*012 

23*050 

67 

1*1143 

22*016 

23*242 

66 

1*1123 

22*218 

22*834 

55 

1*1102 

21*82€ 

22*426 

54 

1*1082 

21*426 

•22*019 

63 

1*10G1 

21*028 

21*011 ■ 

52 

1*1041 

20*G32 

21*203 

51 

1*1020. 

26*235 ' 

20*7% 

60 

ICOOOP 

19*8b7 

20*3^ 

49 

1*0980 

lfe*440 

19*980 

48 

1-09G0 

19*044 

19*572 

47 

1*0939 

18*647 

ft*166 

46 

1*0919 

18*260' 

18*767 

45 

1*0899 

17*854 

18*359 

44 

1*0879 

47*457 

17*m 

43 

1*0859 

17*06(f 

17*634 

, 42 

1*0838 

16*664 ! 

17*126 

• 41 

1*0818 

16*267 

16*718 

49 

P0798 

15*870 * 

16*310 

39 

1*0778 

15*474 

16*902 

38 

. 1*0758 

16*077 

16*494 

37 

1*073^ t 

14*680 • 

16*087 

36 ‘‘ 

1*0718 

,14*284 

11^79 

35 

1*0097. 

18*887 


34 

• 1*0677% 

13*490 , 

1£^63 

• 33 

1*0657 

» 13*094 . 

13*466 

• 32 

1*0637 

12*69'l 

IStMEI 

81 

1*06]«7 


12*641 

80 

1*0697 

ii-aoj 


29 

1*0577 ^ 

11*608 

lbQB25 

« 28 

1*0557 

11*109 

11*418 

27 

•l*0637* 

10*712 


26 

1*0517 

10*316 

W-602 

25 

1*0497 

9*919 


< 24 

1*0477 

9*522 

a9<786 

23 

1*0467 

9*195 

9*879 
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Acid of Sp. 
6r. 1-2. 
p. ot. 

Specigo 

Qmviby 

i~ 

Chlorlne p.c. 

EOl p.0. 


•1-0137 

8-729 

9-971 

21 

1-0417 

8-332 

8-563 

, 20 

1-0.397 

7-9^ 

», ^155 

19 

^0377- 

7-1^ 

7-747 

18 

r0367* 

.7-141 , 

7-340 

17 

1-0337 • 

• 6-74.5 

7-932 

f 

I-O3I8 

6-iU8 

, 6-524 

16 

1-0298 

5-^1 

6116 

14 ( 

► 1-0279 

6-554 

^•709 

13# 

1-0259 

6-158 

6-301 

12 

1-0239 

4-762 

6-893 

11 

1-0220 

4-365 

4-486 

10 • 

• 1-0200 

3-968 

4-078 

9 

• 1-0180 

3-571 

4-670 

8 

1-01^ 

3-174 

3-262 

T* 

i-oil!i V 

2-778 

3-8.5# 

6 

1-0120 » 

2-381 

3-447 

6 

1-0100 

1-984 

2-039 

4 

► 1-0080 

1-588 

2-631 

8 

1-0060 

, 1191 

1-224 

2 

1-0040 

0-795 

1-816 

1 

1-0020 

0-397 

— a 

1-408 


, Kolb (D. P. J. 204, 322) gives the folio firing 
table : — 


S.G.« 

p.(^n(?l 

at 0^ 

• 

100 [la^ts acid at 16® contain 

HOI 

AckI of 
‘JO® 

Benumb 

Acid of 1 Acid of 
21® B. #i® B. 

1-000 

0-0 

0-1 

0-3 

0-3 

0-3 

1-007 

1-4 

1-5 

4-7 

4-4 

4-2 

1-014 

2-7. 

^■9 

9-0 

8-6 

8-1 

1-022 

• 4-2 

4-5 

14-1 

13-3 

12-6 

1-029 

6-5 

^5-8 

18-1 

17-1 

16*2 

f-036 

6-9 

7-3 

22-8 

21-5 

20-4 

1-044 

^•4 

#8-9 

27-8 

26-2 

24-9 

1-062 

9-9 , 

, 10-4 ' 

32-6 

30-7 

29-1 

1-060 

11-4 * 

120 

•37-e 

35-4 

33-6 

1-067 

12-7^ 

#3-4 

41-9 

39-6 

37-5 

1-076 , 

14-2 

16-0 

46-9 

44-2 

42-0 

1-083 

16-7 

16-5 

61-6 

48-7 

46-2 

1-091 

17-2 

18-1 

66-7 

63-4 

50-7 

1-100 

18-9 

19-9 

62-3 

58-7 

55-7 

1-106 

20-4# 

2>5 

67-3 

63-4 

60-2 

1-116 

21-9 

23-1 

72-3 

68-1 

64-7 

1-125 

23-6 

24-8 

77-6 

73-2 

69-4t 

1-134 

25.2 

26-6 

83-3 

78-6 

74-5 

1-143 

27-0 

28-4 

88-<f 

83-8 

#79-5 

1-162 

28-7 

30-2 

94-6 

89-0 

84-6 

1-167 

29-2 

31-2 

.97-7' 

^2-0 

87-4 

1-1 6U 

30-4 

32-0 • 

.100-0 

94-4 

89-6 

i-iot 

81-4 

33^ 

103-3 

97-3 

92-4 

>171 • 

32-3 

33-9 

•106-1 

100-0 

94-9 

1-171> 

3»0 

84-7 

108-6 

I02-4 

97-2 

1-180 , 


85'^ 

111-7 

105-3 

100^ 

1-185 < 

> 35'1» 

86-8 

116-2 

108-6 

‘ 103-0 

1-190 

36-1 

•#7-9 

n8-6 

111-8 

106-1 

1-195 

37-1* 

• 89-0 . 

122^ 

116-0 

109-2 

1 -lOf 

38-0 

89-8 

124-6 

117-4 

111-4 

1-205 • 

• 39-1 

4>2 

.180-0 

•121-5 

11#4 

1-210 , 

40-2 

42-4 

132-7 

125-0 

119-0 

1-212 

41-7 

42-9 

134-3 

126-6 

120-1 


the S.G. of HClAq can be found at a tempe- 
rature other than 19'6® v/^Koh temperature ia - 
taken as normal, (^e table on next page.) 

Thus, an acid containing 25*5 p.c. HCl has 
S.G. = 1T01 at the normal temp. (19-5°). at 40° 
1-101 


the S.G. will be 
l-lOl 


1-00877 


> l-092f at 100° the S.G. 


¥iW*be “ 1*06. Thomsen, using the cum- 

Ure’s table, gives the f^G. of HClAq 


at 


1 ^ 


as S.G. = 


100 


10q_/100 -1-07^5 p\2, 
-p Vioo-:-726f* 7 


Kremits (P. 108, 116) gives a table by whicli 


where p = p.c. of HCl (P. Jnbdhand, 144). 

licactions.~l. Decitoposed by heat, at about 
1500°, into H and Cl, which combine again on 
tooling. If a silver tube kept cold by running 
water is placed inside a porcelain tube in a 
wind furnace,# and HCl is passed through the 
latter tube, the fresCl combines with the Ag, and H 
remains /^eville.'C. li. 60, 317).— 2. Moist, but not 
dry, HCl is^decomposed by oxygen in presence of 
^nlight (Richardson, G.J. 61,801).— 3. Electric 
sparks very slightly decompose HCl.— 4. Many 
metals decompose HCl when h|p,ted in it, giving 
chlorides ambH ; metallic oxi^s form H^O and 
Cl; many metallic peroxides also set free Cl.— 
6. HCl is noL combustible.- 6. Mixed with air 
and passed through a hot porcelain tube, or 
over hot pumice, HgO^nd Cl are formed {comp. 
Chlorine; Formation, No. 3).- 7. By the action 
oi platinum black on a mixture of 1 vol. HCl 
with J vol. 0 water is formed (Henry, T. 1800. 
188).— 8. HCl is completely degomposed by 
sodium amalgam at the ordinary temperature, 
(tChis is applied as a lecture experiment for 
demonstrating the composition of HCl, by 
Hofmann ; v, Einleitung in die moderne Chemie 
(5th ed.), 73).— 9. An aqueous solution of HCl 
exposed to air and sunlight evolves a little 
Cl. — 10. Cone. HClAq evolves only H and Cl on 
electrolysis ; diluted with 9 vols. or more H,0, 
0 is also evolved. Riche {C. B. 46, 348) says 
that by electrolysis of HClAq, HClO^Aq is 
formed.— 11. Cone. HClAq heated to 200° with 
amorphous phosphoru.s produces PHg and 
HjPO^Aq.— 12. An aqueous solution of HCl is 
decomposed by many metals with formation of 
chlorides and evolutiftn«of"H. Let this decom- 
poKition be expressed by the equation R + 2HClAq 
=RCLAq + H2; then conlidered therr^ally this 
is composed of the parts (1) - [H'*, Cl'*, Aq], 
(2) + [R, CP, Aq]. The value of (1) is about 
79,000, but is less the less the quantity of 
water used ; for ^*ry cone, solutions it is equal to 
abouf 69,000 : if then the value of [R, CP, Aq] 
is grdhter than 79,000 we should expect the metal 
11 to decompose dilute HClAq ; if [R, CP, Aq] is 
greater than 69,000 we should expect R to 
decompose cone. IlCUq. [R, Cl^ Aq] is greater 
than 79,000 when R = Kj, or other alkali metal, 
Agj, Ca, Ba, Sr, MgT^ji^In, Mn, Fe, Co, Ni, Sn. 
[R, CP, Aq] is less than 79,000 when R^Tlj, 
Pb,tlu, Hg, Pd, Pt, or ^ Auj; these metals do 
not de(|pinpose dilute HClAq. Now [Pb, CP, Aq] 
= 76,970, which is ^69,000; Pb decomposes 
cone. HClAq. The following quantities of heat 
are produced, per 2 grami of H formed, by the 
action of certain metals on HClAq; these 
numbers afford approximate values of the 
relative intensifies of the actions: Mg « 106,800; 
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1 

Temp, of 19'5° 

8fl. 1D401 

8*9 p.o. HCf 

B.0. 1-0704 

1 16-6 p.o. HCl 

S.G. l-lOl 

25-5 p.c. HO 

[ S.Q. 1-133 

I 35-8 p.c. HCl 

S.G. 1-1(508 

1 46-C p,c. HO 






• t 

0 

« 0-99557 

0-99379 

0-99221 , 

0-99079 • 

0-98982 • 

19-6 

1-00000 

1-OOOOQ 

1-00000 • 

f 1-00000 

1-00000 • 

•40 

1-00707 

1-00781 * , 

1-00877 

' • 1-00990 

f 1-01063 

60 

1-01688 

1-01664, . 

1-01794 ' 

l#019f)^ 

1-02108 

80 

1-02639 

1-02676 ^ 

1-02791 

1-02!)86 


100 

1-03855 

1-03841 

1-03867 • 

e 1-01059 • 

• 

t 



• 
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A1 « 79,920; Mn - 49, aW ; Zn = 34,210 ; Fe C. B. 89, 705).— 3. HClAq forms acid^with tlje 
-21,320; Co = 16,190; Ni = 15,070; Sn = 2,510. chlorides of Au, Pt, Pd, and Sn {v. Reactions, 
(Data fromThomsen).— A3. When dilute HClAq ^ No. 13). According to Ditte (A. (^i. 22, 554 

added to a dilute solution of a chloride of an j some metallic chlorides, e.g. I^C1„ dissolve 
alkali, alkaline earth, or magnesian, metal, little I in HClAq to form definite compounds, e.g. 
or no thermal change ocoi^a; but when a I H"Ch.HC1.7IPO ; SbCls.S^Cl, &c. — 4. With 
solution of chloride of Au, Pt,'Pd, or Sn is water to form HC1.2H,(jj^ prepared, as un- 
used a considerable quantity of heat is produced : stable crystals decomposing quickly in air, by 
thus, [Au’CPAq, 2HClAq] = 9,06(f. Several ; passing HCl into IIClAq at -22°; crystals 
acids containing H, Cl, and Au, Pt, Hg, or P(f, I separate, and the temperature suddenly rises 
have been prepared as solids; e.g. R^P^Clg.GH.Q, I to ~ 18° (Pierre a. Puqjdot, C. R. 82, 46, u. also 
HAuCl4.4H.p &c. There can bo li^,le doubt that ; Berthelot, A. Ch. [5] 14, 368). 
solutions of AuCls, &c. in HClAq contain definite Thomsen has measured the heat of dilution of 
acids; the heats of formation of these acids have ’ HCl.nHp with7al^O. Assuming that when 71 = 1 
been calculated from experimental data by the Hp is i#i combination with HCl forming tlw 
Thomsen {Th. 3, 536: t>. also the various hydrate HCl.H.O, then the heat of dilution of 
metals): * HCl.H.O is a continuous hyperbolic function of 


B [B, CP, 2H01Aq] 
Sn 81,000 

Hg . 61(780 

Pd 47,920 

Pt 41,830 


B (B, C1‘, 2HClAq] 
Sn 156,920 

Pd 72,943 (?) 

Pt 81,620 


At [R, 431»^ClAq] 
AU 31,800 * 


The heats of neutralisation of these acids are the 
same as that of H^CljAq, viz. 2 x 13,740 (u. also 
Gold, MEncuRV, P alladium, Platinum, Tin).— 14. 
HClAq dissolves many metallic oxides ; most 
peroxides evolve Cl; carbonates of the alkali and 
alkaline earth metals, and of the heavy metals 
except Ag, dissolve with evolution of CO2 ; most 
metallic sulphides are decomposed and HjS pro- 
duced.— 16. Heated with bromic or iodic acid^ 
HP and BrC*! or ICl are formed.— 16. With 
chloric or hypochlorous acid, and the salts of 
these acids, Cl is evolved (v. further chlokio 

ACID AND CHLORATES, and HYPOCHLOROUS ACID tND 
HYPOCHLORITES, Und^ CHLORINE, OXY-ACIDS OF, 

p. 16).— 17. When cone. HClAq is mixed with 
oono. aqueous nitric acid a yellow liquid is 
formed wWch dissolves Au, Pt, Ac. metals 
which are insoluble in either HClAq or HNOsAq. 
This liquid is known as aqua regia ; its sMvent 
action is due to the presence of Cl and KOCl ; 
HNO^q + SHClAq - 2&jOAq + NOCl + Cl.^. By 
the action of aqua regia on metals chlorides 
are formed; e.q. 2HiNO|Aq 4- 6HClAq + 3Cu 
- SCuCljAq + 2NO + dH^O^ 

According to Gore 29, 641) liquid HCl 

does not act on metals, except A1 which dissolves 
with evolution of H ; it has also no acti^ on 
many oxides, sulphides, and carbongteg, which 
are decomposed by HClAfk 

Combinations, — 1. HCl and NH, ctmbine 
when mixed to form HHpl ; [NH^,HC1] — 41,900 
{Th, 2, 76).— 2. HCl and PH, combine to form 
PHpl, at 14° under pressure of 20 atmospheres, or 
at ~ 80 to - 86° at me ordinary pressure (Ogicr, 


the quantity of Iip added : the equation, heat of 
dilution of HCl.?iH..O with 

\n n+m/ 

11,980, gives values which agree very cloSely 
with the observed results, smarting i-vith 7i.-2'62. 
and varying m fropl 49 to ^)0 ; the coastant 
11,980 is foun^ from the experimental ^results. 
The above formula gives tlfe beat of dilution of 
HCl with 300 HP as 11,940, and th% observed 
value was 17,316 ; the difference, 6376, re- 
presents the quantity of heat produced by the 
union of HCl with Hp to form the hydrate 
HCl.Hp. Thomsen’s remits dojiot indioatC the 
formation of any hydrate except HCl.Hp ; it is 
^fairly probable that the reactions of HClAq with 
hydroxides, metals, &c., are the reactions of thfe 
comjbund HClHp (? = H2C1.0n), and not of 
HCl {Th. 3,pi-13; and 68-72) (u. further 
Chlorides)! * • , M. M. P. M. 

CHLORIC ACID Chlorine, oxy-a^s op. 

CHLORIDES. Binary qpmpounds owCl with 
more positive elemejits ; i.e. with an^ elerftent 
except F or*0. Cl forms compcfhnds Vith all 
q/cments except F; it'^combineS ^irqptly with 

except F, 0, N, and C : r^ucti heaths usually 
produced during the comlBBiation, thus [K*,Cr'^ 
-211,220; [Ca,Cl*]«^9,820’ §Zn,Cl*]- 97,210; 
[Fe*,Cl«] = 192,080 ; [tlu,Cl*]- 61,630; TAn»Cl*] 
^22,820 ; ^H,C1] •-. 22,e00 ; [IPU ^ 6,830^ 

[S*,01=*] - 14,260; [P,C1*] = 76,800, Ac. (^omsen); 
Many metallic chlorides are produced by l^e 
action of Cl on the oxides e.g. ZnCU, Pb(^, 
MgCl^ BaCl,; lower oxides of metllg which 
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farm two oxides— FeO, Sb^®,— are usually 
partly chlorinated apd partly oxidised by Cl, the 
L’gher oxide being usually eventually changed 
to chloride; all metallic oxides are converted 
into .chlorides when mixed with charcoal and 
heMu in a stAam of Cl, thus Cr.^, + 3C + 6C1 
^SCO + CrjClg. Metallic ohloridej a|a also 
foAned by the action pf Cl on iiany* bromides, 
iodides, fluorldbs, a^d sulpllidls: they are 
usually obtained by tkg Action of HClAq on 
metals, metallic oxides, hydroxides, or carbon- 
ates ; in ^me casAs aqua regi9{v. CfooRHYDRio 
acid ; React^s, No. 17) is employed,*e.g. to 
form PtCl|. ^on-metals, except C, N, 0, and F, 
combine*directly with Cl. Nitrogen chloride, 
NClj, is extremely explosive, it is formed by 
Ahe action o4 Cl on various ammonium salts 
in solution ; 4 pCl^, CjCl^, C.^Ola, and CjClg, arc 
formed indirectly from various carbon com- 
pounds: CI2O is formed by the action of Cl «Dn 
HgO,Cl02 by the actioi»)f H,SO^Aq on KClOg ; 
no compound of Cl with F is known. Most 
non-metallic^hlorides are gaseous ; they are 
decomposed by Tifi forming acids and HCl, e.g. 

PClg + 3H.,0 + Aq « HUPOgAq + SHClAq ; 

SiOl, + 3BL,0 + Aq = H.SiO, + 4HClAq. 

Afost of the metallic chlorides are gasifiable 
without decomposition; som# yield lower chlor- 
aies on heating, e.g. CuClj gives GUjCI^ and Cl ; 
a few are completely decomposed into Cl and 
metals, e.g. PdCl^. ‘ A few chlorides are in- 
soluble or neyly^insoluble an water— the chief 
are AgOK, HgCl, Cu.Cl,^, PtCl.^, AuCl— the others 
are soluble in water. Many metallic chlciides 
are decompoled by water, forming oxychlorides 
and HClAq, e.g. BiCl.„ SbClg; on evaporating 
AICljAq, ZnCl^q, MgCl.^q, and a few other 
solutions of chlorides, decomposition into oxide 
and HCl or into (ytyohloride, occurs. Heated in 
superheatecNiteam chlorides of alkali metals, Ba 
aucL Hg, are undec(^nposed ; the others form 
oxides and HCl (Kunheim, J. 1861. 149). Most 
j^etallic chloiides aw unchanged when heated 
mdrj^air; some, however* ^orqj oxychlorides, 
e.g. FeCJls, CuCl.,, ij^Clj ; very many are de- 
composed by healing in moist air. The chlorides 
Aof the alkfcli, alkaline earth, and earth, metals 
are not reduced by heating in H; the other 
^metallic chlorides are reduced ; some chlorides 
*not reduced by H, e.g. AlClj, MgCl^, are dechlor- 
in^ted 1)y. heating with K or Na. Very many 
chlorides are reduced to metal by CO. Some 
chlorides of heavy metals, e.g, AgCl, are partially 
ddcomposed by«digestion with aqi^ous soluUons 
of bromides of alkali, alkaline earth, or Mag- 
nesian, metals (v. Potilitzin, R 18, 1622 ; also 
Thorpe a.Rodge», C. J.Proc. »887-88, 20), Many 
metallifl^lorides are partly decomposed when 
heated with an equivalent quantity of Br to 
270‘*30(P*(v. Potilitzin, B.!l4, 104^; 16,918; 
16, 3061.* Foifaction of Br on AgCl in presence 
of HjO, wESnmpidge, B. 17, 1838). Metallic 
chlorides 8re decoiqj^ed, wiih evolution of Cl, 
by heating with BgQ^iO.^, or PaOj, in presence 
of steaqjL Aqueous acidA, decompose metallic 
chlorides, forming HCl, or in the cases of easily 
reaucible • tcids— e.gf. HNOji- evolWng Cl; Ci 
is also ewilved when cone. H.^SO^ is used in 
prAsence of peroxide of Pb, Mn, Cr, &o. Heated 
with KgCr^ and cone. li^SO^, metallic ohlor-. 
ids* form XrOaClj, which may bo easily con- 


densed to a red liquid ; by the action of NH^Aq 
on this liquid (NH^Cr04^ is formed (this 
reaction may be ap^ed to detect chlorides in 
presence of bromides). 

Some metallic chlorides, especially those of 
Hg, Au, Pt, Pd, and Sn, combine with HCl to form 
acids {v. Chlorhtdrio acid ; Rmclions, No. 13) ; 
maqy-form double salts with other metallic chlor. 
tfos, jspecially the chlorides of the less posi- 
ti^,#vith those of the very positive, metals ; e.g. 
SnCl2.2KCl.H,0, HgCl,.2KCl.H,0, l>tCl4.2NH4Cl, 
(fee. MSny chlorides of the more negative metals, 
e.g. SbClj, BiCl„ SnCl^, &o., combine with ofides 
of the same metals to form oxychlorides ; some 
metallic chlorides, HgClj, combine with 
sulphides of the same pietals to form sulpho- 
ohlorides. Compounds are also known of 
chlorides of some of the more negative metals 
with non-rqetallic chlorides, e.g. SnCl^.PClg, 
SnCl4.2SCl4, &c. . fdany metallic chlorides, e.g. 
CaCl„ APg,,AgCl, CoClj, CrCl,, HgClj, PtCl„ 
combine wl^h NHg to form stable compounds 

Ammonium compounds ; and, in more detail, 
tne various metals, especially Chromium, Cobalt, 
(Jdpper, Mercury, Platinum).# 

Thomson hrfi considered the isomorphism of the 
hydrated metallic chlorides (t>. Th.2, 430). Many 
chlorides prodiiced by the action of HClAq on 
metals or metallic oxides contain water of crystal- 
lisation ; they may be diqjded into the four groups : 
(Ij ECl2.2HjO; (2) BClj.4H,0; (3) BClj-bH^O; 
(4) BCI2.8H.P ; when B = an atom of a divalent, 
or two atoms of a monovalent, metal. The 
members of group (1), whtre B=»Ba, Cu, or 
MnHg, crystallising in the trimetric system, are 
istmorphous with many anhydrous sulphates, 
formates, perchlorates, periodates, and perman- 
ganates, e.g. BaSO^, PbSO^, Ba(CH02)2, KCIO4, 
KIO4, K .Mn .Og, (fee. The members of group (2), 
j where B = Na.,, Mn, Di, Fe, crystallising in the 
[ monoclinic system, are isomorphous with sul- 
phates and formates containing 2H,0, e.g. with 
CaS04.2H20, Zn(CH02)22H30. Group (3) com- 
prises (a) raonoclinio chlorides where B^^Mg, 
Ni, Co, or Mn, these are most probably iso- 
morphous with Cu(CH 02)2-4H20, MnS04.4H20, 
and Ba(S03)2.4H20 ; and (6) heAgonal chlor- 
ides where B = Ca or Sr, and also the class 
E“B'’Cl8.CH20 which mchides salts derived from 
HjPtCIa and H^SnCle, thejse are isomorphous 
with many sulphites and double nitratls with 
4H2O, e.g. Sr(S0,)2.4H20, CeiMgj(N0,)2.4H30, 
iLaNi(N0j)2.4H20, Ac. Group (4) contains 
only one chloride, CoClj.SHjO ; it is isomor- 
phouB.with the chlorates of Co, Cu, and Ni, and 
with tne hypophosphites of Co, Fe, Mg, Ni, and 
Zn, containing 6H,0. £a^h group of chlorides 
is isomorphous with other salts containing 
2H.10 less than the chlorides. Thomsen con- 
cludes that the 2H2O i8ay be best regarded as 
forming part of th^^aoid radicle; he would 
represent the four groups of chlorides as 
Jl) B(H2C10)2; (2) B(H.,C10)2.2H20; 

(3) lip2C10)2.4H20; (4) R(H2C10),.6H20: aU 
being dAri^d from the acid H^CIOH, which 
possibly exists in an tqueous solution of HOI 
{v. OhiSrhydrio aoid; Combinations, No. 4), 
Armstrong {B. A. 1886 Meeting; Presidential 
address to Section A.) suggests that the name 
ohlorhydrio acid should be given to 'the aoid 
present in an aqteous solution of HCl, and that 
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HCl itaeli sliould always be called hydrogen 
chloride. % ^ M. M. P. M. 

CHLORIDE OF ItUli^—Bleacliing powder, v. 
BIPOOULOIUTEU Under Culokine, oxy-acids of 
(p. 17). 

CHLORIDES^ ORGANIC v, Ghlobo- com- 

POUNDS. : 

CHLORINE. Cl. [Dephlogisticated muriatic \ 
acid gas.) At. w. 36-37. Mol. w. 70*74. (r 33*r | 
at 760 mm.l (Regnault). Solidifies at* filn^ut 
•“102° (Olszewski, Af. 5, 127). S.G. (liquid) 
1-33 (Faraday, T. 1823, 160 a. 198). VTD. 36*8 
(v. l^ropcrticSf-p. 11). S.H.p. (13° — 202°) (equal 
mass of H,0 = 1) -1241 (Regnault, Acad. 26, 1). 

S. H.v. (equal mass of*H|0^1) -0928; (equal 
volume of air=»l) 1^35 (Clausius, Median. 

Warmet}ieorie!{im] 1, 62). (20° - 34°) 

1*828 (Strecker, "W, 13, ^ ; *e3;perimcntally 
determined). Vol. absorbed “by 1 vol. H..0 at 
760mm. = 8*0361 - *046 196^ + *0001107f*(Sch6n- 

field, A. 95, 1). ^ (Gladstoiv, 

T. 1870. 9). E»ission-spectrum; principal lines 
are a group of 4 about 6670, follo'(fed by 9 others 
and then by one with wave-length 4130 (Salet, 

A. Ch. [4] 28, 24). Absorption-sppctrum marked 
by many irregularly distributed lines ; the violet 
is nearly wholly absorbed (Morren, C. R. 68, 
376; Gernez, C. R. 74, 660). 

Chlorine was discovered by Scheele in 1774 
and supposed by him to be hydrochloric acid de- 
prived of jiililogistitn. Berthollet regarded it as 
oxygenated hydrochloric acid; chlorine and hydro- 
chloric acid were long supposed to be oxyjfen ' 
compounds of an unknown element. In 1809 
Gay-Lussac and Thdnard, showed that chlorine 
behaves like an element ; in 1810 Davy estab- 
lished the elementary character of the body and 
gave it the name chlorine (x^«^p4s = yellowy- 
green) (Scheele, Opusc. I,2i7 ; Berthollet, ilcacZ. 
1785. 286 ; Davy, T. 1810 ; Gay-Lussac a. 
Th6nard, G. A. 35, 8; A. Ch. 91, 96). 

Occurrence . — Never free; but in combination 
with very many metals in various rocks ; in 
Bca-water asi^aCl; chlorides occur in plant-ash 
and in many parts of ahijpals. 

Formation. — 1. By the action of cone. 
HClAq on MnO, (M^O^ -f- 4HClAq • 

»» MnCljAq -f- 2H2O + Clj) ; or better by using 
1 part MnOj, 2 parts HClAq (S.G. 1-14), 
and 1 part cone. H2SO4 diluted with its own< 
weight of water (MnOj + 2HCiAq -f- H^SO^ 
- MnSO^Aq + 2H2O + Clj). — *2. By the action 
of cone. HgSO^ on a mixture of NaCl and 
NaNO, ; the NO, produced is absorlJed by 
cone. H2SO4 (2NaCl + 2NaNO, -1- 2H.SO4 
-2Na,S04 + 2N0.2 + 2H2O -f Cl^) (DuiAop, 
D. P. J. 151, 48).— 3.* By the action of a 
porous substance, e.g. clajL on HCl mixed with 
air. Deacon (C. N. 92, 167) soaks clay-bricks 
in saturated CuSO^Aq, and heats th^ to 
870° — 400° in a stream of 5 vols. air and 4 vols. 
HCl ; Cl is evolved (v. Deacon, A [2] 10, 
276). Probably CuClj fc formed and decom- 
posed to CujClj and jpi, and the Cu.^Cljfb again 
decomposed by the air to CuO and Cl, the CuO 
being changed to CuCl, by the HCl (Hengsen, 

B. 9, 1674). 

Preparation, — 1. 100 glams pyrolusite | 


(MnOj) free from carbonates are Well mixed ^ 
with 130 grams NaCl, and placed in a capacious 
flask ; a cold mixture of 125 0.0. cone. H-^SO^ 4 
(S.G. 1*85) with 105 c.o. water is addq^. Cl is 
evolved ; after a time the flask is warme^in a 
water bath ; about 80 grams of ^1 are oVlii^ 
able f|om Jhe above quantities. The Cl carries 
over with It a NttleHCl, qnd sometimes MnCL^ ; 
it is passed ^hfough Ci^O^A^ (CuCUAq and 
H.BO4 are fbrmed) Wn^then through water. If ■ 
dry Cl is required the gas must be passed 
through s^veraF tubes confaining flaCl^ and 
through one or two long tubM fidled with 
pumice soaked in boiled HjSO.. The gas may 
be collected by downward displac^ent, or 
over warm water or saturated NaClAq. — 2. 
Crystals of K^Cr^O, are acted gonoby con(3t 
HClAq in a capacious flask, tlie acid being 
added little by little (14HClAq -f K^CrjO, 
=^r2Cl«Aq -f- 2KC1 Aq mfO + 3C1.,).— Chlor- 
ide of lime is decompoajfd by HClAq 
(Ca(ClO)., -t- 4HClAq - CaCl.Aq + 2H,0 + 2Clj). * 
Kammerer {B. 9, 1548) doscril^s a lecture- 
apparatus for the convenient preparation of 
Cl, based on this ruction. Dry chloride of 
lime, intimately mixed with burnt gypsum, 
is slightly moistened so that it can be rolled 
With difficulty in4o balls between the lingers; 
the mixture is powdered in an iron mortaw 
and then beaten into an iron frame 10-12 ram, 
in height; the frame is then covered with 
oilcloth and very stfongly con^re||ped; the com- 
pressed plate is cut into cubes, i^ich fire pre- 
scrvfd in a stoppeied bottle. When these cubes 
are used in a Kipp’s apparatus wtth HClAq of 
S.G. 1*124 (free from H^SO^) diluted with its 
own volume of water, a steady stream of chlorine 
is obtained (Winkler, B. 20, 184). 

Liquid Chlorine is prepared (Faraday, T. 

! 1823. 160 & 198) by placing crystal# of Cl.SH.^O, 

! thoroughly pressed betv^en folds of ppi¥)r 
at 0°, in the closed end of a ^ tube, closing 
the other end, placing the«C1.6Hp in water a^ 
35°, and the ^thef*limb of^he tube in % mix- 
ture of snow and salt (ix also Biewep^, J. pr. 

15, 440). Mohr (.4. 22, I02) places a mixture of 
dry KIISO4, NaCl, and MnOj in the l#nger limb* 
of a A tube, and above this a layer of CaClj ; 
the shorter limb is closed, and placed in a mix- 
ture of snow and salt: the mixture in the* 
longer limb is then heated, and, when liquid Cl 
has collected in the other limb, is again cooled 
* to prevent ro-absorption of the Cl. The opera- 
I tion must be conducted in the 4ark, else HCl 
j antfc are produced, and the tube is liable to be 
j broken, l^iqnid Cl is solidified by surrounding 
with liquid C^IL^and loweri»g the pressure 
(Olszewifeii, Af. 5, 127). % 

Properties.— k ^eonfsk-yellow gas. lecoming 
darker in cplour wLen heated ; ver/irrititing 
odour ; liquefied at 16° unj)er pressure of 4 atmo- 
spheres (Faraday, T. 1^3. 160ifel9^);fit 0° under 
pressure of 6 atniospher^an^ at ft '5° under 
I 8| atmos. (Niemann). Liquid Cl is dark yellow; 
immiscible wife wajer ; S.G. 4*33 ; B.J. - 83*6® 

^ 760 mm.-; non-conductor of electricity (Beg« 
nault). Very poisonoift; even xUffen inij&d 
with much air it attacks the mucous membranes 
and causes irritation and even blood-spittiiPg. 
.When working with Cl, the nose and mouth 
should be protaoted by a oharooal respirsijior, or 
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bj a olotH dipped in alcohol. tAbsorbed by 
porous substances, charcoal, with production 
of heat h. Melsens, C. B. 76, 92) ; not combus- 
tible in Oj but burns in H producing HCl. Dis- 
solvewn water With production of heat, [Cl*,Aq] 
(Th. 2,* 400). SchOntield gives these 
iata (A. 93, 26 ; 95, 8) . $ 

1 vol. water af^sorhs-x vols. (^§t tSo mm. 



X 

t° 

• ® • 

t°. 

X 

10 

2-6852 

21 

2^48 1 

31 

1-7104 

11 

2-54^3 


2-0734 

32« 

1-6712 

12 

2-4977 

23 

2-0322 

83 

1-6322 

13 

2-4543# 

24 

1-9912 

34 

1-5934 

14 

2-4*11 

25 

1-9504 

35 

1-5550 

15 

2-3681 

26 

1-9099 

36 

1-6166 

,16 

2-3253 

27 

1-8695 

37 

1-4785 

17 

2-2828 ^ 

28 

1-8295 

38 

1-4406 

18 

2-2405 • 

29 

1-7895 

89 

1-4029 

19 

2-1984 

30^ 

>1-7499 

40 

1-3655 

20 

2-15G5 ! 






Solubility is greatest at 10° ; chlorino-water is 
therefore best^repared by leading Cl into H_jO 
kept at about 10' and repeatedly shaking. 
Solution of Cl in Hp has^mell of gaseous Cl; 
it freezes at 0°, giving Cl hydrate and ice (v. Com- 
binalions, No. 3) ; loses all Cl^on boiling (on loss 
of Cl from Cl-wator at 100° in*closed vessels, v. 
Bickering, C. J. 37, 139) ; decomposes quickly 
in direct sunlight into HCl and 0. The pre- 
sence of HCl in Cl-water is detected by shaking 
with Hg until ^e^mell of Ci is removed, tiller- 
ing, and* testing filtrate with blue litmus and 
with AgNOjAa. p 

. The atomro weight of Cl has been determined 
(1) by analyses, and determinations of V.D., of 
many gaseous compounds, e.g, CIH, ClTl, 
CljZn, Cljlli, C1,C, Ci;ra, CLW, <&c. ; (2) by 
comparison of oh|prides, &c., with isomorphous 
bromides, ioAides, <feo.; (3) by conversion of Ag 
intip AgCl by Berzelius (P, 8, 17); by conversion 
of l^aClOs and KCIO^ into NaCl and KCl by 
Penny {T. 129^25); byconversion of KClOj to 
iftll, and KCIO^ to KCl, by lflg,rignac {A. 44, 18) ; 
by convqjrsion of KClOj to KCl by heat, and by 
decomposition of JtCfLj by HCl, by Stas {Bech. 
il8) ; by heating Ag in Cl, by ppg. Ag solution 
by gaseous HCl, also by HClAq, also by 
NH^ClAq, by Stas [Reck. 38, 42, 44) ; by reducing 
JlgClOj by SO^Aq by Stas {Nouv. R. 208). 

The atom of .Cl is Monovalent in gaseous 
molecules. Cl acts as a very negative, acid- 
forming, element ; it appears to be positive to 
0, and probably to F. Combines.with all ele- 
ments except F, directly with all except Nf 0, 
C, and F , with many elements jcombination 
occurs at ordinary temperatur«3 with p*roduction 
of muoh^eat {v, Ciiloridks^. Replaco«ient of 
H in carabn oompoun(^*by Cl is usually accora- 
pani^ by •production, or ftoroasG„ of acidic 
3haracterf e.g. ^’dative affinity of CHaCl.CO^H 
s greater tlpiai^ that of CH,.CO H (u. Ai^'finity, i 
rol. i. p. 8^. Iltatq of formfg,ion, in solution, 
)f metallic chlorides we greater than those of 
iorrespoiffiing bromides or i^idesf bromides are 
vholly or partially decomposed, iodides are easilt 
lecbmposeft^y Cl. At Hast two oxides of Cl are 
mown as guses ; one oxy-acid, HCIO^, has been 
>bt^ned in separate and definite form {v. 
iHLORiDBa; Halookn elements; and Halooen 
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The S.G. of Cl gas at 200° was found by Lud- 
wig to be 2-45 (air - 1^(B. 1,«32). Many deter- 
minations have been made by V. Meyer and his 
pupils, using Cl prepared before and also during 
the experiments ; the general result is that the 
S.G. of Cl is very slightly, if at f,ll, less at high 
temperatures, 1000°-1400°, than at a red heat 
h. Langer a. Meyer, B. 15, 2769 ; also Crafts, 
A 16,^57) ; but that the S.G. of Cl formed in 
thq apparatus by heating PtClj at 1200°, is 2*05 
(air = l^ in place of 2-45 calculated for (jl^ (y. 
V. Meyer, B. 13, 721). The determinations of 
Jahn {B. 15, 1242) show that Cl does not atfain 
the S.G. calculated for Cl,^ until it* is heated to 
about 240° above its* BTP. ; the differences be- 
tween the observed and ialculated numbers are 
hiwever very small, much less than the differ- 
ences in the case of Br {q. v.) (y. Halogen ele- 
ments). , • 

Reactions. — 1.,(# dissolves in water with pro- 
duction ofi/ieaj; [Cl'%Aq] - 2,600 {Th. 2, 400) ; the 
solution decomposes, rapidly in direct sunlight, 
w^h formation of IICl and 0 ; according to 
Popper {A. 227, 161) HCIO3 is also formed. 
Cklorine water therefore acts as An oxidiser, e.g. 
in bleaching fPoussuint, A. 137, 114). The 
thermal value is, 2[II,C1, Aq] - [HSOJ - 10,270 
(Thomsen). — 2»C1 decomposes steam rapidly 
when a mixture of the two is passed through a 
red-hot tube.— 3. Aqueo»s solutions of potos A (or 
soda) absorb Cl, yielding KCl and KCIO in cold, 
and KCl and KCIO^ in hot, solution : Ca(OH)a 
absorbs Cl forming CaOCl.Cl.— 4. Aqueous am- 
monia yields NH^Cl and N ; ff Cl is in excess 
chloride of N is formed.— 5. The more basic 
metallic oxides are decomposed by Cl, when dis- 
solved or suspended in water, with formation 
of metallic chloride and peroxide, or metallic 
chloride and an oxygen compoimd of Cl (y. 
CiiLouiNR, OXIDES Of). Many metallic oxides 
when heated in Cl give chlorides and 0; in 
some cases, e.g. ALOj, 0 is removed only 
when Cl is passed over a hot mixture of the 
oxide with carbon. — 6. All compounds of hydro- 
gen, except HF, are decomposed by Cl with 
formation of HCl ; many at ordinary tempera- 
tures ; e.g. H.P.HjAs, ILH, HI.— 7.^ All meiallic 
hromules, iodides, and sjiiphides are decomposed 
either at ordinary or h^dier temperatures.— 
8. Odrhon compotmds conta^nhig hydrogen are 
usually easily decomposed by Cl, with forAation 
of HCl, and frequently with separation of C; 
Cturpentine e.g. burns in Cl with a deposit of 
soot. Homo vegetable colours are bleached by 
Cl by (hrect removill of H ; in most cases, how- 
ever, tne action requires the presence of H.^O 
and is ^ue to the 0 evolveii in contact with the 
colouring matter. (For the reactions of Cl with 
Ag splits V. Krutwig, B. 14, 304.)— p. An aqueous 
solution of sodium tMosulphate is decom. 
posed by Cl ; the jhief reactions are (1) 
Na.SAAq + 5H,0-r8Cl 
^ Na,HO>q + SHClAq -f- H*SO,Aq ; 

• (2) Na,.S.AAq-t-2CUH,0 

- Na.,SO,1^q»f 2HClAq -h S ; (3) + Cl, 

^Na^S^OsAq-H 2NaClAqf On dilution H,S is 
evolved ;*probably, 2Na;jSj03^q 

» Na.^S,0„Aq -j- Na.^SAq ; and then 
Na^SAq + 2HClAq (formed as in (1)) 

, «2NaClAq + H,iS (v. Lunge, B. 12, 404).— 10. 
Many saUs are delomposed by 01 with formation 
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cf sineoQS salotioiu of HOlO : t.g. 

Na2CO;Aq + B^O + 2Cl, 

» 2NaClAq + 2HOClAq + CO., ; 

OaCO, (suspended in R,0) + H^O + 201, 

» CaOljAq + COj + 2H0ClAq : (t?. Ohlobinb, oxt- 
AOins of). — 11. Iodine suspended in water is 
converted into HIO, : IjAq + 601, + 6HjO 
-2HIO^q + 10HClAq. 

CombmatioTis. — 1. Directly with all eZJjjenw 
except 0, N^ikC, and F; indirectly also with 
0, N, and G. In most oases much heat is produced 
(c. Chloiudes). Dry Cl has no action on dry 
Na (Wanklyn,. C. N. 20, 271); K, Na, and Sb, 
do not combine with liquid Cl at '-80®; P and 
As on the other hand combfne readily (Donny a. 
Mareska, A, 66, 160). TThe combination of m 
and H takes place slowly in the dark, but very 
rapidly and explosively in direqt sunlight, in 
electric light, in Mg light, o%in the light pro- 
duced by burning CS, in NO; [H, Cll^== 22,000 
(Thomsen). For more details regardin^he com- 
bination of Cl and H v. CHLORHYDunf Acid, p. 6 : 
also Chemical change, vol. i. p. 749. — 2. Cl coif* 
densed in charcoal combines, without the aid^ 
heat or light, witn sulphur dioxide form SO.^dlj 
(Melsens, 0. R. 76, 92).— 3. Cl combines with 
water: when a saturated aqueous solution is 
cooled to 0®, or when Cl is led mto H.,0 kept 
nearly at 0®, crystals of Cl.SH^O separate out 
(Faraday, Q. J. S. 16, *71). This hydrate is 
best prepared by passing Cl into a little water 
in a flask surrounded by ice, till the water is 
changed to a thick yellowish magma; and then 
pressing strongly between thick layers of paper 
kept at 0®. CI.6H2O at - 60® forms white tji- 
metrio octahedra, which may be sublimed (? with 
partial decomposition) in a closed vessel filled 
with Cl, the upper part being kept below 0®. 
CI.6H2O decomposes at ordinary temperatures 
and pressures with evolution of Gland formation 
of Cl water ; in a closed tube it separates into 
Cl and H.,0 at about 36® ; on cooling to 16® or 
so the C1.6HjO is re-formed (0. p. 10, Liquid 
chlorine) (compare W6hler, A. 86, 374). 

Detection and Estimation. — Chlorine decom- 
poses KlAq giving KCIAq and lAq, the I is 
detected by the blue colour it produces with 
starch paste. Soluble qhltrides ppt. Ag as white 
AgCl from AgNOjAq. Solid chlorides w^jen 
heated grith KaCr^Oy^and cone. H3SO4 produce 
gaseous CrOjClj which is easily condensed to a 
reddish-brown liquid ; bromides and iodides 
under similar conditions give Br and I re- 
spectively. ^ 

Chlorine in dilute aqueous solutions rtfay be 
estimated volumetrically (1) by determining the 
mass of I (by means of standardised Na.,S20,Aq) 
set free from KIAq by the Cl, or (2) by gently 
warming in a closed gessel with excess of 
Na^SjOjAq— whereby part of the Na,S,0, is 
ehanged to NaHSO^— decoftiposing the remain- 
ing NajSjO, by boiling with HClAq, and esti- 
mating the smphate produced by the %sual 
methods. Chlorides, in solution, luayjbe esti- 
mated (1) by ppg. as i|^l, washing, drying, 
slightly fusing, and weighing ; or (2) volpmetri- 
oaUy by means of fitandardised AgNO,Aq, in 
presence of a very little KjCrO^Aq ; the AgNO,Aq 
is added until the whole of the chlorine is ppd. 
as AgCl, the completion of th% reaction being 
determined by noticing the production of red 


Ag2Cr04 : the chloride ought to be present in 
the liquid as alkali or alkaline-earth chloride ; 
the liquid must be neutral to litmus. The re- 
action of chlorides with KjCrjO, and cone. 
H2SO4 may also be applied to the estimf^on 
of Cl in presence of I and Br (v. Deohan, 7T. A 
[2] 49,^82/. ^ M. M. P. M. 

CHLOElNBk JB£0HID£ 01^ better oaUed 
Bromine chtpride ; v. BroiCinb. 

CHLORINE, GTANIDES OF: better called 
Cyanogen ojilori^s ; v. CTANqoEN. g 

CHLORINE, HYDRATE OF. CI.6X0. Ob- 
tained by passing Cl into H3O attO® ; v. Chlo- 
KiNE ; Combinations^ No. 3. • 

CHLORINE, IODIDES OF: ICl and ICl/: 
better called Iodine chlorides ; v. Iodine. 

CHLORINE, OXIDES OF. tlhlSrine and 
oxygen do not combine directly, two oxides of 
Cl, CLO and CIO^, certai|^ly exist ; a third is 
usually described as CJ^j, but it is probably a 
mixture of ClOo and Cl*v. Chlorine trioxide). 
They are all unstable bodies, easily decomposing 
into their elements. Cip is t#e anhydride 
of HCIO, but this acid Js known only in dilute 
aqueous solutions. Tne anhydride Cip cannot 
be obtained from solutions of the acid; CljO 
is prepared by the«action of Cl on dry HgO. 
The supposed Cl.^Os is said to be obtained bv 
reducing HClOjAq, generally by A84O6. CIO.; it 
not an anhydride of a definite acid ; it is obtained 
by the action of H,,S04Aq on KClOg ; on addition 
of H;0, or KOHAq, it fornfe HClO.Aq and 
HClOgAq, or KClO.^Aq and KClO^Aq. The hypo- 
tlietical anhydrides of HCIO3 aniHC104, viz. 
CI2O5 and C1.,.0„ are unknown. The heat of 
formation of C1.;0 is negative ; [Cl',0] = - 17,900 
(Thomsen). The heat of formation of the only 
known oxide of I, viz. I^Oj, has a large positive 
value = 46,000 (Thomsefl). ^ 

Bertholot discovered KCIO3 in nSC ; it was 
long known as oxidised ^potassium chlomde. 
Other compounds containing Cl and 0 were 
prepared and examined ty Che^enix (1802)» 
Stadion and Davy (T816), an# by Balard (1834). 
Millon in 1843 added mucla to the kno'W^edge of 
the oxy- compounds of Cl. In ?iiore recent timea^ 
Carius, Brandau, and Pebal have examined* 
these compounds. The body called by Davy 
euchlonne, obtained by the action of HClAq on 
KCIO3, and supposed by kim to be an oxide of 
Cl, has been proved to be a mixture of ClOj with 
jCl. Millon’s compounds ClgO,3 and ClgO,, have 
also been shown to be mixtures (H. Davy, T. 
181% 214 ; (Ifey-Lussac, A, CK 8, 408 ; Sou- 
beiran, A, Ch. 48, 113 ; J. Davy, N. Ed. P. J. 17, 
49 ; Millon^ A. Cfc. j;3] 7, 298 ; Pebal, A. 177, 1). 

I. Chlorine MONgxiDB. CljO? {Hypochlmous 
anhydriae,) Mol. w. 8ip'7. (6° at 718 mm.) 

(Garzarolli^i^umlaekh, A, 230, 2741). j^.D. 

43-6 at 10®.#P,OJ = - 17,930 {1% 2, 3B9). S.G. 
^*977 (air «i'*l). Abserption-spectrum showi 
bands in blue and violet (Geme^, C.jf. 74, 803). 
S. (0®) about 200. • «• 

Preporafio%— Pr^ipitated^gO is heated to 
about 300® for some ^e, ancT cooled ^elouze, 
AK 46, 196)^ it is place^ in a lone Jbube sur- 
rounded by water ; well washed and^horoughly 
dried Cl is passed through the tubef The re- 
action is HgO + 2CI2 => HgClg + CljO ; the CljO* fa 
passed into dry flasks; as each isifilled it ia 
closed with a glass stopper which ia theii 
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' Mvered with paraffin. If liquid 0^0 is required 
the tube containing HgO is connected with a Y 
tube, the upper part of which is cooled to at 
least -2d°. Ladenburg (JB. 17, 167) recommends 
ooo^jj^ by alcohol, the temperature of which is 
if duoed to - 40 by a small ammonia-froezing 
machine— dry test tubes surrounijled hy ic® and 
salt are placed ^ndcr* the Y and a few | 
drops of CljO are colfected- in eaclk tube. In | 
'this way the principal fd^ctions of liquid Cip 
may be deiQonstrat^d without d^nger«(v. Laden- 
burg, Z.C.). If crystalline HgO is used, no action 
occurs betweaf it and Cl ; if ordinary ppd. HgO 
is employed the action is too rapid, much heat 
is devolved, and no CljO, but only 0, is obtained. 

^ Pr(^rties, -llcddibli-jollow gas, with very 
irritating 8doi!?r: condenses at about -20° to a 
blood-red liqtfid which boils at about —17° 
(Pelouze, A. Ch, [617, 176). Both gas and 
liquid ai» very easi^ decomposed, sometinTes 
with violent explosion, into Cl and 0 ; pouring 
the liquid from one glass vessel to another, or 


I Rc/crences.— Berthollet, 

2, 183. Wagemann, 117. A. 85, 115. Geiger, 
11. P. 16, 40. Grouvelle, A. Ch. 17, 37. Ber- 
zelius, P. 12, 629. Liebig, P. 16, 641. Sou- 
beiran, A. Ch. 48, 113. Balard, A. Ch. 67, 226. 
Martens, A. Ch. 61, 193. Gay-Lussac, C. B. 
14, 927. Pelouze, A. Ch. [3] 7, 176. Kolb, 
4. Ch. [4] 12,266. 

Il.b Chlorine peroxide. OIO2. {Chlorim 
dioxme or tetroxide.) Mol. w. 67'29. V.D. 
38-6 , Hi4-5 at 10‘7° and 718 mm. (Pebal a. 
Schachcrl, A. 213, 113). S.G. 2-316 (air - 1^. 

Preparation. ■>— 1. About lOCt grams pure 
cone. HoSO, is placed, in a platinum dish 
surrounded by snow^ and salt; from 16 to 20 
{'f ams dry finely powdere*d KCIO, is added little 
by little, with stirring with a glass rod after 
each addition. ^ When so much KCIO, has been 
added that the consents of the dish form a thick 
oily liquid, this is carefully poured through a 
funnel in?b a glass flask, with the neck drawn 
out, of a sizb such that it is not more than one- 


contact with fPscratch on the glass, may sullice I 
to bring about an explosmn. Rise of tempera- 
ture, or the action of electric sparks, causes the 
gas to explode, with production of Cl and 0 
(Balard, A. Ch. 57, 225; Gay-Lussac, C. H. 14, 
927). The gas is said to dccdhipose in sunlight 
vlJthout explosion into 01 and 0, the volumes of 
these gases being as 2:1. 

lieactions and Co7nbinatJons.—l. Powdered 
metals i^rm cllloiSdes and oxides, or oxychlor- 
ides, frequently with explosion.— 2. Many nic- 
tallic oxides aeaot with the gas to form chloiides 
and higher oxides ; Ag^O gives AgCl and 0. — 
3. Phosphorus, Sulphur, and Selenion, form 
chlorides and oxides, with explosion. — 4. Hy- 
drogen, in sunlight, decomposes the gas ex- 
plosively, pr^ucihg HCl and H^O.— 5. Freshly 
heated carbm, cooled under Hg, detonates in 
Cl^ Cl, 0, and a kittle CO, arc formed.— 6. 
Hydrochloric acid gas forms HoO and Cl. — 
% Acetic anhydride, (CoH3(i)20, absorbs the gas 
forming the very uifbtablc cofhpoimd CjHjO.OCl 
(Schiitzftiberger, Cj R. 63, 638).— 8. The liquid 
CljO sinks in ledfer, and then slowly dissolves 
forming HtllOAq (q. v.). Water at 0° absorbs 
more than 200 times its volume of gaseous 
431,0 : the solution contains HCIO. 

Method of Analysis The gas was slowly 
Mssed through a narrow glass tube with three 
bulbs blown on it, the part of the tube before 
the first bulb being heated ; by this means the ' 
gas was decomposed, and the thrdb bulbs jKdre 
filled with the products of this decomposiuon, 
viz., 01 and 0. The bulbs- "v^ere staled by the 
blowpipe, and laoh was t^en opened under 
KOHAq jiphe Cl was thjis absorbed while the 0 
remaineL# The volulne of*KOH-^ was mea- 
sured ; th0 builds were filled* with l^HAq and 
the total volume was determined. The result| 
was that 2 JoH. CH were found in each bulb with 
1 vol. 0. The wei|bt8 of €l and 0 formed 
were calculated, the weight of the volume 
of the uniecomposed gas wBich the bulb would 
coptain when full w^ calculate^ from th# 
observed S.6). of the gas. It was thus found 
th{it 2 vol8.’'*'of the gas are decomposed by heat 
intcP2 vols. Cl and 1 vol. 0. This calculation 
assurues th»t the gas entering the small bulb 
contains no free Cl or 0 (Regnault). 


tnird filled with the liquid. The greatest care 
nyist be taken to keep the neck jif the flask per- 
fectly free fre^n the oily liquim The flask is 
kept cold ; a piece of glass tubing of the sams 
diameter as th^ end of the drawn-out neck of 
the flask is pressed closely against the end d 
this neck, and the joint is made tight by caou 
tchouc. The flask is th A placed in a water bath 
and very slowly heated to 20°, and after Bom^ 
time to 30°-40° ; the gas is collected, by down- 
ward displacement, in smal^ dry flasks, or it 
may be liquefied by passing into small tubes 
Bu^’-rounded by snow and salt. The whole opera- 
tion is best conducted by gas-light (Millou, 
J. pr. 29, 401 ; Cohn, J. pr. 83, 54). If the 
liquid is prepared each tube should not contain 
more than 1 or 2 drops ; the liquid is frightfully 
explosive. The gas prepared as above always 
contains a little Cl and 0.-2. According to 
Jacquelain (A. Ch. 30, 339) fairly pure CIO, 
may be obtained by the action of a mixture of 
equal volumes of cono. H2SO4 and water on 
pure KCIO.,, in a flask with a long neck, placed 
in water at 70° so that half the jneok is im- 
mersed.— 3. If a very intimate mixture of 3 pts. 
finely powdered KClOj^w^th 13 pts. finely pow- 
der^ crystallised oxalic acid is warmed in an 
oil bath to 70° a mixture «>f CIO, and ^0, is 
evolved regularly and without danger; five- 
^sixths of the Cl of the KCIO, forms CIO, ais. 
one-sixth remains as KCl (Calvert a. Davies 
C. J. 11, 193; V. abo Schacherl, A. 206, 76). 

Pr&perties. — Yellowish-green gas, oondenu. 
ing (bj» snow and salt) to a red-brown liquid , 
and solidifying at about -^9° (ether and solid 
CO„ in vacuo) to hard, brittle crystals, resem- 
bling KjCijO, in appeai^nce (Faraday, T. 1845. 
166). Both gas and liquid are frightfully ex- 
plosive; explosions Often occur without any 
assignable cause. S.G. of liquid CIO, about 1*6. 
B.P. ^out 9° (Pebal, A. 177, 1). In a vessel - 
wholly m^de of glass, liquid CIO, boils at 9*9° 
under pressure of 780*9irnm. without explosion 
(Schachfrl, A. 204, 68). The gas has an irri- 
tating odour, resembling tlAit of NO,; it does 
not affect litmus paper; it is unchanged in 
the dark, but decomposes, usually explosively, 
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dised hodieSf e.g. f , or S, bum in CIO,, usually 
with explosion.— 2. Md^cury absorbs the gas 
and decomposes it with detonation. — 3. Hydro- 
gen (8 vols. H + 3 vols. CIO2) decomposes ClOj 
explosively in presence of spongy Pt, or of elec- 
tric sparks, forming H.p and HCl (Blundell, P. 
2, 210 ; Stadion, O. A. 52, 197 a. 339).— 4. Ao- 
ooiiding to Kammerer (P. 138, 404) bromine and 
iodine do not react with gaseous CIO.,. — (^Many 
organic confpounds cause explosion of ClOo at 
ordinary temperatures. — 0. Liquid CIO3 ex- 
plodes when a piece of potash is placed in it ; if 
water is present, a mixture of equal equivalents 
of KClOj and KCIO., isJormod, much heat being 
produced. — 7. Liquid Cldj sinks in water-, on 
shaking, much gas ifi given off, an explos^n 
usually takes place, and the water contains 
HClO-j and HClOg. If the water is kept at 0^ 
yellow crystals are formed which cannot be 
melted without evolution of considerable quan- 
tities of gas (Millon, A. Gh. [3] *>, 2‘j5). Water 
at 4° absorbs about 20 times its'own volume 
of gaseous ClOj, with formation of HClO^fi-q 
and HOlOjAq. (Millon, l.c.) ; this solution de- 
composes in sunlight, giving ofl^Cl and 0, and 
after a time only HCIO* remains in solution.— 
8. ConQ..sidphuric acid at - 18® absorbs about 
20 times its own volume of gfseous ClOj, be- 
coming yellow in colour; on removing the 
acid from the freezftig mixture the colour 
changes to reddish ; at 10®-15® CIO^, Cl.jOg (?), 
and a mixture of Cl and O in the proportion of 
2 vols. to 3 vols.j^re evolved ; when gas ceases 
to come off, the residue contains HCIO, (Sta- 
tion, a A. 62, 197 a. 339 ; Millon, A. Ch, 7, 
298). 

Method of Analysis. — (Pebal, A. 177, 1; 
218, 112). The gas was prepared by gently 
warming HjSO^Aq (1 vol. cone, acid to 2 vols. 
water) with a mixture of oxalic acid and po- 
tassium chlorate ; it was washed by passing 
through a little water, dried by CaCl.^, and 
liquehed in a small glass bulb with two glass 
necks surrounded by CaClj and snow. When 
about 3 C.O. of the liquid were obtained, the 
evolution Cj^ gas was stopped; one neck of 
the glass bulb was closed, and the other was 
connected with a gjfis# tube, furnished with 
glass stop-cooks, placed in water. The fregzing 
mixture was remtved, and gaseous CIO, was 
allowed to pass slowly through the glass tube 
till all air was removed ; the stop-cocks of the 
tube were then closed, and the temperature or 
the water and the reading of the barometer were 
determined. The glass tube full of GftOj was 
surrounded by fine wire gauze (in case a« ex]ilo- 
sion should occur),* and the water was gently 
warmed until decomposition of the ga^ oc- 
curred; the tomperatuie of the water was then 
allowed to come back to the first reading. The 
mixed gases, or a portion of them, were then ^ 
transferred to a similar graduated glass tube, 
filled with saturated NaClAq containing little 
ClAq and placed in a cylinder full oLthe same 
solution; this solution absorbs hUrdiy any Cl 
from a mixture of Cl and 0. The volume of Cl 
in the known volfime of the mixed gases was 
determined by absorption by KlAq. The fol- 
lowing results were oMained ; 

(1) Volume - expansion 09 decomposition ' 
23*9:36-44 = 2;306; 
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(2) Ratio of Cl-volume to 0-volume 11*1 :28‘!f 
= 1:209; 

(3) Ratio of 0-volume to expansion 

24-06:12‘54 = 1*96:1; • 

that is, 2 vols. chlorine peroxid* yields 2^1s. 0 
and 1 vol. Cl. Thou from the weights of 0 iftid 
Cl obtaiijbd, 04 d the weight of chlorine peroxide 
used (calculated from the obsirved S.G. of the 
three gasea) the fojmu^a^ClOj is deduced. It ig 
possible that ihe ga8 at low temperatures, or 
the liquid, m#iy have th% compotition Cl-^Oj. 
ClOo may also be analysed by allowing the 
liquid to act on FeSO,Aq and ditermining the 
Fe.^SSO^ and the HCl produced ; • 

I lOFeSO.Aq -h fill, SO, Aq + 2C10., 

' ^6Fe.^3SO,Aq + 2HClAq i 4II2O (i;^ Garzaro^i- 
Thurnlackh, A. 209, 205). * 

I References . — Stadion, (7. .4.^2, 197 a. 339. 

i Davy, '1\ 1815. 214. Gaji-Lursac, A. Ch. 8, 408, 

1 Soubeiran, A. Ch. 48, 113. J. Davy, N\ Ed. 1\ J. 
17, 49. Millon, A. Ch. [3] 7, 298. Calvert a.< 
Davies, C. J. 11, 193. Cohn, pr. 85, 53. 

Faraday, T. 1845. 155. Blunfflll, P. 2, 216. 
Kammerer, P. 138,^404. Pebal, A. 177, 1. 
Garzarolli-Thurnlackh, A. 209, 184. 

III. Chlorine trioxide. CljOj. {Chlorous 
anhydride.) The* existence of this body is 
very doubtful. Ithe results obtained by Millon, 
Carius, Schiel, &c. differed considerably; thus 
Millon could not liquefy the gas he obtained ; 

I Schiel and others gbtained a dark reddish-brown 
j liquid by passing the gas iftto% tuljji in snow 
' and salt, Brandau determined the S.G. of the 
gas* to be 4*07 at 9®, 4 02 at ir, and 3*17 at 
16®; Millon gave the S.G. as 2*65 and Schiel 
us 2*6-2*73. (The calculated S.G. of CljO, is 
4*109, air = l.) The gas was analysed by 
Millon by passing it over hot Cu and deter- 
' mining the CuCU formed ; Bfand^u dissolved in 
water and titrated with KIAq, he also reduced 
by HNO.^Aq and estiraatdH the Cl. The ft^hlts 
cannot be regarded as satisfactory. Garzarolli- 
I Thuinlackh {B. 14^28; more fully, A. 209, 184) 

I in 1881 det(*mii!ed the relation between the 
i expansion of the gas on d°c^posing It by heat 
' and the volume of 0 thusobtaii^d ; he em- 
I ployed Pebal’s method for analysis of ClOj 
I (g. V.) ; the gas examined was prepared by the 
' action of (1) KCIO, and HNO,Aq on As4Q^ 

I (Millon’s method), (2) iCClO, and H2S04Aq on 
! CgH, (Cariua’s method modified by Brandau), 

! (3) KCIO, and HNO,Aq on sugar (Sohiel’s 
I method). In every case the volume of 0 ob- 
tajjied was ^almost exactly double the total 
expansion of the gas ; but if the gas were 
, CI3O3 the \4jlumg of 0 must be equal to the 
I total expansion, {i&d this result would hold 
I good if free Cl were, mixed with jhe CljO,. 

! Garzarolli-Thuml^ckh concludes thnt tlie gas 
! supposed 1;o be CI2O, by Millon ani Brandau 

f was really a mixture of CIO^, vjjth varying 
quantities of Cl, a little 0, and dt)j# 

Preparation %f complmnd said to be CL^O,. — 
1. MUfon (4 Ch. SA] 7r ^98) used 16 pts. 
finely-powdered A^O, and 20 pts;<tpowdered 
€£C10, made into a thi9 cream with watery to 
this he added 60 pts. pure HNOjJb (free from 
j HCl and HjSOJ S.G. 1*33, diluted with 20 pts. 

; the mixture was placed in a fla8k*of a 
size such that the liquid partly filed the neck, 
an exit tube was attached, and the contents 
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' gradually warmed in a water-bath to about 
26°. The gas may* be dried by CaClj; it ia 
collected in dry flasks by downward displace- 
ment ffho flask should be covered with a 
thi^oloth inacase of explosion. Slight ex- 
flosions sometimes occur, but if the ^,rocess 
IS douducted carefully it is Wiiatteaded with 
danger.— - 2 . Sohiel (A: 109, 318) Qsed a mixture 
of 2 pts. KClOj, *6 ft) *8 ^ts. cancj sugar, and 
'8 pts. HNOjAq, S.G. I'l? diluted with 3-4 pts. 
HjO; the# gas coctained C0^3. <3arius {A. 
140, 317 ; V. also Brandau, A. 151, 63) dissolved 
10 pts. CflUfl iff 100 pts. cone. H ,80*, diluted with 
100 pts. H..O, after cooling added 12 pts. pow- 
dered KClOj, and heated to about 50*^ on a 
yater-bat!^ The exit tube of the flask was 
connected witfii a series of small bulbs contain- 
ing water; fr^m these the gas passed into a 
tube kept at -18°^ the liquefied oxide \\yis 
separated from crystals of hydrated chloric 
acid {q. v.). About 6-7 b.c, liquid was obtained 
from 54 grams KCIO 3 ; the liquid contained a 
little water arfll traces of CIO 2 and HCIO;,. 

Properties of the supjjpsed compound. — The 
properties said to belong to Cl^Oj resemble those 
which characterise ClOo ; the former is however 
less explosive. It is dcscriofd as a greenish- 
yellow gas, condensing to a dark red-brown 
liquid ; S.G. about 1*5 ; the liquid volatilises at 
about 0°, the latter portions boiling at 8°-9°. 
The gas is decomposed intOj 01 and 0 at about 
67° wit)j sli^t Explosion. In contact with 
most non-motals, and with To and As detonj>,tion 
occurs. Pb,*Cu, Sn, Sb, Ag, Zn, and Fe are 
unchanged in the gas ; Hg absorbs it. One 
volume HjO absorbs 8 ,j vols. of the gas at 8 ® ; 
the solution contains HCIO.^, and after a time 
also HCIO,. Brandau says that if the water is 
at 0 °, a solidJiydAte of HClOj containing from 
50 to 67*5 p.o. HjO is produced. 

•References. — Miflon, A. Gh. [3] 7, 298 ; 
De Vrij, A. 61, 248 ; .Schiel, A. 108, 128; 100, 
347; 112, 73; 116.116; Garius, A. 140,317; 
142, 129; 143, 3!^; Brandau, 151, 340; 
Garzaroni-Thurnkckh, B. 14, 28 ; A. 209, 184. 

^ ^ xM. M. P. M. 

CHLOBINE, OXY-ACIDS OF.-Four com- 
pounds are known, HCIO, HCIO^, HCIO 3 , and 
ilClO^. The anhydride of HCIO, viz. Cip, is 
known ; the anhydride ^f HCIO;, viz. CLO,, is 
generally stated to be known, but the evidence 
is not conclusive {v. Chlorink trioxipe). Of 
the acids, only HCIO^ has been ^ obtained in 
definite form apart from water. Aqueous »fplu- 
tiofis of HCIO and HClOj are easily decomposed 
on heating, giving HClOsAq.and 'HClAq; the 
most cone, solution of •HClOjAq obtained 
contains *the acid water in the ratio 

HCl(4:4^HfO, this solutio# decomposes on 
heating yilldingp HOlO^Aq, Cl, and 0* HClO^Aq 
is stable, it may be concentrated by distillationj 
until crystis of dSClO^.HjO are obtained ; by 
caioiully heating thesd&crystals' the acid^jJIOlO^ 
is formed, this acid Is verj- easilir decomposed 
with exi^sion. The foilwing therm^ data 
ire given hw Thomsen (S’ft. 2,. 400) ^ 
mr,Cl,Aq]« 89,316 

Difif.- -0,385 

[HAOAq]» 29,930 

» Dif!.- -6,990 

[fl,01,0»Aq3« 28,940 , 


These numbers ^uld lead us to expect that 
neither HOlOAq nor HClOjAq would be produced 
by the direct addition of 0 to HClAq ; nor should 
we expect to form KClO^Aq by adding 0 toKClAq, 
for [KClAq,0«] = - 15,370 {Thomsen) ; the pro- 
duction of HClOAq by the direct combination of 
Cl and 0 in presence of Rp is also improbable, 
#*oasidering that [Ci'^O.AqJ ^ -8,490 (Thonnfen). 
Cl and 0 do not unite directly, but if a 
moderately basic oxide, e.g. HgO or ZnO, ia 
acted oh by Cl and H^O, HClOAq is produced ; 
if a strongly basic oxide, e.g. XO or Naj<?, ia 
used, a salt of HCIO is formed in solution. 
Odling (P/i. [ 2 ] 1, ^46ft) says that HClOAq ia 
formed when a current pf air laden with HCl 
i" passed into a warm solution of K;Mn,,Og 
containing H.SO^. HClOAq is also said to 
yield HCIO, Aq, by the action of ozone. In the 
ordinary processes whereby HClO^Aq and 
HC10,Aq arc obtained from HC10A(i (or salts 
of the hf^lher* acids from salts of HCIO) much 
bpat is produced in the decomposition of the 
lower acid, or salt, and 0 is set free at the same 
time; under these conditions the higher acids, 
or salts, are foTmod. When KClOAq is heated 
I KCIAq and KClOjAq are produced ; when 
KClOj is heatod, 0 is evolved and KCIO, and 
KCl are produced ; on raising the temperature 
KCl remains and all thp 0 is evolved. Thom- 
sen {Th. 2, 145) gives the following thermal 
values for the possible reactions between Cl and 
KjO;- 

( 73,935 if ftKClOAq + SKClAq 
[Cl«,3Kmq] * I 97,045 if KClOAq + 5KClAq 

1 113,315 if 30 + GKClAq 

^ are formed. 

Chloric acid is as strong an acid, i.e. its affinity 
is as great, as hydrochloric acid {v. Affinitv, 
vol. i. pp. 82, 83) {coynqh Bromine, Oxy-acids op. 
V. also llAiiOOEN elements). 

Detection and Estimation of salts of HCIO, 
HCIO;, HCIO 3 , and HCIO*. 

I. Salts of HCIO in solution react as oxi- 
disers much in the same way as ClAq; on 
adding a little extremely dilute HNOjAq and 
distilling, a dilute solution of HOlOAq is ob- 
tained whicli H) bleaches indigo at once, but 
does not bleacn if A&,OAq is present, ( 2 ) gives 
a brownish pp. of HgO.HgCj^ when shaken with 
Hg, (3) with SO.Aq forms a solution conteining 
1 equivalent HCl to 2 equivalents H;SO* 

, (HClOAq -H SO;Aq + H;0 = H;SO,Aq + HClAq). 
Hypochlorites may be estimated by titration 
with KIAq and NajOjOsAq. 

II. Salts of HCIO; in solution react very 
much als mixtures of chlqrates and chlorides; 
they are decomposed by H^SO^Aq (1 acid to 
8-19» water) with formation of a yellow colour 
probably due to CIO; aj«d Cl, whereas a mixture 
of chloride and chlorate is not decomposed. 
They bleach acidulated indigo at once even in 
presence of As^OjAq. With SOjAq a solution 
is formed containing HCl and H.SO* in the, 
ratio H«l:gH;SO* (HClOjAq 2Sb;Aq + 2 H 2 O 
» 2 HjS 04 Aq + HClAq). ^Chlorites may be esti- 
mated by allowing them to pxidise a standard- 
ised acidulated solution of FeSO*, and determin- 
ing the residual FeSO* by K;Mij;0,Aq. 

III. Salts of HCIO 3 in solution do not bleach 
acidulated diluted indigo solution in the cold 
ontil a little SO^q it added (Cl iathen aaifcee) ; 
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they do not separate I at onoe from EIAq. 
They are decomposed by^aigestion with warm 
oono. HClAq; salts of HGlQ^arenot. Chlorates 
may be estimated by reduction to chlorides, by 
Zn and H2S04Aq, or by a Cu-Zn couple (v. Bo* 
thamley and Thompson, C. J. 53, 169). They 
may be separated from chlorites by conversion 
int^E salts, and repeated evaporation in vacuo 
(v. CHLOBOUS ACID AND CHLORITEs). Kdf^, fs 

fairly soluble in water at 15° (8 = 6), and KCIO4 
is nearly insoluble (S ^ 1*6) ; KCIO4 is insoluble 
in alcohol containing a little E.CnH.,02; a method 
of separation^ of KCIO, and kC104 may be 
based on these facts. ^ 

IV. Salts of HCIO. ard not decomposed by 
digestion with cone. HUlAq at 100° ; their solu- 
tions do not bleach acidulated indigo even in 
presence of SO-Aq, nor aro th^ reduced by a 
Cu-Zn couple at 100°. Perchlora'tes may be 
estimated by converting them into KCIO4 and 
determining the 0 in them by hes.tin|,', and the 
K and Cl in the residue by the usual methods, j 

I. Hypochlorous acid and Htpochloritb^s. 
HClOAq ; MCIOAq. In 1788 Berthollet ob- 
tained a liqum with bleaching^ properties by 
the action of chlorine on aqueous alkalis; 
Berthollet thought the liquid contained a com- 
pound of the alkali and chloftne, the latter 
being then regarded as oxidised hydrochloric 
acid. Berzelius Buppefced that a mixture of 
alkali chloride and chlorite was formed. In 
1834 Balard proved that the bleaching liquid 
contained a salt pf a new acid (Berthollet, 
Statique Chimique, 2, 183; Berzelius, P, 12, 
629 ; Balard, A. Ch. 67, 225). The acid is 
known only in aqueous solutions; one salt 
Ca(C10)2.a;H20 has been obtained as a solid. 

Formation.— 1. By the action of Cl on ZnO 
in presence of water ; ZnCl^Aq is formed at the 
same time.— 2. By the action of Cl on (1) CaCOj 
suspended in water ; (CaCO, + H.,0 + Aq -t- 2CI2 
« CaCl2Aq 2HC10Aq + CO,) : 

( 2 ) Na2C03Aq ; (2Na2C03Aq + 2H2O + 2CI2 
m 2NaClAq + 2HC10Aq + 2 NaHC 03 Aq ; then 
2NaHC02Aq-^2Ci2 
- 2NaClAq + 200, + 2HC10Aq) : 

(3) Na2804Aq ; (Na2S04Aq + H2O + Clj 
-NaHS04Aq + NaClAq + ^CI0Aq).— 3. By the 
•ction of 01 on AgCOj depended in water ; AgCl 
is al^ formed. — 4$ By the action of Cl on 
GaO,H^q; CaO^Cl, and CaCL are probably 
formed {v. p. 17) ; when to an aqueous solution of 
this product as much very dilute HNO,Aq is* 
added as suffices to convert less than the half 
of the Ca into Ca2NOj, and the liquid*is dis- 
tilled, dilute HClOAq is obtained (Gay-ijussac, 
A. 43, 153; Schorleinmer, B. 6, 1509; Kopfer, 
C. J. [2] 13, 713).— 6. By passing Cl,0 into 
HClOAq is formed (v. Chlorinb monoxideK— C. 
Addition of H-P^Aq (containing 2*45 p.o. H^Oj) 
to a large excess of ClAq produces HClOAq, 
according to Fairley {B. A. 1874, 67) ; if much 
H^Oj is added, the HClOAq is docoiAposed 
forming HClAq, H3O, and evolving 0.— 7. 
According to Odling {Jit I860. 65) HClOAq is 
formed by leading air laden with HCti into a 
warm solution of K;Mn20g containing H2804Aq, 
or into a mixture of MnO, and H2804Aq. — 8, 
HClOAq is also formed, along with other salts, 
by the action of Cl on aquqfus solutions of 
NagHP04, FeS04, ZnSO^, MnSOi^ CaS04, 


Zn(C2H302)2.~9. Alkali salts of HOlO am 
produced by electrolysis of NaClAq or KClAq 
(LidoE a. Tiohomiroff, J. B. 1882. 212). 

Preparation.— k flask of somewhat under 
1000 0.0. capacity, with a goed-fitting^ass 
stopper, is filled with air-free Cl in the ^rkq 
ppd. HgO^ whv?h has been heated to 300° and 
cooled, suspended in a little B^O, is added, in 
the proportion of ^6 grahis to 1 litre Cl; the^ 
flask is shaken for about 15 minutes, and the ’ 
liquid is poure^off from the Hg20(y2 formed : 
this solution contains from 2 to 3 p.o. of HCIO 
(Carius, A. 126, 196), If the Closed contains 
much air the reaction proceeds very clowly ; if 
the HgO has not been heated to 300° mudh 
Hg2C10, is formed. 2Hg0 + 2CL + H30+ Aq 
-HgO.HgCL + 2HC10Aq. ThS solution of 
HClOAq is best kept in contact with a little HgO ; 
aiiy Cl sot free is thus pontinually converted 
into HCIO. 

Properties.— kn aqifeous solution of HCIO 
smells like CljO. It is very easily decomposed 
into Cl and HClOAq; in sunligM this change 
proceeds rapidly, the ipore cone, the solution the 
more rapid is the decomposition, and traces of 
HCIO4 are also formed (Popper, A. 227, 161). A 
dilute solution of HCIO may be distilled with 
paitial decomposition, the distillate is riohq^ 
in HCIO; Gay-Lussac found that, on distilling 
a dilute solution to one-half, the distillate con- 
tained five-sixths qf the total HCIO (G. R. 14, 
927). HClOAq is a monob&siif acid^ added 
I to KOHAq or Ca(0H)2Aq, KClOAq or 
Ca((iiO)2Aq is formed. Thomsen ^^ives the heat 
of neutralisation as [HClOAq, NaOHAq] « 9,980, 
which is about § of the value of the heat of 
neutralisation of one of the stabler monobasic 
acids {e.g. HCl, HClOj, HNOJ, and is a little 
greater than the value for H^HAij^ viz., 7,740. 
HClOAq does not dissolve bases insoluble in 
water, nor does it decompose the carbouatesfof 
these bases. ^ ^ 

Reactions.- 1. HClOAq acts generally as an 
oxidiser ; it eaoily* parts witli 0 while HClAq 
I remains. Thus, As is rtitiidlv oxidi^d with 
1 evolution of light ; P, S, Se, Br,’ I araconverted* 

; to H.,PO,Aq, H^SO^Aq, &c., even py dilute 
HClOAq ; lower oxides or salts are converted 
into higher, e.g. SO,Aq to H2S04Aq, FeO to* 
FOjOj, As.p.Aq to iis,.0-,Aq, FeSO^Aq to 
Fe2(SOJ,Aq, FejCliAq, and Fe,0.„ MnSO,Aq to 
. MnO.2 ; sulphides yield sulphates, e.g. H2SAq 
''■gives H^SO.Aq and S ; NH, gives N, H.O, and 
, NH^lAq ; HtJl forms ILO and Cl. The quantity 
I of fne acid ^ expressed by the formula HCIO 
! oxidises the ‘samtq mass of anjoxide &c. as can 
I be oxidised by Clj.fti presence of HgO ; thus 

MnO + HjO^+ { = filnO, | ^j^o} + 

On many ca/rbon compounds HClOAqacts partly 
as an oxidising, partly as a ohkintiafing, agent ; 
e.g. + HOlOAq #2002 + H3O + HClAq. 

Some organic, comnounds* combine with the 
acid : e.g. C.H.t 3HC10Aq - 0,H^1,(0H)„ 
62H4 + HClOAq » Cl2H4CiDH.-8. Ir^o solu. 
tion, and various other vegetable flours, are 
rapidly bleached by HClOAq; one formula- 
weight of HCIO in solution exert! as gretft a 
•bleaching action as OI3 i(HC10Aq = 
HClAq -tO; Cl3 + H20=2H01+0).— R. HOlOAq 



IT 


CHLORINE, OXY-ACroSOP. 


Is said to be oxidised to H010,Aq by osom 
(Fairley, B. A, 1874. 68 ). 

Hypoclilorites are very easily decomposed ; 
evei^in ^lute solutions boiling suffices to oon- 
vei^hem int 8 chlorides and chlorates, in cone. 
Solutions boiling produces chlorides afid 0 . 
Their solutions wo algo decom^ed V heating 
with CojO„ Cut), Mr;Oa <fco., 6 is evolved and 
chlorides remain; (ie( 010 ) 2 iBq + CojOj =» 
CaClgAq + Co A 0, JD 0 O 3 is perhaps formed 
and agaiAeducedto Co.Oj with evolhtion of 0 ; 
Winkler, J, sr. 98, 340). As Ca(001)aAq is 
formed by tnl action of 01 on CaOAq, it is easv 
tp obtain 0 by leardingCl into strong warm milk 
of lime containing a little Co..O,(Co.2NO,, is 
msed) . Selutjpns of KCIO and NaClO, along with 
KCl and Na^, are obtained by leading Cl into 
cold dilute KOHAq or NaOHAq. Solutions of 
hypochlorites bleacH rapidly on addition 0 # a 
little HNOjAq, H.SO^Aq, HClAq,or oven CO,Aq; 
these solutions act as oxidisers towards P, S, I, &c. 
As the hypochlorites are so easily decomposed 
it is difficult to obtain them, even in solution, 
free from chlorides. Kirifezett (C. J. [2] 13, 404) 
obtained crystals of nearly pure calcium hypo- 
chlorite, CaOjCL.rcHjO, by e;chausti>ig bleaching 
powder with cold H 3 O, filtering, and placing 
tibe filtrate in vaaio' over cone. H^SO^. The 
crystals very easily decomposed, even by drying 
in vacuo^ with evolution of Cl. The greater 
part of the Cfi ^jas lost bj^ heating the moist 
crystals*to 100 ®, the residue probably contained 
chlorate, it also contained much carbonate^ The 
crystals disslilved in H^O; this solution was 
decomposed by CO, with evolution of most, but 
not all, of the chlorine. That an aqueous solu- 
tion of bleaching powder contains CaO^Clj has 
been confirmed |jy O’Shea (G, J. 43, 422), who 
proved that#whon such a solution is diffused 
without a merabrane^he diffiisato contains con- 
Bidel’ably less active Cl (i.«. Cl which is so com- 
bined with Ca«,nd 0 Hiat it is capable of bleach- 
iJig), and the residue conSd^rably more active 
Cl thar^the original liquid, in pAportion to the 
Cl or CaCl,; thi^t«(iifdiffusion sufficed to render 
the diffused liquid relatively poorer in active Cl 
ind richer in chloride. 

BUaching powder ,— is absorbed by 
slaked lime and the moduct possesses strong 
)leaohing properties.^ Gay-Lussac regarded 
)leaohing powder as containing CaCl^O, and 
iJaOl, in the ratio CaCl 203 :CaClj. Odling 
Manual of Chenu 1 , 66 ) suggested the com- 
)08ition Ca.OClCl, chiefly because blea(iiing 
)owder is not deliquescent nor is CaClj removed 
rom it by treatment with* alcohol. GSpner 
/. pr. [2] 7, 441) asserted bleaching pftwder to 
le a compound of CaG ^ith 01, and to have the 
lomjosit^ OaO.Clj. Stahl 8 chmidU(B. 8 , 869) 
uggestefnhe odbposition Ca.OH.OCl, Bleaching 
►owder pr»aiipd by the action of pure dry 01 o# 
lure dry CtHOH) 3 llwaM oontainssome Ca(OH), ; 
lUt the quantity of Jills is variable and can be 
auch diminishedU by repeated treatment with 
ry Cl, tne CafOH), is not tnerefore an essentiqj 
of thf oleachin^ compound (v. Kopfer, 

J. [ 2 ] 18,718 ; O’Shea, 0. J. 43, 422 ; Lunge a. 
Icljappi, D, P, J, 289, 63). That CaOl* is not 
resent as such in bleaching powder is shown , 
y the facA that it is not deliquescent, that 
men treated with small suooessive quantities 
\ouJL 


I of water the first washings bontain much less 
I Cl than would be the case were OaClj present in 
I the liquid, and that in the presence of a little 
I moisture almost the whole of the 01 can be re- 
moved from bleaching powder by the action of 
CO 3 (Lunge a. Schappi, D, P, J. 237, 63 ; v. 
also Lunge a. Naef, B. 16, 840). 

• Tl|e composition CaO.Cl, assigned byfSldp- 
ner to the bleaching compound ^n bleaching 
powder was disproved by the experiments of 
Kopfer (C. J, [ 2 ] 13, 713), who showed Aat 
when an extremely dilute mineral acid (HGl, 
HNOj, or H 2 SO 4 ) is added to a solirtion of bleach- 
ing powder, in quanfcitytsufficient to saturate all 
the lime and the Ca(OOl), present— calculated 
dn the assumption that the active (bleaching) 
01 exists as Ca(OCl) 3 — and the liquid is distilled, 
almost the tlKoretical quantity of HCIO is 
obtained in the distillate. The formula 
Ca.OH.OCl given to the bleaching compound by 
Stahlschmi^t* assigns a limit to the amount of 
q^tive Cl, i.e. Cl available for bleaching, in the 
|)owder ; Stahlschmidt represents the formation 
obthe bleaching powder thus— •Ca(OH )2 + 201 , 
« 2 Ca. 0 H. 0 C>+CaCl 2 + 2H,0. The strongest 
bleaching powder cannot therefore contain more 
than about 33 p.o. of available Cl ; but Lunge a. 
Schappi (D. P. J, 237, 63) prepared bleaching 
powder containing 43‘4^.o. available Cl. More- 
over, according to StaWschmidt’s view, when 
water acts on bleaching powder, the reaction is 
2Ca.OH.OCl = Ca( 0 H )2 + CaOjjCl, ; therefore no 
bleaching powder can be represented as con- 
taining CaOjCl, and CaCl, in a greater ratio to 
Cj^OH), than 1 : 1 : 1 . Now O’Shea (C. J, 43, 422j 
determined the ratio of Ca(OCl), (supposing all 
available Cl to exist in this form) : CaCi^:Ca(OH), 
in six samples of bleaching powder made from 
pure Ca(OH) 2 ; in 2 out of the 6 samples 
the ratio was 3 Ca 02 Cl 2 : 8 CaCl 2 : 20 a( 0 H),. Finally 
O’Shea removed any CaCl, present as such 
from various samples of bleaching powder, pre- 
pared from pure Ca(OH), by repeated treatment 
with alcohol, and determined the total CaO, the 
total Cl, and the available Cl, in the residue, is, 
in the bleaching compound; thb results in 
every case were — (1) CaO : total 01 =» 1:2 ; (2) 
available 01 .-total Clftik2; (3) CaO : available 
01 - 1 : 1 . 

Stahlsohmidt’s formula Ca.OH.OCl requires 
for ( 1 ) the ratio 1 : 1 ; for ( 2 ) 1 : 1 ; for (3) 1 : 1 . 

Gay-Lussac’s formula CaO, 01, requires for 
( 1 ) the ratio 1:2 ; for ( 2 ) 1 : 1 ; for ( 8 ) 1 : 2 . 

OdUng’s formula Ca.OCl.Cl requires for (1) 
the ratio 1 : 2 ; for ( 2 ) 1 : 2 ; for ( 8 ) 1 : 1 . 

The experiments of Kingzett already referred 
to {v, supra) showed that when water acts on 
ble(fi;hing powder CaO^Cl, is contained in the 
solution. There can iie little doubt that the 
formula Ca.OCl.Cl better expresses toe com- 
position and properties of the bleaching com- 
pound in bleaching powder than any other 
formula yet suggested; and that the reaction 
which odbuM when water is added to this com- 
pound ia 2 Ca.OCl.Cl + A? - CaO-^Cg^q + OaCl,Aq. 

II. CmliORpUS ACID AND CHTiORITKS. HC10,Aq ; 
MCIO,. Chlorou s acid is known only in aqueous 
solution ; it is indeed doubtful whether even a 
solution of HCKL has been obtained free from 
HCIO,. KCIO, ftay be prepared bj adding an 
aqueous solution of CIO, of known strenra to 
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Ihe prmr quantity of EOHAq, evaporating at 
in vacuo, separating from ECIO, which 
crystallises out, repeating the evaporation and 
separation of EC10„ then adding alcohol to the 
mother liquor, evaporating in vacuo, and col- 
lecting the second crop of crystals which form 
(Garzarolli-Thurnlackh a. J. Hayn, ii.209, 203). 
ll^OsAq copld not be obtained by the action of 
acids on this salt. When the gas obtained by 
acting on ESlOj with HNOjAq and As^Oa is led 
into water, a yellowish-red acid solution is 
obtained, which on warming, or on exposure to 
sunlight, contains HCl and HClOj. This solu- 
tion when freshly prepared is generally supposed 
to be HClOjAq ; but the Experiments of Garza- 
rolli-Thurnlackh (v. CkLoHiNE tkioxide) rondcr 
it almost certain that the gas obtained as above 
is a mixture of CIO, and Gl^ and that the 
solution contains both HOlO, and HCIO,. 

The solution prepared as described reacts 
with many metals ; e.g. Hg fprma an oxy- 
chloride, Cu a mixture of CuCL and Cu(C103)ji, 
Zn and Pb form chlorides and probably chlorit^, 
and finally clUorates; with the lower salts of 
Sn, Fe, Hg, sc., the solution reacts to fo^m 
higher salts of these metals ; ks^.O^Aq is not 
oxidised to As^OsAq ; HCl decomposes the 
solution forming Cl and H^O, ftlAq gives HCl 
and I ; HNO,Aq is oxidised to HNOjAq ; SOoAq 
is oxidised to H2S04Aq4 According to Brandau 
(ii. 151, 340) if the gas supposed to bo CLO, is 
led into H,0 at 0® a solid hydrate of HCIO, is 
obtained ; when pressed between paper the 
hydrate is a lustrous mass remaining unmelted 
at 10®, and volatilisable without residue. Two 
specimens gave 60 and C7*6 p.c. water res^bc* 
tively. 

Chlorites. Very few of these salts have 
been prepared. Potassium chlorite, KCIO,, 
prepared as above described, forms needles, 
which deliquesce after standing some time in 
the air. The silver and lead salts, AgClO.. and 
PbfClOj), are obtained by adding AgNOjAq and 
Pb(C2H,0,),Aq respectively, to KC10,Aq. AgClO, 
crystallises from hot H,0 in greenish-yellow 
scales ; it is %lowly decomposed in direct sunlight; 
SO,Aq rapidly reduces to AgCl ; dilute H^SO^Aq 
evolves a gas the coloqr and smell of CIO,. 
EClOsAq quickly oxidises FeSO,Aq; KCIO, 
mixei^ with S a(hd rubbed ignites the S. 
Pb(OlO,), after washing with hot HjO forms 
greenish -yellow scales; slightly soluble in hot 
H,0; reactions similar to those of ECIO,;^ 
soluble in EOHAq. This solution is reduced by 
SO,Aq to PbSO^ and PbCl,Aq (Gafzarolli- 
Thurnlackh a. J. Hayn, A. 209, 203). • Millon 
Ch. [8] 7, 298(J described Ba(C10,), and 
Sr(C10,), as very soluble salts; probably the 
salts contained Ba and ^r(C10,)2. 

HI. Chloric ACID AND Chlorates. HClOjAq; 
MClO,. An aqueous solution of HClOj is 
formed when ClOjAq is exposed to sunlight, or 
is heated. ECIO, and NaCIO, are prodiibed by 
electrolysis of EClAq and NaClAq respectively : 
carbon electrodes are employed (Lidoff a. Tioho- 
mirofl, J, R. 1882. 341). t 

Preparation, — 1. Ba(C10,), is obtained by 
dissolving 8 pts. crystallised (KH4)3S04 and 3 
pts. ECIO, in 16 pts. hot H-0, evaporating to a 
thin syrup, digesting for a aajrat a gentle heat* 
with alcohol {80 p.o.}, filtering from EySO,, 


adding BaOifq, evaporating, and crystallising < 
(Wittstein; v, also Bdttger, A, 67, 188). A 
weighed quantity of the crystals ot BalClO,), is 
dissolved in n,0 ; a quantity of dilute fijSO^Aq 
exactly sufficient to pp. all the as Bai{^4 is ^ 
added, little by little ; the liquid is filtered^tho ^ 
filtrate npast gh/e no pp. either with BaOAq or 
HjSO^Aq— ani?. t^he filtrate is looncentrated in 
vacuo over^H^SOj.-— 2. Hbt KClOjAq is decom- 
posed by excess of HjSi^’flAq ; after cooling, the * 
liquid is filtered from E,S^g and evaporated 
over H,S04 and KOH in vacuo ; the excess of 
HjSiF, volatilises and HClOaAq rdinains. 

Properties. ~ By evaporation in ^acuo of 
dilute HClOaAq, a somewhat oily, colourless, 
strongly acid, liquid is obtained, with S.G. 1‘282 
at 14^^ ; according to Kammerer this liquid con- 
tains HClOa and HjO in the ratidF HC103:7H,0 ; 
the same chemist say^ that if this liquid 
remains longer in vacuo, sudden evolution of Cl 
and 0 occurs, and HC103.4iH,0 remains (P. 
138, 390). The strongest solution of HCIO, 
does not solidify at — 20®. HC10,ftLq reddens lit- 
mus paper and then l^eaches it ; paper or linen 
soaked in fairly corvc. acid and dried takes fire. 
Heated to about 40® the solution decomposes 
into HC104Aq, Cl, 0, and HjO (Serullas, A. Ch. 
45, 204 a. 270). Thomsen gives these thermal 
values [H,Cl,0»,Aq] = 23,940, but [0P,O\A4] 

= -20,480; [HClO'Aq, KOHAq] = 13,760. The 
affinity of HClOjAq is equal to that of the 
strongest acids (v. Affinity, iol.C. pp. 82, 83). 

Reactions. — 1. Zinc and iron dissolve in 
HCfdjAq with evolution of H.-<'2. Iodine is 
oxidised to HIO,Aq. — 3. Oxidisable oxygen 
compounds are converted into higher com- 
pounds, e.p. SO^Aq gives HB04Aq, Cl, and HjO; 
HjPOjAq gives H3P04Aq.— 4. Chlorhydric acid 
forms HjO and Cl.— 6. SulphuretUd hydrogen 
produces H,S04Aq and S. — 6. iodine gives 
HIOjAq; bromine only ’'traces of HBrOjAq 
(Kammerer, P. 138, 399) -7. By electrolysis 
HClOgAq yields fnjpt HulQi4q,^and then Cl 
(Buff, A. llOt 2{77). — 8. ^Heated above 40® 
HClOyAq decomposes in/o Cl, 0, HjO, and 
HC104Aq. 

Chlorates. flC10,Aq acts as a monobasic 
acid. Normal chlorates are all soluble in water; 
KCIO3 is less soluble than the others. Chlorate^ 
may be prepared by actkig on Ba(C103)2Aq with 
the sulphate of the metal whoso chlorate is 
required ; many are also obtained by the action 
of the metallic oxide, or carbonate, on HClOjAq. 
Chjorates eaSily part with their' 0 when heated; 
they act therefore as oxidisers (v. Potassium 
chlorate). • Aqueo^is solutions are not, however, 
very ea|fly reduced*(e.j7. HjS "has no action) ; 
boiled with P, chlorides are formed (Slater, 
J.pr. 60, 247); cl|lorate1 in solutiao are^^also 
reduqed b^ Zn and dilute H2S4)4Aqpand by a 
|Cu-Zn couple. Fusible chlorates detonate when 
rubbed with easily combustible iTod^s, e.g. S or 
Sb.,S3; sometiifies violint explosions occur. 
H,2S04Aq decopposM chlorates with evolution 
of CIO, and Cl; «ClAq eVolves emhlorim, 
f^hich is a mixture of 010, and CL • Solutions 
of chlorates do not bleach ; additicA of a little 
SOjAq liberates Cl and bleaching occurs. 

AmmorUum chlorate. NH4.OIO3. By adding 
NH,Aq, or (NH,)2C03Aq, to H«lO,Aq; or 
(NHJjdOjAq to Ba{OlO,)2Aq and filtering; or 
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(NH 4 ) 2 SiF,Aq to £C10>Aq and Storing ; the so- 
lution in each caBe*is evaporated, the salt sepa- 
rates in needles. Soluble in H^O, and alcohol ; 
guhlimds somewhat above 100® ; at higher tem- 
pexKure decvnposes to Cl, and 11,0. 

• J^rium chlorate,— adding BaQAq, or 
BaCOt, to HClOjAq. Thompstn (i% M. [3] 81, 
510) mixes solutions*, each ia Mbe minimum of 
water, of 122 parts, EGIO, and 167 parts 
NH^.H.O^Hp^.removesK.H.C^H^Oa.adds alcohol, 
filters, dfoomposgs the NH^.C10,Aq by boiling 
with freshly ppd. liaCO,, filters and crystallises, 
(v. also BiUtger, A. 67, 138 ; Brandau, A, 161, 
361 ; Belly a. Merz, D. P, J. 163, 368). Crys- 
tallises in 4-sided plates. S. (0®) 22*8; (40®) 
,621; (116°) 195; (135®) 287‘4 ; (146’) 365-6; 
(180°) 6^-6tTilden a. Shenstone, T, 175, 23). 

Calcium chlorate. Ca(C 103 ) 2 . Prepared like 
Ba(C 103 )j. Very deliquescent and difficult to 
crystallise. 

Copper chlorate. fiu(C10,),.6Hp. By dis- 
solving CuO j|i HClOaAq and evaporating. Green, 
deliquescent, octahedra ; soluble in alcohol ; 
decomposed at 100® prebably forming a basic 
salt (Wachter, A. 62, 233 ; v. also Casselmann, 
Fr. 4, 24). 

Lead chlorate. Pb(C10,)2. By saturating 
HClOaAq with PbO, and evaporating ; hot 
solutions deposit rhombohedral deliquescent 
Pb(C10,)2.H.,0 (Wachter, A. 62, 233).i 

Magnesiunt $hlorate. Mg(C10j)2. Obtained 
as, and'closely resembles, Ca^ClO,),. 

Mercury* chlorates. (1) HgClO,; coltmnar 
crystals, soluble in HjO and alcohol; by dissolv- 
ing HgjO in HClOgAq ; heated, gives HgCl, Hg, 
and 0. (2) Hg(ClOs), crystallises from solution 
of HgO in warm HClO^Aq in needles. S. (about 
15®) 25. Decoifiposed by heat to 0, HgCl, 
HgClj, and S little HgO. 

*fPotassium chlorlite. KCIO,. By passing Cl 
into warm q;iilk of lime containing KOI, and 
•rystallising from the more soluble CaCl,; 
purified by recrystallisatidh, tor by rubbing 
with wRter to a th^k cream, and washing with 
Ep until KCl Is removed (r. Lunge, D. P. J. 
189, 488; Hunt, B. 6, 229). White, pearly, 
monoclinic plates. S.G. 2'35 (Kreraers, P, 97, 1 ; 
99, 25). 8. (0®) 3-3 ; (15®) 6 ; (35®) 12 ; (60®) 
19; (76®) 36; (104-#' = B.P.) 60. S. (120®) 
78*7; (136®) 98-9; (160®) 148; (190®) 183 
(Tilden a. Shenstone, T. 175, 23). S.G. of 
KClOjAq at 19'6® (Kremers, P. 9^ 62 ; Gorlachf 
Pr.8, 290) 1 p.o. KC 103 = 1-007;''2 p.c. L014; 
3 p.o. 1-02; 4 p.o. 1-026; 6 p.o. 1033; " p.o. 
1039 ; 7 p.c. 1-046 ; 8 p.o. l,-052 ; 9t p.o. 1*059 ; 
10 p.o. 1-006. (alcohol)*%8 follows ;,Gerardin 
A. CA. [4] 5, 129). 


M.P. about 369® (CameUey, C. J, [2] 18, 277h 
Heated to about 400® evolution of 0 begins ; if 
the temperature is not increased, evolution of 0 
ceases when KCl and KCIO 4 are formed (v. Pbr- 
ciiLoiiio ACID ; Preparation^ p. 20) ; if the tempe- 
rature is inci ea.sed the whole of the 0 is removed 
and KCl remains ; when the temperature is lower 
jtham that at which KCIO 4 is decompose the 
reaction approximates to that represented by the 
equation 8 KC 10 s« 6 KCi 04 + 3 KCfi + 20j (Teed, 
C. J. 61, 283 ; Frankland a. Dingwall, C. J. 61, 
274). If ^ pt. ppd. MnO.^, FCjOj, CuO, or spongy 
Pt, is mixed with KCIO 3 , 0 is evglved at a much 
lower temperature ; ab^ut 110 ®-i 20 ° with Fe^O,, 
200®-205® with JFnOj^ 230®-235° with CuO, 
^60®-270® with Pt black. The more finely divided 
the CuO the lower is the temperature at which 
evolution of ,0 begins; the temperature is 
lowered by so little as ^^th part of very finely 
divided CuO, MnOj, or Fe.^Og, but the greater 
the quattitjfc of the foreign body the more rapid 
is the evolution of 0 (Mitscherlich, P. 66 , 220; 
^Viedorhold, P. 116, 171 ; 118, 186 ; Baudrimont, 

Ph. [4] 14, 81 a. 161). KCl^a is an energetic 
oxidiser ; mi^ed with easily oxidised bodies, e.g. 
S, P, Sb.^Sj,, and heated or rubbed, or sometimes 
even exposed to direct sunlight, explosions occur. 
Charcoal, S, So, Sb^Sj, finely divided Fo, As, very 
fine Cu, &c. dropped on to molten KClOj, burn 
with production of raflch light (Bottger, A. 67, 
1.38). Cone. KClOsAq boiled with P produces 
KClAq, K,HP 04 Aq, and KjHPOaAq: with As, 
KClAq and K^HAs 04 Aq are formed (Slater, J.pr. 
60, 247). For the action of acids on KClOj v. 
^LOBiNE, OXIDES OF ; Chlobinb PEROXIDE, and 
Chlorine trioxidb. 

Bubidium chlorate. BbClOj. By decom- 
posing Eb^S 04 Aq by Ba(C 10 s). 4 Aq. Small tri- 
metric crystals. S. (4*7®) 2 - 8 ; (13°) 3-9; (18-2°) 
4-9 ; (19°) 6-1 (Reissig, A. 127, 33). 

Silver chlorate. AgClOj. A slow stream of 
Cl is passed into H.,0 containing AgP or Ag,,CO, 
in suspension; liquid is decanted from AgCl and 
is again treated with Cl; after standing for some 
time at 60°, to convert any AgClO into AgClO,, 
liquid is evaporated at 100° (Stas, ®Aem. Propert. 
90). White, opaque, non-deliquescent, trimetric, 
crystals. S.G. 4-93 (Skehneider, P. 106, 226 ; 107, 
113). S. (about 16°) 10 ; (about 80®-100®) 60 ; 
insoluble in alcohol. Doedmposed by Clsto AgCl 
while HCIO 4 remains in solution; gives AgCl 
and 0 on heating ; mixed with S explodes more 
easily than KClOj. A double salt KClOj.AgClO, 
is formed by heating equivalent quantities of 
KClO'Aq and AgClO, to 200° in a closed tube 
(Pfaufidler, 0. C. 1862. 849). 

Sodium chlorate. By action of Cl on 
waim NaOHAq ; better by KClO^Aq + Na;iSiF„Aq. 
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S. (0®) 82 ; (40®) 128-6 ^(lOO®) 204 (Kremers, P. 
97, 1 ; 99, 26). S. (alcohol, 83 p.o. 16°) 8. Re. 
Bimbles KGIO3. 

Strontium chlorate. Sr(010j)j.8H20. Pre- 
pared as Ba(C103)2. Deliquescent needles ; 
soluble in aloouol (Souchay, A. 102, 381). 

Zinc chlorate. Zn(0l0,)2. By dissolving 
ZnCO, in HC10,Aq, or decomposing ZnSiF, by 
KClOjAq (Henry. J. Ph. 25, 265). 

ThalliuiK chlorate. By adding TlNOjAqto 
EClOsAq ; the solution is decomposed by heat 
and on evaporation TCIO4 separates out (Crookes, 
C. N. 8, 196). A chlorate of ytterbium was 
obtained by Popp {A. 1?1, 179). 

IV. PkBOHLORIO AflD *AND PERCHLORATES. 

HCIO, ; MClO,. Mol. w. unknown for either tl)e 
acid or its salts. 

Stadion {Q. A. 62, 197 a. ^339) prepared 
potassium perchlorate by the action of H,,SO,Aq 
on KCIO3 ; he obtained the acid by decomposing 
the new salt by H.JSO^Aq. Serullas (LI. Ch. [2J 
46, 270; 46, 294 a. 323), preparofl the same 
perchlorate by heating KCIO^ until the melted , 
mass became yemi-sohd. The acid has be^n ! 
investigated by Roscoe (A. 121, 3/16). j 

Formation.—!. By heating HClOgAq, 0 and | 
Cl being also evolved (Serullas, Z.c.).— 2. By the 
electrolysis of ClAq, or HClAq (Riche, G. R. 46, , 
348).— 3. By electrolysis of KClOjAq, with Pt i 
electrodes, ozone is eVolved and KCIO, and 
traces of KCl are formed (Lidoff a. Tichomiroff ; 
J. R. 1882. 341).- 4. By adding ozone to HClOAq ! 
Fairly (B. A. 1874. 68). I 

Preparation.—!. KCIO, is prepared by fusing 
EClO, until the liquid mass becomes pastv ; 
2KCIO, = KCIO, + KCl -» O3. Marignac {B. J. 24, | 
192) says that when 6| litres 0 are evolved from 
100 grams of KCIO3 the residue contains 65-66 p.c. 
KOIO4. The fused mass is repeatedly digested 
at 100° with cone. HClAq, to decompose KCIO,; 
the residue is dissolved in the smallest quantity 
of boiling HjO ; the crystals which separate on 
cooling are again digested with HClAq at 100°, 
and crystallisation is repeated from boiling 
water. Pure KCIO, gives no yellow colour on 
digestion wi^h cone. HClAq. One part KCIO, 
is distilled with 4 parts very cone, pure B^SO, 
so long as the distillate^ solidifies in the receiver; 
the crystalline distillate is melted, poured into 
a smadl retort, aneP gradually heated to 110° 
^-^hen yellowish fumes come off and a brownish- 
yellow distillate is formed. This distillate is 
redistilled very slowly and cautiously, heating 
being stopped whenever crystals begin to form 
in the neck of the retort. The distillate Is pre- 
' served in small sealed glass bulbs. — 2. 608 grams 
KCIO, are boiled with the HBiF^Aq prepared 
from 1000 grams CaF,; after cooling, .the 
^SiF, is filtered off ; tl^ solution of HC10,Aq 
is heated until white fumes of HCIO, appear ; 
the liquid is then slowly distilled from a retort ; 
the distillate is freed from HClAq and ELSO,Aq 
by shaking with AgClO, and Ba(C10,)2, mtered, 

. and again distilled. From this HC10,Aq, the 
pure acid may be obtained by distilling with 4 
volumes cone. H,80,, and rectifying as Ascribed 
in 1 (Roscoe, A. 121, 346). 

The first product of the action of H^SO, on 
KCIO. is nearly pure HCIO, ; Jhis is succeeded 
by a liquid containing 72*4 p.cflttClO,, when this 
drops into the receiver ciys^s of H010,J330 


are formed. Vhen these crystals are slowly *' 
heated HCIO, distils over, hut after a time the 
liquid containing 72*4 p.o. HCIO, is formed in 
the retort, and coming into contact Vit^the 
HCIO, forms crystals of HC10,.H|0. ^ 

Properties. — HCIO, is a colourless, oily, vola*^ 
tile, liquid*^; S.®. 1‘782 at 16°. Fumes strongly 
in moist air.^ Very ea^ly uilfiergoes decom- 
position wrth expipsiim,* even when kept in ^ 
glass bulbs in the dalk. Cannot be distilled ' 
without decomprsition; at 75° charge begins ; 
at 92° white clouds come off, and a yellow gas 
smelling like CIO;, also a few dro^ of a liquid 
resembling Br ; at a higher temperature violent 
explosion occurs ; the residue solidifies to whife 
crystals with 87‘76 p.o. HCIO, (R^scoq). HC10« 
is an extremely powerful oxidiser^ one drop on 
charcoal, paper, wood, Ac., produces combustion 
w\^h violent explosions. A drop falling on to 
the skin produces a severe wound. When the 
hydrate HC10,.H..0 (u. ^Combinations^ No. 1) is 
distilled under ordinary pressure nearly pure 
HCIO, passes over at 110°. The temperature 
then rises until 203° ia>reached, when it becomes 
constant, and a heavy oily liquid, exactly re- 
sembling cone. H3SO,, distils over; the same 
liquid is obtained hy distilling HC10,Aq until 
203° is reached. This liquid contains 72*1 p.c. 
HCIO,, and does not correspond to a definite 
hydrate (HC10,.2H30 = 73*6, HC10,.3H30 = 

65-06, p.o. HjO) (Roscoe, l.c. ; r. also Weppen, A. 
29, 318). * 

Reactions and Combinations. — 1. HCIO, 
comftnes with water with a hissitJg sound and 
production of much heat; Berthelot gives 
[HC10,,AqJ =« 20,300 {A. Ch. [6] 27, 214). If water 
is added little by little, crystals of the hydrate 
HC10,.H30 are obtained; these melt at about 
50° ; S.G. (liquid) 1-81 at 6(J° ; decomposition 
into HCIO, and HC10,.a;H,0 begins at 110°^— 

2. HC10,Aq is not reduced by H,S, SOjf or 
HNO.,Aq, nor by any known sub^ance accord- 
ing to Berthelot [2] 3®, 1).— 3. HC10,A^ 
dissolves Zn and Fe with evmution of H. 

Perchlorates.— HCIO, if - a monobalio acid 
forming one series of salts, MCTO,or Mn(C10,)j; 
a few basic salts are also known, e.g. BiO.ClO,. 
These salts are prepared by the action of HC10,Aq 
on metals, oxides, or carbonates ; or by the de-^ 
composition of Ba(C10,)fAq by sulphates ; or by 
the decomposition of chlorates by heat {v. Potas- 
sium chlorate), or by HjSO,Aq, or by HNOgAq 
(Penny, A. 37^ 203). The perchlprates are gene- 
rally easily soluble in water ; KCIO, ii one of 
the least soluble of the salts. They are iso- 
morphous with the perraangapates. They are 
decomposed by hear into chlorides and 0, or 
into oxides, Cl, and 0, biftpt higher temperatures 
than chlor^es. When KCIO, is heated so fis to 
evolve only a part of its 0, some KClO^s formed 
ffFrankland a. Dingwall, G. J. ^78; Teed, 
C. J. 61, 283). ^ono. :^SO,»form^ HCIO, at 
100° ; cone. HClAq doosiwt act on perchlorates 
at 100°. Soliitions.. of pelohlorates are very 
slowlv, if at all, riduced by reagenft which 
readily reduce chlorates# ^ * 

The following perchlorates havq^ been pre- 
pared; NH,.C104 (Roscoe), isomorphous wth 
KCIO,; Ba(C10,)3(Groth,P. 133,226; Potilitlin, 

' C. 0. 1887. 1218) ; Cd(C10,)3, very ffWiquesceilt 
(Serullas, A. Oh. \2] 46, 270; 46, 294 a. 328); 
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* Ca(0104)a, very deliquescent (Serullas, Ic.) ; 
Cu{0104)2, large, blue, deliquescent crystals 
(Sernllas. Bosooe); Fe(C104)2, long colourless 
nee^s, Stable in air (Serullas) ; Fe(0i04)a.3H20, 

S eemsh, very*deliquesoent, crystals (Roscoe) ; 

n(C104)„ deliquescent, not obtained in crystals 
(Serullas); HgClO^, non. deliquesce A needles 
(Serullas) ; Hgt}104.1^20» vSr^ deliquescent 
.(Roscoe); Hg(0104)2(Sen{lla6); KC1(>4 (V.HCIO4, 
Preparation) ; S. (16°) 1-6, nearly insoluble in 
alcohol ; AgClO^ (Serullas) ; NliC104 (Penny, A. 
37, 203); ^0104 decomposes in moist air 
(Crookes, C. W. 8, 196) ; Zn(C104)2 deliquescent 
npedles. • M. M. P. M. 

CHLORINR, SULPHIDE OF, better called 
Snlplinr (ijiilodde ; v. Sulphub. 

CHLORITES — Salts of Chlorous acidt v. 
Ohlorinb, oxt-aoids of, p. 18. 

GHLORO*. Use Af this prefix applied to in- 
organic compounds ; iorfihloro- compounds and 
Ohloro- salts v. the element the chloro- com- 
pound of whi^ is sought for, or the salts to the 
names of whicn Chloro- is prefixed. Thus Chloro- 
phosphide of nitrogen wjM be found under Ni- 
TROOEN, and Chloro-platinate of potassium under 
Platinatks. 

CHLORO' ACETAL v. Chlobo-acetic aldehyde 
and Chloral. 

CHLORO-ACETAMIDE v. Chloro-aoktic acid, 
and Aceto-chloro- AMIDE, vol. i. p. 6. 

CHLORO'^fTAMIDO' ta Chloro-amido-. 
CHLORO'JtoETAHILIDE V . Chloro-aniline. 
>''ChlorO'aoetanilide c. Aniline, vol. i. 274. 
CHLORO-^OETENE. Is merely a mixture of 
aldehyde, paraldehyde, and COCl^ (Kekuld a. 
Zincke, A. 162, 141 ; c/. Harnitzky, A. 111,192), 
CHLORO - ACETIC ACID C^JI^ClOj i.e. 
CHjCl.CO.^H. w. 94*5. [63°J. An unstable 
modification462T (Tollens, B. 17, 664). (186°). 
S.aji 1-366. ' ' ' 

formation.— 1, From ethylene and chlorine 
neroxide (Fiiist, B, 11, 2188; A. 206, 78).— 2. 
Together with Ac(R by the*aqtion of chlorine on 
wjetic ^hydride (Gal, A. 122, 371).— 3. By pass- 
ing chlorine iqf'SrfBcetyl chloride mixed with 
iodine and decomposing the product with water 
(Jazukowitsoh, Z. 1868, 234).— 4. Chloro-acetyl 
chloride is formed, together with di-chloro-acetyl 
chloride, by boiling AcCl (40g.) with PCI* (200g.) 
lor some weeks (Miohall, J.pr. [2] 36, 95). 

Preparation.-— Dry chlorine is passed into 
a retort containing acetic anhydride heated to. 
100°, dry acetic acid being simultaneously run 
m. The acetyl chloride which is formed im 
(CH,.CO).p + Clj = OHaCLCO^H + CH,.C0.C1 
18 at once reconverted by the acetib acid into 
anhydride, which is again attacked by the chlor- 
me, and so on, so th*t*a small quantity of an- 
hydride Mmces for the ohlirination of a large 
quantity ^f acJ^tic acid. When the absorption 
or the chlorin® slackens the mixture is fraotionf 
ally distilftd (flbnts^el, B. A7, 1286 ; cf. R. 
Hoffmann, A. 102, ;fL.2. By passing chlorine 
tmough^a heated mixture of 6^ g. iodine and 
JOO o.c. nearly glacial acetic acid S.G. 1*0^. 
ine i^tmq^ product contains a little iodo-acetio 
acid (Hug% Muller, 0. J. 17, 398). 

trimetrio tablets or 
edles. Bhsters the akin; nearly inodorous., 
V. wl. water, with absorption of heat. 
osacUont , — 1 . Watstr slowly converts it oir 


heating into glycollic acid (Buchanan, B. 4,840, 
863). Caustic potash acts similarly, while baryta 
forms di-glycollio acid 04H,0j (Kekul6, A. 106, 
288 ; cf. Schwab, i?. T. C. 2, 46).— 2. Chloro- 
acetic acid (10 g.) boiled with PCI, (88 g.) yields 
tetra-chloro-ethylene and other bodies (Michael, 
Am. 9, 216). — 3. Sodium-amalgam partially re- 
ducesfit to acetic acid. — 4. By heating^^ith 
dimeihylaniline it is broken up into methyl 
chloride and COj; this decomposition is pro- 
duced by the intermediate formation of the 
body PhMe.^ClN.CEL^.CO,^, which splits up fnto 
COj, CH3CI, and dimethylaniline (Silberstein. 
B. 17, 2661). . . 

Salts. — KA' l^aq: laminre, v. sol. water but 
■ot deliquescent and not dehydrated at 100°, but 
converted into glycollic acid at a higher tem- 
perature. Tlia same change takes place when 
its aqueous solution is evaporated even below 
100°.— ;^A',: small pearly crystals, si. sol. 
water. — SaA'jaq : prisms. Decomposed but 
Slightly when its aqueous solution is evaporated, 
and separates almost completely on cooling a 
het saturated solution.— AgA' :t pearly scales; 
detonates at U0°-120°. 

Methyl chloro-acetate CH3Cl.CO..Me 
(130°) (Schreiner, ^.197, 1). V.D. 3*71 (for 3*74). 
S.G. 15 1*22; 12 1-235 (Henry, C. R. 101, 260). 
S.H. *389 (R. Sobiff, 0^17, 286). Prepared by 
passing HCl into a solution of chloro-acetic acid 
in MeOH (Henry, B. 6, 743) or from CHjCl.CO.C/ 
and MeOH (P. J. Meyer, B. 8, 1162). InsoL 
water. Converted by ammonia into chloro. 
acetamide. 

^Chloro-methyl ether CHJCI.CO2.CH3CI. 
(197°). S.G. Iff 1*322. From CH3Cl.CO.Cl and 
glycolic chlorhydrin (Henry, C. R. 97, 1308). 

Ethyl ether CHjCl.CO^Et. Mol. w. 122i. 
V.D. 4*24 (calc. 4*23). (143°) (Schreiner, A. 197, 
1); (144*6°) (Schiff, A. 220, 108). S.G. “1° 
1*1586 (Bnihl, A. 203, 21). S.H. *401. 
fAfi 1*428. Roo 43*61. S.V. 123*1. 

Formed by mixing chloro-acetyl chloride 
with alcohol m the cold (Willm, A. Ch. [3] 49, 
97 ; A. 102, 109) *, or by heating nhloro-acetic 
acid (200 g.) with alcoW (120 g.f and 113804 
(26 g.) for 6 hours at 100° (Conrad, A. 188, 218). 
Oil with ethereal oaoar. With ammonia it 
forms chloro-acetomide. it unites witjj Me,S 
at 100° forming the hydrochloride of di-methyh 
thetine (Crum Brown a. Letts, Pr. E. 28, 683). 

Chloro-acetic ether (2 mols.) heated with (1, 
8, 4) tolylene-diamj^e (3 mols.) at 100° forms 
oxy-toluquiuoxalino dihydrido thus ; 

• 80.H,Mo(NH,),+2CH,Cl.CO»Bt 

When, however, chloro-acetic ether (2 mols.) 
is heated with a smaller quantity (1 mol.) 
of tolylene-diamine at 100° a compound 
CjgHjjNjOj [147°] is formed ; it may be 

(Hinsberg, A, 

237, • * 

C»Aro.e< Ay Z efAsr CH3Cl.CO2.CH3.OH, Cl 
(198° u^or.). S.G. 1*322. From chW 
acetyl chloride and glycolic chlorhydrin (Henry, 
0. R. 97, lftp8W Also from ethylene and OLO 
ZMolder a. B. 11, 1968). 

! Pr<mymth$r OH,aCOJ?r. ( 161 °) (Sohrei. 
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oer, il. 197, 1). S.G. * 1-11 (Henry, J. pr. [2] 81, E thyl eiUr C3H01,C0^t. S.G.V 

127). S.H. *422 (Sohiff, 0. 17, 486). 1-2821 (Brtthl, A. 203, 22J. A;* 1*444. B* 52-19. 

n-Butyl ether CH,CI.COAH„. (175°). V.D. 6-38 (for 6-42). S.H. -388 (S.). S.V. 143-4. 
S.G. 2 1-103 ; IS 1-081. V.D. 6-1 (Gehring, Bl. Forrnation,—!. Together with glyoxylio rthetj)y 
[2] 46, 146; 0. B. 102, 1399). heating C,C1^ with NaOEt at 1006^160° f(/l3 

Isoamyl ether CH^Cl.CO.^O,H„. (190°). hours. — 2. Byaddingohloral hy^ate (1 mol.) to® 
S.G. s 1*063 (Hugounenq, Bl. [2] 46, 328). potassium ^ani J-e (1 mol.) in absolute alcohol : 

sm Octyl ether CH.,G1.0OAH,r. (^4°).; GCl,.(»[^OH), + EtOH-ifKCN 

S.G. -990. From octyl alcohol of castor oil "CHCIa.COjfit + HCl)if + ]^Cl + HjO. Or by gently 
(Gohring, 0. li. 104, 1000). heating chloral o/anhydfin (1 mol.) with alcoholio 

Phenyl sf/ier CH,Cl.CO,Ph. [40°]. (230°- NaOEt (Wallach.oB. 6, 114;ol0, 16217, 2120). 
236°). From phenol and chloro-acetyl chloride. Reactions.— 1. Boiling alcoholio KCy gives acetic 
Needles (Prevos*, J. pr, [2] 4, 379). and oxalic acids (Claus, B. 11, 4v6, 1044). — 

Benzyl ether CH^PhAJ. (148°) at 9mm. 2. Silver, or Na, converts it into male'te ether. 
S.G. 4 1-222. f 3. Alcoholic KOH gives glyoollio acid (ClausJ 

Chloride v. Chloro-aoetyl chloride. f B. 14, 1066). ^ 

Amide CH^Cl.CO.NEL^. Ghloro-acetamide. Propyl ether CHClj,.C02Pr. *S.H. -852. 

[119°] (Menschutkin a. Jermolajeft, Z. [2] 7, 6) ; Isobutyl ether CHClj.CO^CI^Pr. (183°). 

[116°] (Bauer, A. 229, 165). (225°). S. 10 at e<;ierCHC4C(?AH„. (244°) (Geh- 

24°. S. (alcohol) 9*6 at 24°. From chloro-acetio ring, C. R. 104, 1000). 

ether and aqueous or gaseous NH,, f)r from Benzyl ether CHCla.COj.CHaPh. (179°) at 
chloro-acetyl chloride and dry ammonia (Willm^ 60 mm. S.G. 1 1*313 (Seubert, B. 21, 281). 

A. Ch. [3] 49, 99). Thick monoclinio prisms or Amide CHClj.CONH^. [98°] fHantzsch a. 

flat plates (fronralcohol). Its aqueous solution^ Zeckendorff, B. 20, 1309). (234°). From the 
after treatment with HgO depesits slender ether and alcoholio NH„ or from chloral cyan- 
needles of Hg(NH.CO.CH,Cl),. Alcoholic KCy hydrin CClg.CH(OH).CN and aqueous NH, (Pin- 
forms C, 4 H,gClgN 40 j (?) (Schiff a. [^peciale, O. 9, ner a. Fuchs, B. 10, 1066). Monoclinio columns. 
836). Br and KOHAq give chloro-mcthyl- V. sol. hot water. It unites with chloral forming 
chloro-acetyl-urea CH,Ci.NH.CO.NH.CO.CH,Cl. CCl,.CH(OH).NH.CO.CHCl,, which crystallises 
(Wallach, A. 184, 30). from water in prisms. PClj converts it into 

Anilide CHjCl.CO.NPhH. [134°]. From CTICl.CCl-.N.POCl, ^Wallach, A. 184, 28). 
aniline and ethereal CH.Cl.COCl (Wallach a. A’i/tylawide CIiCLCONl/Et.®{59°]. (226°). 
Kamensky, A. 214, 221 ; Tommasi, Bl. 19, 400 ; Converted by PClj into CHCl„.CCl,^.NEt.POCL 
Cech, B. 10, 1376; Moyer, B. 8, 1162). Crys- (140°il50°) and CHC4CCl:NEt’(c. tC3°). 
tallises from benzene. When treated with PC^, Anilide CHClj.CO.NHPh. [118°]. Forma- 
it gives off HCl and forms a base whose hydro- lion.— 1. By the action of aniline on chloral in 
chloride is insol. water, benzene or ether, but presence of KCy or on chloral cyanhydrin (Cech, 
crystallises from alcohol in long yellow silky B. 9, 337 ; 10, 1265). — 2, From aniline, di-chloro- 
needles which appear to be CigHigClNiHCl. acetic acid, and PjOj (C.). — 3. *By farming di- 
p^Toluide CBL^Cl.CONHCaH^Me. [162°] chloro-acctamide with aniline (C.). Properties. 
(Meyer ; Tommasi, C. J. 26, 911 ; 27, 628). Crystalline scales (from water) ; si. sol. hot wateV; 

Nitrile CH,C1.CN. (124°). S.G. ^ 1*193. sol. KOHAq and reppd. by %cid3. ,, 

V.D. 2-62. From the amide and P,Og- The NitrUe CE.Cl.,.G^. (113°^ V.D. 3*82. S.G: 
yield is 60 p.c. of the theoretical (Bisschopinck, ^ 1*374 (Bisschopidek, B. 6, 732). Formed by 

B. 6,732; Engler,B. 6, 1003; Bauer, A. 229, 165). distilling the amide with P^Q^ Absorbs HCl 
Di - chlor<^- acetic acid C^.^Cl.p, i.e. forming a crystalline compound which, when 

CHCLCOjH. (190°). S.G. 12 1-622. heated in a sealed tube at 140°, splits up into 

Formation. — 1. By tlj^e chlorination of acetic HCl and a polymeride of dichloro-acetonitrilo 
or of chloro-acetic acid (Maumeni, Bl. [2] 1, 417), [70°] (Weddige a. Kornor, J. pr. [2] 31, 176). t- 
8> By tlfe action of fqueous KCy upon chloral Di-chloro-ortho-a^etic ether 
(Wallach, A. 173, 295). CHCl*.C(OEt).. (205°). Formed together with 

Preparation. — By boiling chloral hydrate other bodies by neating C^Cl, with NaOEt at 
(60 g.) with water (250 g.) and K^FeCy^ (84 g.) ; ^f00°-120°. Decomposed by water. Decomposed 
the resulting potassium salt (being extracted by by N^Et into'NaOl and di-othyl-’glyoxylio ether 
alcohol (Wallach, B. 9, 1212 ; 10, 1526). * (Geutner a. Brockhoff, J. pr. [2] 7, 101). 

Propw*fics.->-Corro|ive liquid; solidifies be- Tri-chlono-aeetiiiacidCjHCljCXi.e.CCli.CO^H. 
low 0°. Mol. w. I(i3i. [65°]. ,('x95°). S.gT V617. V.D. 

Reactwns. — 1. Converted into glyoxylio a«id 6-3. Fomalion.—!. By the ^ction of dry chlorine 
by heating with moist Ag^O. The same reaction (3 mols.) on glacial <»cetio acid (1 mofe) in asm- 
a slowly effected by water at 100°, and by shine (Dumas, A. Ch. [2] 73, 76).— 2#>By the 
alkalis (Beckurts a. Otto, B. 14, 683). otidation of chloral with HCl and KCp„ and of 

Salts. — KA' : lamina (from alcohol).— AgA'; chloral or metachl^ral with fuming &b£), (Kolbe, 
prisms, si. sbl. cold water; decomposes’^ vio- A. 64, 182). — 3. Together ♦ith CjCl, by passing 
lontly at 80°. — CaA', 3 aq : needles (from alcohol), chlorine into C^pi, under water in sunlight (K.). 

— Na{UrO) 2 A'j (Clarke a. ©wens, B. 14, 35). 4. From CCis.CO.Cl, vfhioh is formed by ehlorin- 

p-Toluidine di-chloro-acctate atfcg ether (Malaguti, A.€h. [3] 16, 10). 

CjH^Me.NHjO.CO.CHClj : [136°]; white needlos iVeparalion.—l. Chloral hydrate (rG5Jpt8.) is 
(Duisberg, B. 18, 194). just melted and fuming UNO, (63 pts.) is added. 

Methyl ether (144°) (Wal- The reaction proceeds without application %f 

laoh, A. 173, 299). S.G. ^ 1*381) (Henry, 0. B. heat, and after half an hour the liquid is frao- 
101, 260). S.H. ‘322 (Sohiff, G. 17, 286). tioually distilled (De Clermont, A. Oh. [0] 6, 186 ; 
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• [5] 2, 401 ; a, n. 73, 112, 601 ; 74, V2 ; 76. 774 ; 
81, 1270 ; c/. Torama^i a. Meldola, C. J, 27, 314 ; 
Judsori, Z. [2] 7, 40).— 2. Chloral hydrate (105 g.) 
is flexed* with KCIO3 (37ig.); as soon as the 
mixtwe is mel4ed a violent action sets in, with 
Evolution of gas, and potassium tri-ohloro-aoetate 
(120 g.) is formed (Seubert, B. !•, 33^, 3339). 

Properties. Deliquescent^ •rhombohedral 
scales. V. sol. water. Iglia^rs the a]fin. Its va- 

• pour is pungent. Markedly exhibits superfusion. 

BeactiPns.—l. /)ouo. HjSO^ forms CO, CO3, 
and HCl. — 2. Both the acid and its salts are 
decomposed 4y boiling with water or alkalis 
into COj^d chloroform. Ammonia, dimethyU 
aniline, and KCy also liberate chloroform (Sil- 
^erstein, B. 17, 2661 ; Bourgoin, Bl. 37, 403; 
G. R. 94, l48);— 3. It is reduced to acetic acid by 
fuming HI at 100° (Clermont), by electrolysis 
(K.), or, in aqueous ^solution, by (§ p.c.) po^s- 
sium amalgam (Mcdsens, A. Gh. [3] 10, 233). — 4. 
NaOEt forms sodium hhloride, carbonate, and 
formate. — 6. KoSO^Aq for CHChSOaKjCOjKl^aq 
(Rathke, A. fOl, 119).— 6. Forms a compound 
with aliminum which is decomposed 

by steam thus : (CCls.C02)2Al2Cl4 + 6H2O 
= 2CHCl3 + 2CO, + 4HCl + Al2(OH), (Elba a, 
Tolle, J. pr. [2] 32, 624). 

Salts.— KA'aq: long slender needles. Heated 
with bromine it forms CO2, KBr, and CBrCl, 
(Van ’t Hoff, B. 10,678). — KHA^2* octahedra*. 
k 20-1 at 0°; 33-75 at 20° (Seubert).— NaA' 3aq. 
On dry distilfttiSn it gives NaCl, CO, COj.COClo, 
tri-chloro-acetyl chloride, tn-chloro-acetic acid 
.and its anh^ride, and a little CaClg (HeAy, B. 
12, 1844).— NH^A' 2aq: [80°J ; prisms. Boils 
at 110°-116°, giving off chloroform and am- 
monium bi -carbonate, and leaving NH^A', which 
is solid at 160°, but at a higher temperature 
splits up i|jto l^H.Cl, CO, and COCI2 (M.). — 
NJI^HA'a : octahedra— LiA'2aq : deliquescent 
priSras — TlA'--TlH^'2~AgA': laminte, si. sol. 
water ; explodes , when heated, forming 
•AgCl, CO, CO2, ai^ tri-chloro-acetic anhydride. 
— CaA^Gaq: prismatic necflle%— CaA'jSUq. — 
SrA'nOaq : radiat^pjproups of prisms.— BaA^2 ^aq : 
very thin laminaa. — MgA'2 4aq. — ZnA', 6aq ; 
laminae.— Cu A', 6aq (Judson, B. 3, 782).— HgA', : 
prismatic needles. — Hg2A'o: small needles, si. 

• sol. water.— FbA'jaq: large prisms, v. sol. water, 
si. sol. alcohol. • 

Methyl ether CCl,.COjMe. (164°) (Henry, 
C. R. 101, 250). S.G. 1-489. S.H. -277 
(Schill, G. 17,. 286). Obtained by distilling tht 
acid with methyl alcohol and H^O, ; or by the 
action of methyl alcohol on the chloride oAshlor- 
inated aldehydp. Oil, smelling of peppermint. 

Tri-c/iZoro-mcf/iy CCljjCO.OCCl,, 

S.G. iS 1*705. (c. 20y°f From the preceding or 
frcfci mdlhyl acetate by c^ilorine in sunshine. 
Said io%e identical with the pent^-chloro-ethyl 
ether of phlpro-formio acid CI.CO.O.OOI^.CQL, 
(180°-18i°), S.«. 12 1-724 (Cahours, A. 64, 31^. 
Decomposed by moiH air and by aqueous alkalis 
into HCl, CO2, and*tri-ohloro-a^tic acid. Reac- 
tions.-^!. Ammonia gives fti-chloro-acetamide. — 

2. dZcolzb^ivestri-chlBro-acetic ether andchldto- 
formic epier-, methyl alcohol acts similarly. — 
^ Its vapour passed through a red-hot tube gives 
COClj and tri-chloro-acetyl chloride. 

Ethfl ether CCl^.CO^Et. (107°). S.G. f 
1-8826 (Brtthl). 1-4667. R« 60-67. S.H.-296. 


V.D. 6-69 (for 6-61). S.V. 163-8 (Schiflfj. Ob- 
tained by mstilling the acid with alcohol and a 
little HjSO, (Clermont, A. Oh. [6] 6, 2411. OU, 
smelling of peppermint. Heated with ECy 
and absolute alcohol it yields CO, and chloro- 
form (Claus, A. 191, 68). PCI, at 160° forms 
EtCl, POCl„ and CCl,.COCl (Michael, Am. 9. 
213). Heated with NaOEt (containing NaOH) 
ft forAs orthoformio ether, NaCl, and NaHfCO, 
(Klien, J. 1876, 621). With £,§0, it forms 
CHC1(S03K)2C02K l^aq (Rathke, A. 161, 166). 

Penta-ehloro-ethyl ether 
CCl,.CO,C2Cls. (246°). S.G. 1*79 (Mala|uti, 
A. Ch. [3] 16, 67; Cloez, A. Ch. [3] 17, 304). 
Formed by passing cflilorino through acetic 
ether, finally in sunshihe (Leblanc, A. Ch. [3] 
fO, 200). Liquid, gradually decomposed by 
moist air into HCl and tri-chloro-acetic acid. 
Reactions. — 1.* Alcohol forms tri-chloro-acetic 
ether.— 2. Ammonia forms tri-chloro-acetamide. 

3. Proloi|a;ed action of chlorine forms C-^CIb.— 

4. Passage* tlirough a tube at 400° yields tri- 
(Ihloro-acetyl chloride. 

Propyl ether CClg.COjPr. (187°) (Cler- 
lAont, C. R. 96, 437). 8.H. -30^ 

Isobutyf ether CCl3.C0.2.CH,,Pr. (188°)(J.). 

Isoamyl ether CCl,.C0.2CjH„. (217°) (C.). 

s-Octyl ether CCl.-COjC^H,,. (260°) (Geh- 
ring, G. R. 104, 1001). Light oil. 

Benzyl ether CH^PhA'. (179°) at 60° mm. 

5. G. i 1-389. 

Anhydride (CC1,.C0),0. (224°). Formed 
by treating the acid with PCI, or CClj.COCl 
(Buckney a. Thomsen, B. 10, 698 ; Clermont, 
Bl. [2] 30, 605; G. R. 86, 337). Hygroscopic 
li^^uid, rapidly converted into the acid by water. 

Ghloride v. rri-cHLORO-xcBTYL chloride. 

^wtdcCClj.CO.NH,. Mol. w. 1621. [136°]. 
(239°). Formed by the action of ammonia on 
tri-chloro-acetyl chloride, on tri-chloro-acetic 
ether, on perchlorinated acetic ether [v. supra), 
and on perchlorinated formic, carbonic, oxalic, 
and succinic ethers (Malaguti, A. 66, 286 ; Cloez, 
A. 60, 261, A. Gh, [3] 19, 352 ; Gerhardt, Compt. 
Chim. 1848, 277). Preparation.— By mixing 
NHg (1 pt.) dissolved in alcohol flO pts.) with 
trichloracetic ether (11 pts.) dissolved in alcohol 
(16 pts.). The mixture is kept cool. After 12 
hours the reaction is Complete (A. Weddige, J.pr 
[2] 33, 78). Properties.— li^nocUnio tables (from 
water) ; sweetish taste. 81. sol. water, v. sol. al- 
cohol and ether. Reactions. — 1. Ammonia forms 
ammonium tri-chloro-acetate. — 2. PjOj gives the 
nitrile.-3. PCI3 gives CCl3.CCl:N.POCl, [0. 81°] 
(0. 267°) (Wallacli, A. 184, 23). 

Giiloro-amide CCl,.CO.NHCl. [121% 
Formed by the action of*chlorine-water on tri- 
ohj^oracetamide (Cloez, A. Gh. [3] 17, 306), 
"Very volatile with steam. Large plates. Sol. 
alcohol, and ether, sl^ol. water. It dissolves in 
NHjAq with re-formation of tri-ohlor-acetamide. 
It is scarcely altered by boiling with alcoholic 
KOS. By neutralising the alcoholic solution of 
the chloro-amide with alcoholic KOH a well 
crystallisefl potassium salt (CC1,.C0.NC1K) is 
formed (Steiner, B. lo, 1600). 

Methylamxde CCl,.CONHMe. [106°]. From 
tri-chloro-acetic ether and methylamine. Crys- 
tals, si. sol. water and ether, slowly attacked by 
HNO, (Franchunont a. Elobbie, B. T. 0. 6, 234). 
Di-meth^amide OClfCONMei. [o.l2°\ 
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(388<»). 1-441. V.D. 6 08. Not attacked 

by HNO, (8.G. 1-53) (F, a. K.). 

Ethyl-amide C01,.CO.NHEt. [74°]. (230°). 
Qaadranfnilar tables. Insol. cold water, v. sol. 
aloohol, ether, or chloroform (Wallaoh a. Kamen- 
sky, A. 214, 225). PCI, appears to form the 
imido-ohloride GCl,GCl:NEt, but this gives no 
basic condensation product. 

Di-ethyl-amide CCl,.CONEtj. X27°], 

(P. aT K.) ; [90°] (Cloez). V'.D. 7*23 (F. a, K.). 
From hexa-chloro-acetone and NEt^H (Cloez, 
juri.. A, Ch, [6] 9, 146). Crystals. Not attacked 
by Dure HNO, (S.G. 1*63) (F. a. K.). 

Allyl-amide CC1,.C0.NHC,H,. [46°]. 

(190°). From *allylamii^e and hexa-chloro-acc- 
tone (Cloez). * 

Anilide CCl,.CO.^PhH. [94°]. Scalc| 

(irom alcohol) ; gives no basic condensation pro- 
doot with PCI,. 

0 - To luide CCl,.CO.NH.cAMe. [07°]. 

(216°). From hoxa-chloro-acetone and o-tolu- 
idine (Cloez, jun., A. Ch. [6] 9, 14.6). 

p- To luide CCl,.CO.NH.C,H,Xe. [80°]. 

(186°) (Cloez). « 

CCL.CN. (84°). S.G. 1*439. V.I). 
6*08. Formed ^ the action of ohlprine on ace- 
tonitrile containing iodine (Beckurts, B. 9, 1694). 
From the amide and P^O, ; the yield is 90 p c. 
(Dumas, Malaguti, a. Leblanc, C. B. 25, 442 ; 
Bissohopinck, B. 6, 732; Bauer, A. 229, 105). | 
Pungent liquid, insol. water, sol. alcohol, ether, ! 
and light petroleum. Forms a crystalline com- j 
pound with HBr which is decomposed by water. 1 
Warmed with HCl changes to trichloro-acetic ! 
acid. Polymerises when kept. NaOEt forms , 
ethyl derivatives of the nitriles of dichloro-gly- 
colUc acid, and of chloro-glyoxylic acid. 

Paranitrile (CCli.GN),. Per-chloro-tri- 
methyl-cyanidine. [96°]. Formation.— 1. Cymo- 
formic ether, CN.CO.Et, is distilled with PCI,, 
and the liquid product, probably CN.COCl, is I 
heated in a sealed tube at 160° with PCI,. The i 
product is distilled with steam and crystallised 
from alcohol. The yield is 6 per cent. (A. Wed- 1 
dige, J.pr. [2] 28, 188 ; 33, 77). — 2. From ovdi- 
nary tri-chloro-acetonitrile by saturating it with ' 
HCl and exposing it, in sealed tubes, to sun- 
light. In about a year the contents of the 
tubes solidifies. The soli^ nitrile is crystal- 
lised from alcohol. Prdperties. — Large prisms 
(from h(4 alcohol). S<ri. alcohol, benzene, ether, 
CS.^ and chloroform. Hardly sol. water. Volatile 
with steam. Reactions.— 1. Decomposed by ah 
eokoUc potash, thus : 

(CCf,.CN), + 3KOH = C,N3(PK), -f- 3CHC1,, 
forming chloroform and potassic cyanurate. — 
2. Boiled with alcoholic ammonia it reacts l^ius: 

CsNjv'CCl,), + NH, = HCCl, + C3N3(CCl3)2.NH.. 
The latter body forms flat prisms (from alcoh^) 
[166°]. It is sol. alcohol, ether, and benzene, i 
soarb^j^l. water. It is not a base.— 3. When j 
Kc^Hlillth fdcoholio NH, in sealed tubes at 
l^P^jyi^hloro-aoetic paranitrile reacts thus: 

3NH, - 2CHC1, + C,N.(CC1,)(N&,), 
The diamide ofystallises from alcohol^either in 
long {^ramids cOntaining^lcohol or in short 
8ix-|j[ded prisms without alcohol of crystLllisa- 
tion. H melts at [236°]. It is si, sol. ether and 
behzen#Ahardly sol. cold water. It forms a salt, 
0,N,(001 ,)(NHj) 2HC1 2aq., crystallising in pearly 
plates. This salt is decomposed bj^iUng water. 


Boiled with NiH,Aq it forma ammeUne, ot an 
isomeride C,N3(OH)(NH3 )o. — 4. Heated with 
NH,Aq at 120°, or alcoholic NH,, at 170° it 
forms 03N3(0H) (NHJ ^ v. Ammelink. — 6. Aqueous 
or alcoholic methylamine at 20°* f^is 
C,N3(CCl3),,NHMe. Small crystjlls [H7°f 
sol. alcohol, sol. benzene. Is not a base* 
With alcoFolio ihnmonia at 110° it gives rise to 
C3N3(CCh)(Nm)(NHI\Ie). * This Sody is also got 
from C8N3(CCl3).3(NH.2) <and alcoholic methyl- . 
amine. It forms colourfess crystals [153°-165°]. 

6. Alcoholic methylamine at» 110° ift a sealed 
tube forms C3N3(CClj)(NH]VIo).^. Email white 
crystals [207°]. Sol. alcohol and benzene. Forms 
i salts. — 7. Aqueous methylamine at 126° form^ 

I C,N.,(OH)(NMeH).,. Slender needles. Forms a 
, platino-chloride (B'HCl)2PtCl4 (Weddige ; v. also® 

I Hofmann, B. 18, 2770). , 

CHLORO-ACETIC ALDEHYDF CH^Cl.CHO. 
(85?). ft 

Formation. — 1. Froni vinyl chloride, HCIO, 
and HgO (Glinsky, Z. 1807, 078; 1808, 617; 
1870, 047). — 2. From di-chloro-etlmr and cone. 
HEO4 (Jacobsen, B. 4, 210). 

Preparation. — A mixture of chloro-acetal 
! (1000 g.) and dry oxalic acid (590 g.) is distilled 
' at 100°-150° in an atmosphere of CO.^. The 
residue consists chiefly of oxalic ether, the dis- 
tillate contains formic ether, oxalic acid, and 
chloro-acetic aldehyde. A portion (B7°-91°) puri- 
fied by fractional distillation is obtained in the 
form of a crystalline, hydrate eilher by use of a 
freezing mixture or by meansof NaHSOa. Water 
of crystallisation is removed by distillation over 
CaClj'or CUSO4. The anhydrous llldehyde is, 
however, best obtained by distilling its poly- 
meride (Natterer, M. 3, 442). 

Properties. — Colourless liquid which com- 
bines with water, forming a crystalline hydrate, 
CH.Cl.CHO Uq [43°-50°]. The Vi). (1*98) of 
the hydrate shows that it dissociates. It forips 
monoclinic crystals. Sol. water, alcohol, ahd 
ether ; blisters the skin. Reduce8tf,mtiioniacal 
AgNOp forming a mirror. « 

Reactions. — la (fxidised by HNOj to qjiloro- 
acetic acid. 2. Potassium cyeieude gives an oil 
(CH2Cl.CHO)(Cn,Cy.CnO) whence HCl forms 
acetic and chloro-oxy-propionio acids. — 3. By 
heating alone or with some H^SO, it is converted 
into o7-di-chloro-Lrotonic aldehyde.-— 4. HOI *' 
passed into a mixture of Aloro-acetib aldehyde 
and alcohol forms di-chloro-elher. 

Gomhinaiions.—\. With alcohol it forms an 
afcoholate, CH2GlCII(OH){OEt). (c. 94°). Also 
formecHrom di-^loro-etbir with water (7 vols.) 
at 120‘^(Abeljanz, A. If* , 217). Repeated dia- 
tillation converts iUinto CgHuQip^ (164°). — 

2. With acetyl chlo^de: CH^Cl.CHC^OAo). 

(0. 147°). Formed also b^^^educing the corre- 
sponding coippound* of chloral witff 
chloride by Zn and acetic acid (Cufie a.*Alilliet, 
BM9, 1611).~3. With bisulphite ^ soda: 
C.2H,C10NaHS0.,2(:^ : six-wded* tablOT (from 
water). Separates from allohol as a powder 
(containing Aaq)* Boiling NS^COg decomposes 
it without regeneratinj the chloro-aceti(f ajdb* 
hydl.— 4. With calomel : OlHgClOHg^Glj. 

Chloro-acetic paraldehyde jfCaHjCiO^. [87°]. 
(140°) at 10 mm. S.G. 2*77. V.D. 8*26 (calo.8*31b 
An amorphous porcelain-like mass into whion 
thTe aldelhyde slowly changes on keefing (pro- 
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Jjablj when not perfectly pure), lit also sepa- 
rates from a solution, of the hydrate in oono. 
EiSO*. Trimetrio crystals, a : 6 : c » -941. 
IdboI. walj^er, si. sol. cold alcohol, v. sol. ether. 
Kt it is reconverted into the ordinary modi- 
figation. Not aoftd upon by iron and acetic acid, 
by AgOlc and HOAc, by alcoholic by 
KOHAq at 100\ or by.oold NaO^t (Natterer, 
M, 6 , 619). 

Chloro-acetic orthald#hyde * 
»CH 2 C 1 .CH/ 0 H) 2 . Contrary to analogy, the 
hydrate of dnloro-adbtic aldohycft does not seem 
to have the almve formula, but appears to be 
Ofl,C 1 . 0 H^H)^.OH(OH).CH.Cl {v. supra). The 
di-alkylatea derivatives of chloro-acetic ortho- 
aldehyde are called acetals. 

Ethyl eihet CE 20 l.CH(OH){OEt). Chloro- 
aldehyde akohoiate. (93°-95°). Formed by the 
action of water at 120 ° on dichlorinated ethvl 
oxide CH.Cl.OHCl.OEl!! On distillation itforrnra 
an anhydride, (CH.^Ol.CH.OEtl^O, (163^-105°), 
•Which is split up by cone. H^SO^ into chloro- 
acetic aldohyd^nd alcohol. This body is also 
formed from di-ohloro-di-ethyl ether and potash. 

Acetyl derivative df the ethyl ether 
CH 201 .CH(OEt)(OAo). (170°). From di-ohloro- 
ethyl ether and silver acetate (Bauer, A. 1.34, 17G). 

Methyl ethyl ether OH 2 Cl.CH(OEt) (OMe) . 
(137°). S.G. LI 1-0.56. From di-chloro-ethyl ether 
and sodium methylate (Lieben, A. 146, 202). 

Di-ethyl ether CH.Cl.CHiOEt)^. Chloro^ 
acetal. (157°). ^ 1-042. •V.D. 5;38 (calc. 

5-29). Formation.— 1. When chlorine is passed 
into dilute alcohol (80 p.c.) for some time,ton 
adding water a heavy oil separates. By fractional 
distillation this is found to consist chiefly of alde- 
hyde, chloro-acetal, and di-chloro-acetal. The 
fraction 120°-170° is digested for several days 
with aqueous KOH and rectified (Lieben, A. Ch. 
[3] 66 , 313 ; K»y, Jena. Zeit. 10, 84). -2. From 
di-chioro-ethyl ether « CH.,Cl.CIIC1.0Et and 
Na01':if (Lieben, A. 146,19.3 ; Natterer, M. 3,444); 
or by long boiling with alcohol (Patorno a. Maz- 
zar^, B. 6 , 1202).— 31 From dirchloro-ethyleno 
and alcoholic NaOEt at ‘10°-60^ (l^ien, J, 1876, 
336).— 4. By warmiidg chloro-acetic aldehyde 
with alcohol (Natterer, M. 5, 497). Properties. — 
Aromatic liquid, insol. water, sol. alcohol. Not 
attacked by aqueous KOH. Does not pp. 

— keactions. •— ^ NaOEt at 160° 
?ivea CH,(OEt).CH(OEt).,. — 2. Sodium forms 
C!H,:CH.OEt (Wislicenus, A. 192, 106].-3. Boil- 
ng with powdered zinc gives EtCl and alcohol.— 
L Heating with oxalic acid gives chloro-acetic 
ildehyde and oxalic ether. HOAc acts simi- 
arly.— 5. HCl gives di-chloro-ethyl ether 
’H Cl.CHCl.OEt.-^. Poured, ifpon hfeaching- 
wvder, no action ensues, but tfpon heating over 
1 . water bath a reaction talves place and a green- 
sh liqifld collects^n the receivd!-. This^istillate 
tresently decomposes, the products being ohlor- 
ne, HCl, uncteccmiMsed chloro-acetal, di- and 
ri-chloro-aceftils, oEftoro^rm, an4 an aldehyde 
Goldberg, J.pr. 132, ip^. 

D -chloro-acetic aldehy^, 6H01...0H0. 
lol. w. 1137^ (89°). 

iL Foruiafion.#-!. By disfllling di-chloro-acetal 
^h E^SO^ ((hriraaux a. Adam, JBl. 34, 29 ; Pa- 
1868, 667).-2. By boiling CCl^iCH.OMe 
;tth mlute H^O, (Denaro, 0. 14, 119).— 8. By 
istiUiug its Hydrate obtained by chlorination 


of chloro-acetic paraldehyde {v, di-chloro-acetic 
ortho-aldehyde) with H SO^. 

Properties. — Liquid, which, in presence of 
some HOI, gradually changes to an amorphous 
solid variety, which at 120 ° returns to the liquid 
form. 

Reactions.—!. Oxidised by HNOj to diohloro- 
acetio acid.— 2 . PClj forms CHCLi.CHOl, (147°) 
(FaterA, Z. 1868, 667). 

Di-chloro-aoetio paraldehyde • 
(CHC 1 . 2 .CHO)a:. [130°]. S.G. 1-69. From di- 
chloro-acetic aldehyde (or di-chloro-acetal) <in 
presence of H^SO, in the cold (Jacobsen, B. 8 , 
87 ; cf. Krey, J. 1876, 425). Hexagonal pyra- 
mids (from alcohol). *V. qpl. hot alcohol. May 
be sublimed, but at 240° in a sealed tube, or with 
cone. H^SO, at 130°, it changes to liquid di- 
chloro-acetic aldehyde. 

Amorphous polymeride (OHClj.CHO)n. 
Formed spontaneously by the polymerisation of 
(impure ?)^i-chloro-acetic aldehyde (Friedrich, 
A. 206, 252).* Paraffin-like mass, insol. water, 
m.* 8 ol. ether, si. sol. hot alcohol. Does not 
mep; below 200°. Converted by l»at into ordi- 
nary di-chloro-Bijetio aldehyde. 

Di-ohloro-acetio orthaldehyde 
CHCl.,.CH(OH) Di-chloro-acetk aldehyde hy- 
drate' [43°] (F.); [67°] (Denaro, Q. 14, 120 ) 
(o. 120°). Formed as a Ijy-product in the pre- 
paration of tri-chloro-butyrio aldehyde by the 
action of chlorine upon paraldehyde (Friedrich, 
A. 206, 251). Micaceous scales. V. sol. water and 
ether. Oxidised by HNO 3 to di-chloro-acetio acid. 
Cone. HBO 4 converts it into di-chloro-acetio 
aldehyde and its amorphous polymeride. 

Di-ethyl ef/ier CHClj.CH(OEt).^. Di-chloro- 
acetal. Mol. w. 187. (184°). V.D. 6-46 (calc, 
6-44). S.G. i- 1-138. Formed by chlorinating 
alcohol (v. supra) or acetal (Lieben, A. 104, 114 ; 
Pinner, B. 6 , 148; Krey, /. 1876, 474). Also 
from tri-cbloro-etliyl ether CHClj.CHCl.OEt and 
NaOEt (Jacobsen, B. 4, 217). 

Reactions.— 1. Zinc-ethyl at 140° gives pro- 
pylene, ethylene, and other gases, leaving ether: 
(Paterno, C. R. 77, 458).— 2, PCl^ gives tri- 
chloro-ethyl ether CHCl,.CHC1.0Et.-?-2. NaOEt 
gives the tetra-ethyl derivative of ortho-glyoxal 
Cri(OEt),.CH(OEt), (Piiftier, B.6, 161).— 4. Cone. 
HBO, or HClAq converts it injo di-chloro-acetio 
aldehyde. Fuming HBO 4 forms a crystalline 
compound CoHjCljOj [129°] (Grabowsky, B. 6 , 
W71). According to Pinner (A. 179, 34) di-chloro- 
^etal is not converted into di-chloro-aoetio 
aldehyde by H^SO„ aitddoes not give di-ohloro- 
acetic acid on oxidation by HNO,. 

Tri-ch%ro-aoetio aldehyd^v. Chloral. 

Tri-ohloro-aoetio orthaldehyde v. Chlohal 
hydrate. 

Di-ethyl ether CCl,fcH(OEt )2 {v. p. 4)*’ 

4 An isomeride, possibly having the con^ti* 
fution CHCl,.CCl(OEt).„ [72°] (P.); [83°] (E). 
(230°), informed as a secondary product in the 
preparation of di-chloro-acetal by the chlorina- 
tion of 80 p.c. filcoliol (Pa^rno, C. R. 67, 766; 
eLieben, A. 104, 114 ; Kley, J. 1876, 476). Needles 
(from ether). Volatile with steam. It is doubt- 
ful whether it yields chloral on treatment with 
HgSO. ; such a reaction would indicate the same 
formuis as that asuibed to the liquid isomeride 
(v. p. 4). 
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TBl-CHLOEO-AOETIC ANHYDRIDE v. An- 

hydride of Tri-OHLOBo-ACETio acid. 

CHLOBO-ACETO-ACETIG ETHER G,H,C10, 

i.«. CH3.CO.CHCl.CO,Et or CHaOl.CO.CH.COEt. 
(194®). S.G.iil-19. Formed, together with SO, 
and HCl, by the action of 80,01, (1 mol.) or of 
Cl upon aoeto-acetio ether (1 mol.) (Allihn, B. 11, 
6GS% Mervea, A. 246, 68). Liquid. Akoholio 
KOH liberates chloro-acetio acid. (a)-Naj*thyl- 
amine forma C,«H,eNO,Cl [76°] (Bender, R. 20. 
2747). Fuming HNO, forms chloro-nitroso- 
ac8to-acetic ether CH3.CO.CCl(NO).CO,Et (?) 
(Priipper, A.* 222, 48). Phenyl-hydrazine in 
ethereal solution forme CftH,4N,0, [61°], which 


acetic, and formic acids. — 8. K,SO, gives 
CH3.GO.CH .. SO., K.— 4. Potassium acetate forms 
CH,.CO.CH'.OAc.-6. AlcohoHo KCN produces 
OHj.CO.CH^CN.— 6. Fuming HNO, forlns^stal- 
line nitroso-chloro-aoetone OJfi^ClNOj^llQ®] 
(Glutz, J^r. [2J 1,141). — 7. Alcoholic awmonittm 
sulphoc^nid^ gives the cr^talline sulpho- 
cyanide [114^ imido-propyl sulphooyanide 
CHj.C(NH).CH,.SaN [42°] (Norton a. Tcherniak, 
Bl. [2] 33, 203). — 8. Barium sulphocmnide forma 
CH,.CO.CH,SCM which is •an oil (Tcherniak a. 
Hellon, B. 16, 349).— 9. Broming at 100® forma 
ohloro-tri-bromo-acetone. — 10. Ammonia forms 
a compound (CH^.CO.CHgNH,^?) which g;ves 


by shaking the ether with ammaniacal solutions 
of the metallic salts.— (C„H„0,Cl)2Cu : green 
leaflets. — (CttHB03Cl)„Mg : white needles, — 
(0,H„0,Cl),Ni : light - green • powder. — 

(G.HgOaCljjCo : light-red powder fHensgen,^. 
12, ‘ 1300).— C^HsOjClNa: crystalline powder, 
V. sol. idcoholl(Conrad a. Guthzeit, B. 16, 1544). 

Di-ohloro-aceto-aoetio ether • 
CH,.CO.CCl,,CO,Et or CHCl2.CO.CH,.CO.,Et. 


is probably CH,.C(N2Ph):CH.C02Et, which may ! methylaminfi on distillation with potash (Cloez). 
be reduced to oxy-phenyl-methyl-pyrazole. • 111. Chloro-acetone (2mols.)add^ tc^an aqueows 

'Metallic compounds > — Formed as precipitates j solution of (1,3, 4)-tolylene-dian^^ne at 60‘^ forma 
shakinor the ether with ammeniacal solutions i N:CH 

nfethyl-toluquinoxaline G-n3Me<[^ | [64®] 

NiCMe 

(Hinsberg, A. 237, 368).— 12. Alcoholic KOBz* 
forms CH3 .CO.CH,.OBz (245® 380mm.) (van 

Romburgh, R. T. O.-l, 63).- 13. Cone. HCNAq 
forms the cyanhydrin CH3.C(OH)(CN).CH2Cl 
which is the nitrile of hhloro-oxy-isobutyric acid 
(chloro-acctonio acid) (C. Bischoff, R. 6, 865).^ 
Isomoride of chloro-acetone C,H,C10 i.e, 
0 

CH.2Cl.CHCH., (?) Epichlorhydrin (119°). S.GtM 
1‘194. Obtained* from glyqprin dichlorhydrin 
CH,Cl.CH{OH).CH,Cl and warnTconc. KOH (Pro.- 
vost, P. [2] 12, 160). Liquid. Combines with 
HCi, water, and HOAo forminff derivatives . of 
di-chlorhvdrin. With alcoholic NH, it forms 
C,H„ClNb.2 (Cloez, A.Ch. [6] 9,145). 

w-Di-chloro-acetone CHCl,.CO.CH,. Mol. w. 
127. (120°). S.G. 1-234^ 

Formation.— By heating di-ckloro-aceto-ace- 
tic ether with water at_180® (Conrad, A. 186, 
2.36) or by boiling it wiih HClAq for 6*nourg 
(V. Meyer, R. 16, 1165).# • 

Preparation.— By the f>rolonged action* of 
chlorine upoif w^l-cooled acetone (Fittig, A. 110, 
40 ; 133, 112 ; Mulder, Bjd^ 1007 ; Cloez, A. Ch. 
[6] 9, 146). 

Properties.- Tangent liquid, si. sol. water. 
Combines with bisulphite of soda forming 
C,H4Cl3(OH)(SO.,Na)3m. * 

Reactions.— 1. AmmmiatormBthe compound 
CHs.CO.CHC^Njy which yields methylamine 
when distilled with potash.— 2. PCI, gives tatra- 
chloro-proj^leno and a small quantity of penta- 
chlpro-prbpylene.— 3. KHS gives a yellow viscid 
booy C3H4SO, the alcoholic solution of which 
gives with lead acetate a ro(I pp. C^H^SOPbOaq 
(^Mulder, R. 6, l(M>ft). — 4. Hydroxylanvine forma 
acetoximic acid CH,.0k5JDH).CH(NOH) {v. vol.i, 
p. 38).—^. Water at 200° givesi* laotlb acid 
(Linnemann a. Zotta, A. 159,*248)^6. Potash 
splits it up into acetic and formm afids. — 7. HCN 


SOj and HCl, by the action of SOjClj (2 mols.) 
on aceto-acetic ether (Iwnol.) (Allihn, R. 11, 567)» 
Formed also by chlorinating aceto-acetic ether 
(Conrad, A. 186, 232). Liquid. Decomposed by 
dilute HCl at 180° into CO.,, alcohol, and di- 
ohloro-acetone. KOH gives di-chloro-acctic and 
acetic acids. Decomposed by KCN into HCN, 
acetic ether, and potassium di-chloro-aoftate 
(James, A. 240, 65 ; C. J. 51, 287). Di-chloro- 
aceto-acetio acid does not form metallic salts, 
nor does it react with aldehydes (difference from 
di-bromo-aoeto-acetic ether). 

Tri - oUoro - aceto - acetic ether CgH,Cl ,0, 
(223*). From aceto-acetic ether and Cl in day- 
light (Merve8,'A. 246, 70). With NaOEt it gives 
di-chloro-acetio ether. 

CHLOBO-ACETOL v. Di-chloro-pbopake. 

CHLOBO-ACETONE C.R^CIO i.e. 
CHrCO.CHjCl. (118°). S.G. IS 1-158 (Cloez). 

Formation.— 1. By electrolysis of a mixture 
of acetone and HCl (Riche, G. R. 49, 176). — 

2. Pfom acetone and HCIO (Mulder, R. 6, 1007). 

3. By passing chlorine (1 mol.) into well-cooled 
acetone (M.).— 4. By dissolving di-ohloro-propyl- 
ene CH-C1.CC1:0H2 in cone. H,S04 and distilling 
the product with water (Henry, R. 6, 190, 965). — 
5. From bromo- or chloro-propylene by the action 
of hypochlorons a(^ and HgO (Linnelhann, A. 
188, 122).— 6. By oxidation of propylene chlor- 
bydrin (from propylene glycol) with H^Cr^O, 
and H2SO4 (Morley a. ^reen, R. 18, 24). 

Preparatiem.— By passing chlorine into ace- 
tone at 16® (Cloez, A. Ch. [6] 9, 146). * 

Properties.— Pungent oil ; v. si. s^. water. 
According to Cloez it is not pungent when quite 
pure, and the pungency can be removeu by 
washing with very w€ak alkalL Volatile with 
steam. It gives a splendid crimson Colour with 
solid KOH, or a strong aqueous solution of 
KOH. With NaHSO, it forms crysto^Kna 
0,HCl(OH)(SO,Na) (Barbaglia, R. 6, 82 V. 

Reactions.— 1. Zn and«HCl reduce it *0 
aeetone.-->2. Moist Ag,0 oxidises it to glyoollic, 


gives the oyaeahydrin CH,.C(Of[)(CN).CHCl3 
or the nitrile of di-cflloro-oxy-isobutyrio acid 
(Bischoff, B* 8, 1333).— 8. Aqueous KCN gives 
crystalline tufts 8f (C,H4Cl,0)2HClf (Glutz a. 
Fischer, J. pr. [2] 4, M). ^ • 

Isomende of di-cHMO-aoet((pe C3H4CI3O. 
[44°]. (c. 168°). The ^tbe product of t^e ac- 
tion of chlorine on cooled acetone has the com- 
position of di-chloro-acetpne, although it boils 
between 117° and 170°. This appears to be due 
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to the prosenoe of this orystalline isomoride. It 
only differs from 5-di'Chloro-acetono, derived 
from diohljprhydrin, in yielding with bromine a 
di-chllm-di-bromo-aCetone identical with that 
ob||ained from w-m-ohloro-acetone, and not with 
that obtained from the said 5-di-ohloro*aoetone 
(Barbaglia, B, 7,468; CJoez). Tr^jp ccJhipound 
‘ hoff (B. 8, 1832). 


could not be obtained by Bisohoff (. 

» -0 

Another ^omeride 


(?) Ghloro- 


CHOLC^H, 

^ichlorhydrin iff) (170'^), is'formed by chlorin- 
ating epioiyorhydrm (Cloez, A. Oh. [6] 9, 145). 
Wife NHs it forms unstable CJIgClj'NOj. 

,s-Di-ohl(y:o-acetone CH^Cl.CO.CHjCl. [44®]. 
(173® cor.). V.}. G3-2. 

Formation.— 1. By the oxidation of the 
corresponding dichlOrhydrin of glycerini 
CH,C1.CH(0H).CH,C1 wit]i K^Cr^O, and H,SO,. 
Purified by means of its crystalline compound ^ 
with NaHSOjWjjich is subsequently decomposed j 
by Na^CO,. The yield is very small (Glutz a. ' 
Fischer, J. pr. [2] 4, 62 ; Hormann, B. 13, 1707 ; 
Markownikoff, A. 208, 349). ~2. By the union of 
HCIO with a-chloro-allyl chloride (di-chloro- 
propylene) CH.Cl.CChCH^ and HCIO (Henry,. | 
C. R. 94, 1428), — 3. From s-didodo-acetone and 
AgCl (Voelker, A. 192, 89). 

Properties.— Long needles or trimctric tables. 
Extremely pun^n^; blisters Ae skin. M. sol. 


aqueous solution of sodium citraconato at 100® 
(Gottlieb a. Morawsky, J.pr. [2J 12, 309).— 2. By 
the action of NaOH (1 mol.) upon hexa-w-chloro* 
methylene di- methyl diketone (hexa-chloro- 
acetyl-acetone) (CCl,.CO)jOHj (Combes, A. Ch, 
[6] 12, 239). 

Properties.— Liqmd, heavier than water, with 
frilgranJ odour. Converted by ammonia inlo 
chlorolbrm and acetamide. Does^not unite 
with NatlSO, ; but with HCN it forms 
CCl3.CMe(OH)CN (Bischoff). It unites readily 
with water, forming a hydrate C,H3Cl,0 28,q 
[44°] crystallising in four-sided priems, which is 
resolved by distillatioa o? by dry HCl into its 
constituents. The produrt of the chlorination 
of Acetone boils at 172®, and has S.G. 1-418. 
According to Cloez it is a mixture ; for it solidi- 
fies incompletely on cooling, when it deposits 
needles [o. -6°]. With aniline and KOH it gives 
phenyl-carbamine, showing the presence of 
! CCla.CO.CH,.^ 'Successive treatment with am- 
■ ii^cfiia and ICOH gives di-chloro-methyl-amine, 
indicating the presence of CHCl.^.CO.CH^Cl. 

Tri-chloro-acetone CHClj.CO.C^.Cl. (172°). 
Prom w-di-chloA)-acetono by treating with bro- 
mine and heating the resulting CHC4C0.CIIoBr 
with HgClj in presence of alcohol (Cloez). Gives 
no chloroform with ammonia, nor phenyl-carba- 
mine with aniline and KOH. 

u - Tetra - chloro - acetone CHjCl.CO.CCl,. 


water, v. sol. al^hol and ether. With bisulphite ! S.G. « 1-482. Formed by saturating 


of soda it forms long four-sided prisma of 
C,H,Cl,(OH)(SO,Na) 3aq. ^ 

Reactions. — 1. KI forms di-iodo-acetone 
[61®].— 2. Dry KCN added to its ethereal solu- 
tion forms crystalline totra-chloro-di-aco- 
tone cyanhydrin (CuH8Cl,0_,)HCN which 
differs from the isomeric body obtained from 
w-di4Bhloro-acetone in* being insol. water (G. 
a. F.).-8. HCN forms (CH,Cl),C(OH)CN. the 
ni(file of di-ohlffro-oxy-lsobutyric (di-chloro-ace- 
tonio) acid.— 4. Oximsed by KjCrjO, and H^SO^ 
to chloro -Aootio acid. * 

According to Clou^(A. Ch. [6] 9, 145) succes- 
sive treatment with bromine and HgCl^ gives 
tetra-ch loro-acetone, but the tetra-chloro-acetone 
prepared in this way from the di-chloro-acetono 
obtained from dichlorh^rin is different from 
that obtained from di-iodo-acetone. They also 
give different penta-chloro-acetones when treated 
with chlorine in sunlight. Cloez considers the 
derivative from dichlorhydrin to be « pseudo-di- 
0 # 

chloro-acetone A It does not 

CHsCl.CH;CeCl. 

combine with HOAc, but reacts violently with 
HCl, ^though the prodhet, exposed over H^SO^ 
is re-oonve|ted i||to i|/-di-chlora-acetoife. 

Tri-chlor^-acetone COlj.CO.CH,. (180°) 

(Combes). • * • ^ 

Formation.— Ohtaln$d in an impure state by 
passing chlorine into ‘acetone that is not kept 
cool, esplhially if the chloHne be somewhai 


acetone containing methyl alcohol or wood 
spirit with chlorine in daylight, the tempera- 
ture being allowed to rise (Bouis, A. Ch. [3] 21, 
111/? The fraction boiling at 1G0®-180® is ex- 
posed to a low temperature in contact with 
water, whereupon the hydrate of tri-chloro- 
i acetone crystallises out first, then a compound 
: of this with tetra - chloro - acetone hydrate 
; (C3H3Cl30)(C3H.,C1^0) Gaq [32®], and finally large 
I prisms of the hydrate of tetra-chloro-acetone 
' C^H.Cl^O 4aq [39®] (o. 179°), which may be re- 
solved by dry HCl into tetra-chloro-acetone and 
water. 

Projofirrics.— Colourless hygroscopic liquid, 
sol. water, with pungent odour. Beadffy volatile 
with steam. Turned hrown by air and light. 
Partially decomposed by distillation. With 
aniline and KOH it yields phenyl carbamine. 
Aqueous ammonia at a low temperature forma 
chloroform and chloro-acetamide. 

* 5 -Tetra -chloro -acetone CHCVCO.CHCly 
(180®). S.G. 1-43.* Formed by treating u-di- 
chloro-acetone, or thes-di-chloro-acetone derived 
from 5-di-iodo-acetone, wi^ bromine and de- 
composing the resulting CHCl^.CO.CHBr.^ with 
IlgClf in alcoholic solution at 100®. Purified 
byconversion into its cr^Y^talline hydrate [48°] 
.and subsequent dehydration by dry HCl (Cloez). 
^This tetra-chloro-acetone does not give the 
chloroftfm and oarbamine reactions. The di- 
chloro-tU-bromo- derivative obtained by the action 
of bromine om dichlorhydrin yields with HgClj 
an oil which is not attacied by ammonia. The 


alcohol (cru^ wood spirit) (Bischoff, B. 8, 1331), 
The ^rude product of the oxidation of isobutyl 
alcohol with chromic mixture may also be used 
(Kramer, B. f, 262). 

ii^flparation.—L By passing chlorine into an 


moist, or tha acetone be mixed with methyn product of Hie oxidation of dichlorhydrin gives 


with bromine CHClBr.CO.CHClBr (Markowni- 
koff), whence HgCl^ gives a faming liquid (180°) ; 
this liquid does not combine with NaHSO,, but 
yields with amminia di-ohloro-aoetamide, and 
with aniline di-ohloro«aoetanilide. Oloei oon* 
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■iders that it is isomeric, but not identical with 
s•tetra'Ohloro•acetoIle ; thus it might bo 
0 
A 

CHjCI.CH.CClj. 

Fonta-chloro-acetone CGlj.CO.CHClj. (192°). 
S.G..V 1-576. S. 16. 

• ^ormaticm.— 1. By passing chlorin% into.a 
strong solution of sodium citraconate (Jlanta- 
mour, QrtC! 11, 440). — 2. By the action of HCl 
and ECIO, on various organic compounds, e.g. 
qainic, citric, gallic, and salicylic acids, pyro- 
gallol, quinope, indigo, tyrosine, and muscular 
flesh (Stadeler, A. lit 277).-8. By the action 
of chlorine in sunlight upon commercial acetone 
or on di-chloro-acetone (Cloez, sen., Ill, 1§0; 
Cloez, jun., Bl. [2] 39, 637). Pure acetone gives 
only di-chloro-acetone when chlorinated at 100° 
in sunlight (Fittig). 

Preparation, — A solution of citric acid in 
pts. water is allowed to fall drc^ b^drop down 
a tube packed with pumice heated to 100°, up 
which a current of dry chlorine is passing 
(Cloez, jun., A- Ch, [6] 9, 145). , 

Properties. — Colourless liquid, smelling (alter 
exposure to air) like chloral. With water at 4° 
it forms a crystalline hydrate CsHCljOlaq 
(16°J, which, on fusion, separates into water and 
penta - chloro - acetone. Penta • chloro - acetone 
separates completely ffom its aqueous solution 
at 60°. Penta-ohloro-acetone dissolves a little 
water, but on wanning this separates as globules. 

JReactions.—l. Ammonia gives chloroform 
and di-chloro-acetamide [95°] (236°). — 2. Ani- 
line and KOH givephenyl-carbamine.— 8. EOH 
gives di-chloro-acetic acid, KCl, and KjCO,.* 
Isomeride of penta - chloro • acetone 
O 

CCla.CH.CClj(?). Tetra - chloro - epichlorhydrin. 
(186°). S.G. 1 1-617. By the action of chlorine 
in sunlight on the s-di-chloro-acetone from di- 
chlorhydrin (Cloez, jun., Bl. [2] 39, 639). Pun- 
gent liquid. With ammonia it gives tri-chloro- 
acetamide [139°] (236°-240°) but no chloroform. 
Another isomeride of penta-chloro-acetone 
O 

CHClj.cdhCCIj(?). (178*). From di chloro-pro- 
pylene oxide and ^nlorine (Cloez, jun., A. Ch. 
[6] 9, 146). Fuming liquid. With ammonia it 
gives di-chloro-acetamide, but no chloroform. 

Hexa-ohloro-acetone CClj.CO.CClj,. [-2°].* 
(203°). S.G. ia 1-744. V.p. 9-62. Formed by 
saturating a cone, aqueous solution of citric 
acid with chlorine in sunshine (Plaiftamour, 
B. J. 26, 428). The yield is 25 p.c. of the weight 
of citric acid. Formed also by the action of 
chlorine on (commercial) acetone in sunlight. 
On distilling the product a considerable quantity 
of hexa-chloro-benzene is usually formed. 

Properties. — Limpid liquid, which ha^ feeble 
odour m the cold, but becomes very pungent 
when warmed. Solidifies when o<^led in large 
plates. SI. sol. water. •Forms a crystalline hy- 
^te G,C1,0 aq [16°] almost insol. water. 

Beactions.~-\. With aqueous ammonia it 
forms chloroform and tri-chloro-acetamide.— 

2. Aniline forms chloroform and tri-chloro-acet- 
anilide. — 3. Water at 120°«plit8 it up into 
^oroformandtri-chloro-aoetio acid.— 4. Potash 


gives COj and tri-chloro-aoctic acid.— 6. Witlf 
o-toluidine it forms tri-ohloro-acetyl o-toluidine 
OsH4Me.NH.CO.COlj [67°] ; with p-toluidine it 
forms the isomeric body [80°].— 6. Di^thy^Otmine 
gives NEtj.CO.CCl, [90°].— 7. Allylamir^toxme 
NHCjHvCO.COlj [46°]. — 8. Ethylene-diam^ 
gives NH...CjIf4.CO.CClj [200°].— 9. Urea (Imol.) 
at 160° fornA (IO(NH.OO.CCl,f2. 

Isomeride of , he^a • chloro - acetone 
0 

A • • 

CCl3.CCl.CClj(?) (c. 205°). This substance ap- 
pears to be formed, together wlfci hexa-chloro- 
benzene, by the action of chlorine cm epichlor- 
hydrin in sunlight (Cloez, jun.). 

CHLOBO-ACETONIC ACID v. fmoBO-o^i- 


ISOBDTYRIC ACm. 

CHLOBO - ACETONITBILE v. Nitrile 


of 


CfeLOBO-ACETIC ACID. • 

(w-CHLORO-ACETOPHENONE 
CjH,.CO.CHjCl. Phenacyl chloride. Phenyl* 
chloro-methyl ketone. [69°]. (245°). Formed, 
together with di- and tri-chloro-acetophenone, 
by passing chlorine into boiling acetophenone. 
The fraction (240°-250°) solidifies on cooling, 
and is recrystallised from dilute alcohol (Grabe, 
B. 4, 35 ; Stadel, B. 10, 1830 ; Gautier, C. B. 
102, 1218). Colourless trimetric plates ; a:6:c» 
•9957:1:‘2135 (Friedlander) ; v. e. sol. alcohol and 
ether, insol. water. Its vapour is pungent. 

Reactions.~l.^KOk(i forms the acetyl deri- 
vative of w-oxy-acetophenone, OfHj.CO.CHjOAc. 

2. PCI5 forms di-chloro-styrene CfiHj.CChCHCl. — 

3. Bhroviic acid oxidises it to benzoic acid.— 

4. Ammonia passed into its ethereal solution 
forms two isomerides C,„H„C102 [117°] and 
[166°]. Boiling aqueous ammonia forms (a)- 
phenyl-amphinitrile or isoindole C,bH, 4N2 [195°], 
which crystallises from alcohol jn blue mono- 
clinic needles (V. Meyer a. Treadwell, B. 16, 
342). — 6. (1, 3, 4) -Tolylemf-diamine gives phdnyl- 

toluquinoxaline CaHjMeC^^l^pj^^ [13^°] 

(Hinsberg, A.4237, 370). * 

p-Chloro-acetophenone^4:l]C„H4CT.CO.CH,. 
Chloro-phenyl methyl ketone. [20°J. (231°). 

5. G. 1-19. From cliloro-benzene, acetyl chlor- 
ide, and AIjCIb (Gautier, Bl. [2] 43, 602). V. si. 
sol. water, miscible with alcohol and ether. 
KMnOi oxidises it to p-^hloro-benzoio acid. 

Di-w-chloro-acetophenone CgH4.CO.CHCl,. 
(248°). S.G. ^ 1-338. From di-chloro-acetyl 
chloride, benzene, and AljCl, (Gautier, C. R. 
103.812). 

Iri - « - chloro - acetophenone CjH5.CO.CCl,. 
(249°). a.G. ^ i-427. From tri-chloro-acetyl 
chloride (60 g.),ben^flne (100 g.J, and AljClj (Gau- 
tier, C. R. 103, 812). *(^1 ; slowly oxidised by 
KMn04 to benzoic^acid. • • 

TBI^-CHLOEO-ACETOPHEifONB o-CABB- 

[144°]. 


fOXYLIC ACID CCl,.CO.C,H4.f 
Formed by pasf^ng chlorine kito allot solution 
of phthalyl-acetio acid iif diluted HOAo (Michael 
a.'Gabriel, B^IO, 1666). Becomposed by alkalig 
into chloroform and phthalio acid. « 

^ CHL0B0.ACET0TH4EN0NB Thientl 

CHLOBO-METHTL KETONE. 

CHLOBO-ACETOXIM (CH,),C:NOCl. Acet- 
chloroxim. (184° unoor.) ; when quickly hdhted 
it explodes vrith violence. V.D. 4*1 (for 3*7). 
Obtained by adding a solution of bypoohlonrai 
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• 

le!d to an aqneoni eolation of aoetozim at 0** ; into HCl and tri-ohloro-aoetio aoid ; aleoho 

the liquid that separates is washed with water, gives tri-chloro-acetio ether. 

and dried over OaCl,. Colourless mobile liquid iJeflctes.— 1. followed by wate 

of pla§sant odour, which solidifies in a freezing- gives the heptyl alcohol CMe,.CMe,OH (B.). 2 

mixturl of soli# COj and ether, to colourless PH, gives CClj.CO.PH, (Steiner, B. 8 , 1178 
prfsms. V. sol. alcohol and ether, v. si. sol. Cloez, A. Ch. [3] 17, 309).— 3. ^-chloro-accti 
water. Warmei with HCl or Ilrt t setS free the acid forms the anhydride (CC1,.C0),0 (Ansohfitz 
halogens (Mdhlaii a. Holfmann, 1 &.^ 20 , 1606). B. 10, 4881 ). 

TSI-CHLOBO./8'AG£T9fL-4GHTLIC AGID i;. tm-GHLORO-AGETYL CTAKIBE 
ini-CHLORo-PHENOMALic ACID. CC1,.C0.CN. Tri-ckloro-vyruvonitHU, (118® 

TRI-GHUDEO.AOETYI-BER.'IOIG AGID t>. (H.) ; (122^) (C. a. A.). S.G. 1-659. 
TBi-CHLoRo-ACEj;o PHKN OWE CARDoxvLio ACID. Preparation . — 1. By adding AgCy 8lowl7*t< 

GHLORO’AAsTTL bromide CH^Cl.CO.Br. cooled tri-ohloro-acetyl bromide;, the reaction 
(12J°) (W.^; (134®) j[G.). S.G. 2 1-913. Pre- being finished by Ideating on a water-bath 
pared by adding bromine (160 g.) to chloro-acetic (Hollerichter, J. pr. 128., 200).— 2 . By boiling 
aoid (94 g.) §nd red phosphorus (15 g.) (De Wilde, tr^chloro-acetyl bromide with mercurous cyanide 
A. 130, 372 ; .132, 173 ; Gal, A. 132, 180). (Claisen a. Antweiler, B. 13, 1936). 

Fuming liquid. With water it forms HBr and Properties. hygroscopic liquid 
chloro-acetic acid ; aicohol gives EtBr and smelhng of prussic acid. Exposed to air it first 
chloro-acetic ether. , becomes crystalline (forming a hydrate ?) then 

• Tri-ohloro-acetyl bromide CClg.CO.Br. (140°) deliquesced. ♦ 

(H.) ; (143°) ((^). S.G. ^ 1*900. From PBr, lleactionsi—\. Water decomposes it into tri- 
(2 mol.) and tri-chloro-acetio aoid (3 mol.), chloro-acetic acid and prussic acid. — 2 . HCl 
300 grms. of the acid give 200 grms. bromide (S.G* 1*16) at 60° converts it ii^to tri-chloro- 
(Hofferichter, J. pr. 128, 196 ; Gal, C. JR. 76, pyruvic acid C(|),.CO.CO,jH. 

1019 ; Bl- [ 2 ] 20 , 11 ). Water decomposes it Polymeride (CClj.CO.CN)^. (140°J. From 
into HBr and tri-chloro-acetio acid; alcohol AgCy and tri-chloro-acetyl bromide at 150° (H.). 
gives EtBr and tri-chloro-acetic ether. Dimetric tables (from ether-alcohol) ; insol. water. 

GHLORO-AGETYL GHLORIDE CH.Cl.CO.Cl. CHLORO-ACETYLENE CHiCCl. Formed by 
Mol. w. 113. (107°). S.G. 2 1*495. Formed by boiling /S-di-chloro-acrylic acid CCljirCH.COjH 
the action of chlorine on acetyl chloride in sun- with baryta-water (Wallach, A. 203, 87). Gas, 
light (Wurtz, .dflOz, 93) ; or, together with di- which explodes spontaneously, forming carbon 
chloro-acetyl chloride by boiling acetyl chloride and HCl. It is stable when diluted with hydro- 
wijth PCI, (Midliaol, J. pr. [ 2 ] 35, 95). ForThed gen, and then, when passed into bromine, forms 
also by treating chloro-acetic acid with PCI, crystalline C.^HClBr^. With ammoniacal cuprous 
(De Wilde, A. 130, 372). Liquid, converted by chloride it forms an orange pp., and in ammo- 
water into HCl and chloro-acetic acid; and by niacal silver nitrate a white pp. These pps. ex- 
dry ammonia into chloro-acetamide. plodo violently when heated. 

ifeacfiojw.-rl. Successive treatment with TRI-CHLORO-ACETYL IODIDE CCl,.CO.I. 

nethvl and water forms methyl-isopropyl-car- (c. 180°). From tri-chloro-acetio aoid and PI, 
binori[Bogomolctz, Dl. [2] 34, 330).— 2. With (Gal, G. R. 76, 1019). 
o-amido-phenoUt form* C„H,(OH).NH.CO.CH.,Cl CHLORO-ACETYL-PROPIONIC ACID 

[196°] (Aschan, B. 80, 1623).^ It reacts simi- OjK^ClO,. Chloro-hvulic acid. 
larly with other amido-compoundsjs-S. Plwspliu- Ethyl ether MEi (225°-230°), S.G. 1-196. 

retted hydrogen foruifl chloro-acetyl-phosphide Prepared from 8 - acetyl - propionic ether 
CH^Cl.CO.PHji a white powder slowly decom- CH,.CO.CH_,.ClL.CO,^Et and chlorines Colourless 
posed by water into PH, and chloro-acetic aoid pungent liquid (Conrad a. Guthzeit,J5. 17, 2286). 
(Steiner, B, 8, 1178). CHLORO-ACETYL-FREA 

• Di-chloro-acetyl chloride CHCl,.CO.Cl. Mol. NH 2 .CO.NH.CO.CH., Cl. From urea and ohloro- 
w. 147 [. (108°). Formla by the action of PCI, acetyl chloride (Tommasi, C*B. 76, 640). *'Thin 
on di-chloro-acetio acid (Ottoa. Beckurts, JB. 14, needles (from alcohol). SI. sol. boiling water. 
1618); or, together with the preceding, by boiling With thio-urea it forms urea, HCl, and tliio- 
acetyl chloride with PCI, (M.). Pun^jent, fuming liydantom. 

liquid : decomposed at once by water. Successive Tri-obloro-acetyl-«rea NH 2 .CO.NH.CO.CCI,, 
treatment with ZnMe, and water forma (6 p.o* of) [150°]. Formed by heating tri-chloro-acetyl 
di-methyl-propyl-q^rbinol (B.).# # ohloride''with urea (Tonim^i a. Meldola, C. 

Tri - obloro - acetyl chiwide CCI 3 .C 0 .Cl. 27, 404), or urea tri-chloro-acotate with PjO, (De 
(117*9°) (Thorpe, G. J. 87^,189). S.G. 2 1*6564. Clermont, G. R. 78, 848). Needles or plates: 
O.E. (•®-10») *001095; (0°-10a°) *0013013. S.V. insol. cold water. ^ 

125*61, • • . GHLORO- AGIDS v. Chloro- compoukdb. 

Formatiot^.-^l. From PCI, and CCl,.CO.H ^ o-GHLORO-AGEYLIG AGID C,H,C10» U, 
(Gal, 0. R. n, 10»). The yioli is very smaU. CH 2 ;CC;i>C 02 H. [ 66 ®]. ( 0 . 178®). 

2. By the protracted actfon of chlorine on ether, Formation. — 1. From aiS-di-chloro-propionio 

the operation being cfinducted towards the end aoid CH. 2 Cl.CHCl.CO. 2 H by treatment with baryta 
in Bunligm (Malaguti, A. Oh. [3] 16, 6 ). Also, or alcoholic KOH (Weri^Jo, A. 170, 168; J5. 10, 
by the distillation of p#nta-chloro ’ethyl ether 1499). — 18. From o-di-ohloro-propionio aoid 
(0*01, ) 20 , 0 |; of perchlorinated acetic ether CH 3 .CCl 2 .CO 2 H and alooholio KOH (Otto a. 
^^IrCOsOjClj.—H. Together with SO, from C. 2 CI, Beckurts, B. 18, 239). 
and SO, at 150° (Prudhomme, 0. B. 70, 1137). Prqperriej.— Needles ; ▼. sol. water, but may 

Also from 0,81, and SO,. be extracted by %ther. Fuming HOI at 100® 

P/qpeifiea.— Liquid } 4ocompo8ed by water forms a/S-di-ohloro-propionio aoid. 
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Salt s.— AgA': white oryatalline pp.— KA'aq: 
needles.— BaA', 2aq : plates. 

ja-Chloro-aorylio acid CHCltCH.CO^H. [84®]. 

Formation. — 1. From ethyl tri-ohloro-lactate 
(or from ohloralide), zinc, and HGl in alcoholic 
solution (Pinner a. Bischoff, A. 179,85 ; Wallach 
a. Hunaeus, A. 193, 23).— 2. By combination of 
pr^iolio aoid with HCl (Bandrowskj, B. ,15, 

Preparation. — From ohloralide (50 g.), alcohol 
(150 g.), Zn (80 g.), HCl (80 g. of S.G. 1‘24). The 
Aaction is moderated by cooling, and after 24 
hours more JSCl (20 g.) and Zn (15 g.) are added. 
After 24 hours HCl (30 g^ is added. The alcohol 
and by-products are. evaporated off and the re- 
maining Solution is extracted with benzene. #Tho 
8-chloro-acrylio acid which is dissolved is subse- 
quently distilled with steam. 1,000 g. of chloral- 
ide yield 12 g. of j8-chloro-acrylic acid (Otto a. 
Fromme, A. 239, 264). 

Properties. — Flexible lamincs, n#sol. chloro- 
form, v. sol. water, v. e. sol. benzene. Abov^lS® 
it separates from aqueous solution in oily drops. 
Aqueous HCy^t 80® gives CHClj.CHj.COjH. 43om- 
bines with bromine (1 mol.). « 

Salt. — AgA'. 

Ethyl ether Eik'. (144°). 

a/8-Di-chloro-acrylic acid CHChCCl.CO^H. 

[ 86 °]. 

Formation. — 1. By the action of KOH on 
mucochlorio acid (Hill, Am. 3, 168 ; B. 12, 656). 
3. By heating per-chloro-pyrocoll octo-chloride 
or di-chloro-male'imide with water at 130® (Cia- 
mician a. Silber, B. 16, 2392). 

Properties.— Monoclinio prisms ; a:^:c =» 

1-1865:1:*3637 (Hill a. Melville, P. Am. A. 17, 
131). Volatilises rapidly in the air. V. e. sol. 
water, alcohol, and ether ; v. si. sol. benzene. 

Salts. — AgA': slender needles. — EA': felted 
needles.— BaA'jOq : trimetrio plates. S. 6’6 at 
18®.— CaA'j 3aq : soluble needles. 

B-Di-ohloro-acrylio acid CCl 2 :CH.CO,,H(?) 
[77^ and [64®]. This acid may possibly be alio- 
a/3-di-chloro-acrylic acid. Formed, together with 
)3-chloro-yrylic acid, by reducing ohloralide in 
alcoholic solution with Zn and HCl (Wallach, A. 
193, 20 ; 203, 84). Slender needles or mono- ; 
clinic prisms (from dhloroform) Volatile in | 
air; but cannot he distilled. After heating to j 
120^it melts at o4®, but, on keeping, tho melt- j 
ing-point rises to 77®. V. si. sol. water ; v. sol. i 
ether and chloroform. Does not combine direct^ 
with Br. Not attacked ^ water at 200®. Boil- 
ing baryta-water forms cliloro-acetyleno. 

Salt s.— KA'.— AgA'.— CaA'j2aq. — ZnA'_,2aq. 

Ethyl ether EtA'. (174°). Saponified by 
cold KOHAq. Converted by treatment with 
AgjO at 125® and saponification of the ^oduct 
by Ca(OH )2 into maloifto acid. 

Chloride CC\./.CH.COCl. (Above 145®). £ 

Amide CCljiCH.CONHj. [113®]. Noedles* 

Tri-chloro-acrylio acid CCUCCl.CO#!. [76®]. 
8. 6 at 20®. From tri-chloro-bromo-propionio 
acid and cold baryta^water (MaBory, Am. 9, 3). 
Trimetrio prisms, si. sol. water, m. hot CS^,^ 
y. sol. alcohol, ether, and chloroform. 

Salts. — KA': irregular plates, si. sol. cold 
water.— AgA': slender needles, v. si. sol. cold 
water. — CaA'^S^aq ; tulu of needles. — 
BaA', 8|aq : branches of pet^y needles. 


CHLOKS-ALDFHYDE V, OHLORO-iCETIO ALtfH 
HYDB. • 

CHLORO-ALDOXIM^CHj.CHrNOCl. Formed 
by mixing solutions of aldoxim and hypo^orous 
I acid; the liquid which sepai^tes bein|(^ashed 
with water and dried over CaClj. Colourtess 
liquid ef poeerful odour. Very unstable. De- 
composes •x;^osively« on hCating. Liberates 
iodine from HI (Mi^lau a. Hoffmann, B. 20, 
1507). • 

CHL0E0-.^IZARIN ^ V. 3hloiio-di-oxt- 

ANTHRAQDINONB. 

CHLOKO-BIALLTL V. HexSSyl chloridb. 
a-CHLORO-ALLYL ACETATE , 
CIL:CC1.CH2.0 Ac. (145°). Formed in small 
I quantity, with other products, by the action of 
KOAo on di-chloro-propylen# Ctfa-CCl.CJ&aCl 
(Henry, B. 5, 454). 

8-Chloro-allyl acetate CHCliCH.CILOAo. (o. 
158°). From di-chloro-propylene CHChCH.CHaCl 
and KOAc (Martinoff, B. 8, 1318). • 

a-CHLORO-ALLYL ALCOHOL C,HjC10 i.e. 
CH2:CC1.CH.,0II. (136^) (H.) ; fb. 138® i. V.l (R.). 
S.G. ^ 1-164. Formed by boiling di-chloro- 
propylene CHjrCCl.CHjCl (95°) with a dilute 
solution of K^COj for some nours (Henry, C. B. 
95, 849). Formed also by the action of dilute 
KOH or Ag.p upon o-chloro-allyl iodide 
CH..:CC1.CH.,I (Van Romburgh, B. T. C. 1, 
233). 

Liquid with faint aromatic odour. Does not 
attack the skin.* M. sol. wlte»; gives a-chloro- 
allyl acetate (145°) with AojO. When distilled 
wi^h much water a-chloro-allyi alcohol yields 
acetyl- carbinol CHj.CO.CH^OH. HCIO gives 
CH^Cl.CO.CH.pH. 

^-chloro-allyl alcohol CHChCH.CH^OH. 
(153° cor.) S.G. 1-162. V.D. 3-3. Formed 
by treating CHChCH.CHjCl with aqueous KOH 
at 100° (Romburgh, Bl. [2] 36,* 655). Pungent 
liquid, si. sol. water. Blisters the 8kin.**Com- 
I bines with bromine. 

DI-CHL0R0-DI-ALI7yL-AMSNE C.H^Cljlg i.e. 

I (CH,:CC1.CH,,)2KH(?) (19t®). From s-tri-chloro- 
i propane and alcoholic ammonia by heating for 
! a few days at 140° (En^er, Bl. [2] 9, 134 ; A. 
142, 72). Heavy oil, si. sol. water.— B'HGl : de- 
liquescent needles.— B'^H^PtCl,. 

Tetra-chloro-di-allyl-amino C«H-C1^N A.e. 
(CHCl:CCl.CH.,)J^n. cFrom CHjCl.CCl,.CH 2 Cl 
and alcoholic NH, at 120® (J’ittig a. PfelTor, A. 
135, 363). Alkaline liquid ; cannot be distilled ; 
volatile with steam; si. sol. water. — B'UCl; 
needles. —B'HjCoO^. 

S.CHLORO-ALLYL-BBOHIBEv.CHLOBO-fiRoMO- 

PROPANE. 

CHLORO-AITLXL -CHLORIDE v. Di-cbxiOBo- 

PROPANE. * ^ 

CHLOBO-ALLYLENE v. Propara^yl chloridb. 
CHL0!B0-AL£YL ETHYL PXII^ t;TETHTL 

CHLORO-ALLYL OXIDB. 

CHLOEO-ALLYL lOBIl^E < v* % Chlobo-xodo- 

PROPANE. * c 

a-CHLORO-AlLYL NITRATE O.H.CINO, U. 
CH,:CCl.CH'yNO,* (140°). From a^hloro-allyl 
alcohol, H^SO,, and HNO, (Henry, C. B. 95, 849), 
or from o-chloro-w-iodo-propane* CHj-.CCl.CBLI 
and AgNO,. OU (Romburgh, B. 9. 0. 1, 238). 

a-CHLORO-ALLYL THIO-CABBIMIDBi 
0,H,C1NS i.e. CIL:CCl.CHyNCS. ^(181°), From 
CH,:CCICH,C1 and potassium Bulphocyanida 



CHLORO-AMIDO-NAPHTHOIO LACTAM. S 


4Hen]^, 0. B. 96, 849 ; Bl. [2] 89,%26). Liquid, 
smelling like mustard Converted by ammonia 
into chloro-allyl thio-urea [91°]. 

CHLOJIO-ALIYL TRlO-UBEA C^H,C1N,S i.e. 
CHj^ 1 .CHj.NH.CS.NH 2. [91°]. Prepared as 
(Henry, 5. 6, 188). 

GHLOBO-AMIBEB v. CHLORn.f ompounds. 
DI-CHLOBO-AMIDOpACETIC EiTHEB 
O.n^CljNO, i.c. CClj(NHj).CO;2t. Di-chloro- 
^lycocoll Oxamethane Chloride. Frdm oxamio 
ether and P^l^ (Wallaoh, A. 184, 8). Unstable 
crystals, splitting'* off HCl* and leaving 
NH:CCl.COjat»and finally NiC.CO.Et. 

Eeactigns.—l. Water forms HCl and oxamio 
etl»er.~2. Butyl alcohol forms butyl oxamate ; 
other alcohols and phenols act similarly. — 
3.*POCl, ftrm# NH(POCl,).CClj.CO,Et [130°], 
which may be •crystallised from chloroform or 
ligroin, but is decomposed by water or heat. 

m-CHLORO-AMIDff-BENZENE (a).SULPHft- 
,NIC ACID 0«H,.ClNS0,tA 0jH3(Cl)(NH2)(S03H) 
[1:3:?]. Prepared by reducing w-chloro-nitro- 
benzeno (a).sulfhoDic acid with ferrous hydrate. 
Colourless soluble needles (Post a. Meyer, B. 14, 
1607). 

w-Chloro-amido-benzene (i3).sulphonio acid 
C,H3(Cl)(NH2)tS03H) [1:3:?]. Prepared by re- 
duction of w-chloro-nitro-benzene (i8)-sulphonio 
acid with ferrous hydrate. Plates, si. sol. water. 

Salts.— NaA'2aq : colourless needles. — 
PaA'oT^aq : colourless thick needles, v. sol. water 
and alcohol (PoBt *. Meyer, 14, 1607). 

m<Chloro<amido-bonzene (7)-sulphonio acid 
C,H3(Cl)(NH2)tBOsH) [1:3:?]. Prepared byiBul- 
phonation of m-ohlor-aniline. Sparingly soluble 
crystals. 

Salts.— NaA'^aq: yellowish needles. — 
NaA'2aq: colourless needles. — BaA'.^aq: small 
yellow needles, sol. alcohol.— SrA'Jaq : long 
coIourIe.ss needles, sol. alcohol and water (Post 
a. MIyer, B. 14, 1607)* 

Di-chloro-a^jiido-beqzone sulphonio acid 
CafI,^Cl.(NHJ(SO,H)* From amido - benzene 
m-sulphonic acid and chlorine (D^kurts, A. 181, 
212), Slander needli^s (containing 2aq) : si. sol. 
water, 

CHLORO'O-AMIDO-BENZOIC ACID 

C,H3C1(NH,)(C0,H) [1:4:6]. Chlaro-anthranUic 
dtid. [204°]. 

Formation.— ^om cnloro-isatoio acid and j 
cone. HCl (Drosoh, J.pr. [2] 33, 60). 

Properties.— Lon% white needles (from alco- 
hol). V. sol. glacial acetic acid, epetone, and 
alcohol, sol. ether, benzene, and water conkin- 
ing HCl, m. sol. chloroform, si. sol. water. •its 
solutions have a yellowish ^lour and exhibit 
violet fluorescence. • 

iwide C,H,Cl.(NB^).mNH,. [172°]. By 
the dbtion ^of hot NH^Aq upon ohjpro-isatoio 
acid. PlaHieedTes (from alcohol or from water). | 
Bol. alcohol, acq^ono, and glacial acetic acid, l^ss 
sol. ohlorofolte, etlfer, benzene, »id water. 

ChlorQ-o>amido-benzoiio acid 
C«H301(Ni)(CO^) [1:2:3]. . • 

GhhrO’C^nihranilic acid. [148°]. Froms 
chloro-nitro-hpnzoic aci(f [136°] by reduction 
(Cunze a. Hiibner, ^4. 136, 111 ; Hiibner a. Weiss, 
6* 176). Long needles, ▼. al. sol. water.— 
U'2aq. - _ C8A',l}aq. - - 


Chloro-m-amido-bencoie acid 
C,H3C1(NH3)C03H [1:2:4]. [212°]. Obtain© 

by reducing the nitro-acid [180^ (Reveill, A 
222, 184). Formed also by boiling the diaze 
imide of benzoic acid with HCl (Griess, B. 1£ 
315). Reduced by sodium amalgam to m-amidc 
benzoic acid. Salts. — PbA'j. — CuA'- - 
HA'H,JO,. 

CMcro-m-amido-benzoic acid ^ 

C«H3Cl(NH,)CO,H[l:2:6]. [185°]. Forkedtogethe 
with the [1:3:4] isomeride by boiling the w-diazo 
imide of benzoic-acid ChH^Nj.COjH with KG 
(Griess, B. 19, 316). White tables or smal 
prisms. V. sol. hot water. " 

Chloro-m-amido-benzo^ acid 
C^3C1(NH2)C03H [1:4:6]. [212°]. From th( 
nitro- acid [166°] by Sn and HCl (Wilkens a 
Rack, A. 222, ,198). Brownish needles (from 
water); v. sol. water or alcohol. Reduced bj 
sodium amalgam to m-amido-benzoic acid. 

Salt sjs-PbA', 1 1 aq.- (A'Cu),0.— HA'Ha.- 
H^'H,SO,.-fiA'HN 03 . 

s-Chloro-m-amido-benzoic acid 
C,H3C1 (NHj)CO.H [1:3:5]. [256°]. From 

C,H3Cl(N03)C(\H [147°], Sn, and HCl (Hiibner, 
A. 222, 90). Long needles ; v. sol. alcohol or 
ether, si. sol. water. 

Salts.— BaA'j 4aq.— AgA'.— CuAV 

Dl-chloro-o-amido-benzoic acid 
C3H,CU(NH,)C0,H [1:2:4:5]. Di-chlaro^an. 
thranilic acid. [222°-224°]. Formed by boiling 
di-chloro-isatoic acid with cone. HCl (Dorsch, 
J. pr. [2] 33, 62). Needles. V. sol. ordinary 
solvents, except water. 

Amide C3H,Ch.(NH3)CO.NH,. [284°]. From 
di-cliloro-isatoio acid and aqueous ammonia. 
Short thick needles (from alcohol-acetone). SI. 
sol. all solvents. 

Tri-chloro-amido-benzoic acid 
C«HCl3(NH3)(CO,H) [1:3:6:2:4]. [210°]. From 
tri-chloro-nitro-benzoio acid, tin, and HCl (Beil- 
stein a. Kuhlberg, A. 162, 240). Small slander 
needles (from water) ; si. sol. boiling water. Does 
not unite with acids.— BaA'j 3aq. 

Tetra-cbloro-amido-beazoio acid 
0,C1^(NH.,).C0^ [1:2:3:4:6:6]. Tetra-chl&ro- 
anthranilic acid. Obtained by reduction of 
tetra-chloro-nitro-benzflic acid with tin and 
HCl. Colourless amorphous solid. sol. 
alcohol, nearly insol. water (Tust, B. 20, 2441). 

DI-CHLORO-o-AMIDO-BENZOIC ALDEHYDE 
•C,H3Cl3{NH.,)CHO. [78°]. Obtained by reduction 
of di-chloro-nitro-hgnzaldehyde with FeS04 
and NHj (Gnehm, B. 17, 764). Yellow needles. 
SI. sol. water. 

GHIOBO- AM IDO-NAFHl^LENE v. Chlobo- 


NAPHlBYItAMIME. 


Chloro-dLamido-nap^thalene v. Ohlobo* 

NAPHTHTLENE -niAMINB. 


CHLOBO-AMIDO-(a)-NAPHTHOIC LACTAM 
• NH-CO 


0„H,01N0i.^ 



[270°]. Chloro-amidth 


(aynaphthoid. Ohloro-napfUhoatyril, Formed 
or reduction of ohloro-nitro-(a)-naphthoio soid 
[236°] with FeS^ and NH,. Yellow needles 
(from alcohol) (Entraod, B, 18, 2881). 



OHLORO.AMIDO.NAPHTHOIO LAOTAM. 


Di-oMoro-axnldo-naplitlioio lactam 
XO 

I Di-chloro-naphthostyril. [265®]. 

\nh 

Formed by ohlorination of the lactam of amido- 
jaj-naphthoic acid. Also by heating nitro-(o)- 
naphthoic acid [215®] with excess of fuming HCl 
for two hours at 140®-150®. Yellow needhs (from 
aoeiie acid). SI. sol. alcohol (Ekstrandf B. 19, 
1132). '' 

CHLORO-o-AMIDO-PHENOL 
C.H,01(NH,)(OH) [1:3:4]. From ohloro-o-nitro- 

? henol, tin, and HCl (Faust a. Saame, A. Supj^l. 

, 193).— B'HCl: lan\infe (from water). 
mthyl ether C-oH3(5l(NH,)(OMe). C/iZoro- 
anisidiTie [52®]. (260°). From the nitro- c(^m- 
pound. White needles or prisms. Sol. alco- 
hol, ether, and benzene. , Salts. — B'HCl: 

colourless soluble needles. — BjHjCljPtCl,: soluble 
yellow needles. 

Picrate B'C8H,(NO,),OH [abmt 200®]; 
yellow needles, sol. alcohol and ^ether, si. ^ol. 

Acetyl derivative [150°], (326°), glisten- 
ing plates (Herold, B. 15, 1685) ^ 

Chloro -p. amido - phenol C,H3Cl(NH,)(OH) 
[1:3:6], [163°]. From p-nitro-phenol by treat- 
ment with KClOj and HCl and reducing the 
product with tin and HCl (Kollrepp, A. 234, 6). 
Unstable needles, v. sol. alcohol and ether. 
Bleaching powder and HCl give chloro-quinone 
ohlorimide C,H3Cl(NCnO. Salta.- B'HCl : 
trimetrio plates. — B .^HEO, 2aq : scales.— 
B'HjCjO^S^aq: needles. — TartrateB'C^HjO,: 
monoclinio crystals, insol. water. 

Dl-ohlor<H>-amido-phenol ^ 

CaHj0L(NH3)(0Hl [1:3:6:6]. From di-chloro- 
nitro-pnenol [121®] by tin and HCl (Fischer, A. 
SuppL 7, 189). Unstable scales ; reduces 
AgNO„ forming a mirror.— B'HCl ; ppd. by 
HCl from solution,— B'^H^SO,. 

Di-chloro-p-amido-phenol 
C.H,Cl,(NHJ(OH) [1:3:6:2]. [167°]. From di- 
oWoro-nitro-phenol [125°] by tin and HCl 
(KoUrepp, A. 234, 10; Seif art, A. Stippl. 7, 202). 
Keedles (Rom water) ; may be sublimed. Oxi- 
dation gives di-chloro-quinone. llCi and bleach- 
ing powder give di-f.hloro- quinonimide. — 
B'HCl. — B'HBr: hexagonal plates ; v. si. sol. 
oold^ater. — B'^H-ISO, 3aq : needles. — ^B'HNO, : 
[110°]; plates.— B'H;,C20, : needles. 

Di-ohloro^amido-phenol CjHXlatNHjJ (OH). 
[178°]. Formed by passing HCl into an ethereaf 
solution of p-nitroso-pheibol (Jaeger, B. 8, 895J. 
Needles ; may be sublimed. Is porhr^s identi- 
cal with the preceding. ® 

Methyl ether C«H201,(NH2)(OMe). [72®]. 
Formed by passing HCl into a solution of 
p-nitroso-phenol in M|pH (J.). Long slender 
needles (from dilute alcohol). 

Ethyl ether. 0,H,Cl3(NH3)(0Et). [46®].* 
(276°). t 

Tri-chloro-m-amido-phenol 
C,HCl,(NHj)(OH) [1:3:6;6:2]. [95®]. Formed 
from tn-ohloro-nitro-ptenol C,HCla(NOj)(OH) by ^ 
reduction with tin and HCl (Daccofeo, B, 18, 
1166). Colourless silky needles. V. sol. alcohol, 
ether, benzene, and hot water ; Fe^Glg gives a 
m>lendid violet-red colouration. 
Trl-ohloro^amido-phenol* 

0,H01,(NBy(OH). [159°]. 


Formation .— From p-amido-phenol b/ 
ohlorination ; the by-pfoduots are tri- and 
tetra- chloro-hydro-quinone (Lamport, J.^. [2] 
83, 371).— 2. From quinono chloro^irai^ and 
cono. HCl (Hirsoh, B. 11, 1981^ 13, 190f ). ^ 

Preparatim . — JBy passing chlorine gas ifto 
cono. HCl iii which p-ami^o-phenol hydro- 
chloride is luspendod.' The reaction is ended 
as soon ^s a portion ef the crystalline product 
dissolves completely in water and gives, on add- 
ing bleaching<)owder soUtion, flCcculent tri- 
chloro-quinone chloro-imide, while the super- 
natant liquid shows no turbidify (which would 
be duo to oily di-chloro-quinone chloro-imide). 
The base is precipitated by NaUOj (R. Schmitt 
a. M. Andresen, J. pr. [2] 24, 42^). , 

Properties . — Glittering neeqles (from alco- 
hol). Is a weak base, its hydrochloride being 
decomposed by boiling svith water (Hirsoh, B. 
13, 1903). 

Reactions.— 1. NaOH solution and air convevIT 
it into tri-chloro-quinone.— 2. 1^ diazo- reaction 
it yields tri-chloro-phonol [64°];— 3. Bleaching- 
poiuder and IICl give tri-chloro-quinone chlori- 
I mide. Salts.— B'HCl. — B'.,H, SO/, small needles. 

I CHLORO-p-AMIDO-PHENOL v-SULPHONIC 
ACID C„H3C1(0H)(NH.S03H) [1:2:5]. Formed 
by adding cono. aqueous NaHSO, to mono- or 
di-chloro-quinone chlorimide, air being excluded 
(Kollrepp, A. 234, 21). Anhydrous needles (from 
hot water), whicligohange un^r water to trimetric 
prisms (containing 2)aq). Bl.^sol. cold water, 
insol. ether. Reduces boiling Fehling’s solution. 
Gi^s a silver mirror. Converted by nitrpus 
acid into the diazo- acid CjHjOlN.SO, 3aq which 
crystallises in prisms. Salts. — ZnA'j*. trime- 
tric prisms.— Ni A',. — CuA'^: minute yellowish- 
brown needles, insol. cold water. 

CHLORO-o-AMIDO-DIPHENYL 0,jH,oClN 
i.e. CijHXKNHj). [48®]^ Formed by reducing 
n-nitvo-diphenyl with tin and HCl (HiilAier a. 
Osten, A. 209, 349). Lc^pg needles (from dilute 
alcohol) ; si. sol. water, % e. sol. alcohol and 
ether. Its sfilts are partially decomposed by 
water. — B'HCl; laminie.-^B'jHaPtOl*: orange 
tables.-B'HNOa.-B'sH.SO^. 

Chloro-di-araido-diphenyl 
C„H,(NH.j .C3H,CLNH3. Formed by allowing an 
alcoholic solution of benzene-azo-n-chloro-brti- 
zene mixed with SnClfand a couple of drops of 
H,S0, to stand in the cold. The base was not 
isolated in a pure state. The hydrochloride 
B"H3Cl2 foiyas white concentric needles (Mentha 
a. Heumann, B. 19, 2970). 

^i-ohloro-di-amido-diphenyl 
C3H3C1(NH*).03H,C1(NH2). tPO®]- Formed by 
treating ^’'Ohloro.Benzene-azo-^j-chloro-benzene 
0rtH4Cl.N2.C,^j01 with^nClj (Schultz, B, 17, 
464). Gl^^ringAaminse.-B'H^SO®. c 
CHIORO-DI-AMIDO-DI-PHENYfi-AMINE-o- 
CARBOXYLIC ACID . , 

C,H2Cl(NH2)2.i6H.C,H,.C02Hi [c. 240®]. Formed 
by reduction of ohloro-di-nitro-di-phenyl-amine- 
o-oarboxylio acid with tin'and HCl (Jourdan, B. 
18, 1466). Coloufless felted needleff. SI. sol. 
not water and ether, nearly inso^ benzene and 
ligroin. Fe^Ol, gives a brownish-violet coloura- 
tion. 

DI-CHLORO -TRI - AMIDO -TRI-PHEUYL- 
CARBINOL 0„H,XL2N,0 i.t. o 
C(0H)(0,H,CUN^,(0,H*NEg. IH-chloro-pai^ 



OHLOEO-AMYL-ALCOHOU 


' fo$aniUM, Formed b7 heating j7-toluidine (21 g.), 
o.ohloro*toluidiDe (50 g.), and aqueous arsenic 
acid (106 g. of 76 p.o.) at 190° (Heumann a. 
Hei4J^ergt«jB. 19, 1989). Lustrous green mass. 
Dje^Mnuch bluer shade than ordinary rosani- 
U#e. 

CKLOBO-lMIDO-FHENTLEIie ]i(EECAF- 
TAK 0,H,01NS, le. 0,H[|Cl(NBy(ae), [.8;6:2:1]. 
From the ohloride of gt-ohloro-nitro-benzene 
disulphjnio acid by tin and HCl (AUSrt, B. 14, 
1486). Doei not ro%ct with formic acid. 

CHLOBO-AMIDO-PHENYL-fcHYLENE tr. 

ClnXiORO-AlIZl>0-l#TaENB. 

CHIOlU) - AMIDO • PHENYL • GLY0X7LIC 
AOIB V. ISATIN. 

CHLORO.AUIDO PHENYL MEBGAPTAN 

OJI,Gl(N^(SH). [130°]. From m-chloro- 
nitro-benzene sulphonic acid, tin, and HCl 
(AUert, B. 14, 1435).-J3'HC1. . 

Exo . OHLOBO - «so. AMIDO ■ PBOPYL - P YBO- 
sGATECHIN Mono-methyl ether 
C,H.C1.0,H,(NH2)(0Me)(0H) [1:5:3:4]. [97°]. 

From nitro-eufenol C3H,.CaH.,(NO,)(OMe)(OH) 
by tin and HCl (VVcselsky a. Benedikt, M. 3, 
389). Pearly plates (from alcohol). — B'HClaq, 
TBI-GHLOBO-AMbO-PYBIDINE C4H3CI3N, 

probably 

in small quantity, together with di-chloro di- 
oxy-amido-pyridine, tri-chloro-oxy-amido-pyri- 
dine.and tetra*ohloro*amido-pjridine,by heating 
glutazine withCCB, (6 to 7 pts.). Long felted 
colourless needles. Sublimable. V. sol. alcohol, 
si. sol. hot water. Dissolves in aqueous ogids, 
blit not in alkalis. Its bromo -derivative 
forms flat colourless needles [223°] (Stokes a. 
Pechmann, B. 19, 2710 ; Am. 8, 392). 

Tetra'Chloro-amido-pyridine OjHaNjCl, pro* 

bably N<^q};^^}>C.NH 3. [212°]. Formed, 

together with an eqiftil quantity of tri-ohloro> 
oxy-amido-pyr^dine, and small quantities of di- 
oliloro-di-oxy-amidojp/ridine and tri-chloro- 
amido-pyridine, by neating glat^ine with PCI, 
(6 to 7 nft)lB.). Thin colourless ^ates or cubical 
crystals. Sublimable. Sol. hot benzene, m. sol. 
hot alcohol, si. sol. cold alcohol, insol. water. It 
does not dissolve in aqueous alkalis, and only 
slightly in cone. HCl. Alcoholic NaOEt forms 
CiHjNjCljfOEt) [83°] • and 03H,N8Cl,(OEt)3 
[98°] (Stokes a. Pechmann, B. 19, 2710; Am, 
8, 396). 

DI.CHLOBO*DI-AHlDO.aXHNONS , 

C.0l2(NHi)303. Ghloranilamide. Prepared by 
adding crystallised tetra-chloro-quinone n||)bod 
up with alcohol to a boiling alcoholic solution 
of ammonia ; aftir the tetr^-chloro-qtiinone has 
dissolved, the compound s'eparates in brown 
need^ss (Laurent, Bev* Scient, 19, 141 ; A. 52, 
347 ; Knoll) a. flohultz, A.2lu, 186)r Dark lus- 
trous needks, insol. water, alcohol, and ether i| 
readily subflnfbd. Its 8oluti<m in alcoholic 
KOH is violet. Boiling BnCl, forms unstable 
0,Ol3(NHA3(OH),. Fuming HNO, forms chloro* 
picrin ami oxalic acid. • 

«.GHLOBO-o-AUIDO||3TYBENX • 

OjH,(NHJ.Cfe:CHCl, o-Amido-phenyl ca-chloro- 
*thyme. White couMntrio prisms. Y. sol. 
aloohcd and ether, ▼. si. sol. cold water. Formed 
by reduotiomof w-ohloro-o-nltro-styrene with tin 
and HOI, By heating with sodium ethylate at 
Vol.1L 


about 170° it gives indole.— BUCl : colourlei 
needles, v. sol. water and alcohol (Lipp, B. 1' 
1071). 

GHLOBO-AMIDO-SULPHO-BENZOIG AGI 

OyH^ClNSO, i.e. C.H3C1(NH.3)(S03H)(C0,,B 
[l:2:a;:3]. From chloro-o-amido-benzoio acid an 
fuming H3SO4 (Cunze a. Hiibner, A. 135, 113).- 
BaA" : flumps. 

CnfoBO-AHIDO-THYlfOL ^ 

C,HClMePr(NH3)(OH). [101°] (A.) ; ^103°] (S.) 

Preparation.—l. By pouring 4 vols. cone. HC 
upon thymo-quinone-chloro-imide (q.v.); tjju 
liquid begins to boil and yellow crystals separate 
The liquid is shaken with ether, ahd the ether 
containing ohloro-thylno-^uinones, is decanted ; 
tl^ residue, in which the ohloro-amido-thymol 
hydrochloride is suspended, is then filtered and 
decomposed by Na^CO,. It dissolves in excess 
of Na^CO., giviiTg the solution a green colour 
This must be avoided.— 2. In a similar waj 
from chlqgo-thymo-quinone-chloro-imide (q.v.), 
3. From tnymo-quinone-oxim (nitroso-thymol) 
aift cold fuming HClAq (Sutkowski, B. 19, 2315). 

^Properties. — Glittering crystala(from water). 
V. sol. alcohol and ether (Andresen, J. pr. [2] 23, 
175). Bleachinf-powder forms chloro- thjrmoqui- 
none chlorimido. Heating with chloranil in 
HO Ac produces a red dye O^nH^jCljNjO, [232°]. 

GHLOBO-AHIDO-TOLITENE v. Chlobo-tolui- 

DINE. 

GHLOBO-AMIDO-XYLENE v. Culobo-xtu* 

BINS. 

eax^-Ghloro-amido-o-zylene 
ClCHi.C^H^.CHjNHj. Formed by the action of 
HClAq at 200° on its phthalyl derivative (Strass- 
main, B. 21, 681). 

Phthalyl derivative 
[l*2]CiGH30,H4.CH.,.N(C0).AH4Cl-2]. Exo, 
chloTo-xyUne-phthalimide. [140°]. Formed by 
the action of exo-di-chloro-o-xylene (1 mol.) on 
potassium phthalimide (1 mol.) at 200° (Strass- 
mann, B. 21, 580). Prisms (from alcohol). 
Heated with HClAq to 200° it is converted into 
phthalio acid and exo-chloro-amido-xylene. 

w-GHLOBO-ISOAMYL AGETATE 
04H,.CHC1.0 Ao. (118°-128°). S.G.i-WL From 
isovaleric aldehyde and AcCl (Maxwell Simpson, 
Pr. 27, 120). Liquid^ slowly decompose by 
water. 

Tri-ohloro-sec-amyl-aoettfte • 

CHMe(C,H4Cl3).OAo. (129°-134°) at 25 mm.i 
(227°) at 726 mm. S.G. 1‘305. From me- 
* thyl-tri-chloro-propyl oarbinol and AcCl (Garza- 
rolli-Thurnlackh, A.^2d, 151), 

CHUIBO-AMYL-ALCOHOL C^HhGIO ».«. 
C-H, 3C1(0H). Amyleneglycdchlorhydrin. (155°). 
From crude amyJene and aqueous HCIO (Cariua, 
A. 126, 199 ; Eltekofif, J. R. 14, 860). V. sol. 
water. Decomposed b|r potash with formation 
of amyleno oxide. NOjSO, forms oxy-pentane 
sulphonic acid (q. v.). 

TriiDhloro-ainyl alcohol O3H3OI3O «.«. 
CH,.CHCl.CCl,.GHMe.OH. [605°]. (109°) at 
20 mm* ; (12r) at 41 mnn From tri-ohloro-butyrio 
aldehyd^nd ZnMe, in* ther, followed by water 
(Garzarwi-Thumlackh, A. 2^, 149). 

Prqporf T43.-^ Silky needles grouped inrosettei 
(from ether). Smells of camphor. Volatile 
steam. Faintly yoluble in water, v. sol. aloolliel 
and ether. Carbonised by cono. H,S04. ^ 





OHLORaAMrL-ALCOHOL. 


Reactions. — 1. Warra fuming HNO, gives 
CO, and tn<ohloro>butyrio acid. — 2. H3SO4 and 
E^Gr,0, give the ketone OjH4Cl,.CO.Me (191®- 
193®).— 3. Finely divided iron and acetic acid 
reduce it to chloro-pentenyl alcohol {q. v.). 
CHLOBO-AMYL-ANTIffiACENE C„H„C1 or 

[71'>]. Prepared by Ohio- 

tinktion ol amyl-anthracene in CHCI. Light 
yellow nSedlcs wth blue fluorescence. 

Picric acid compound : red needles (Lie- 
<}ermann a. Tobias, B. 14, 797). 

a-CHLO^O - n . AMYLENE C,H,C1 i.e. 
CH,.CH,.CH,.CCl;OH,. ir96®). S.Q.^‘*872. From 
amylene chloride and alcoholic KOH (Bruylants, 
B. 8, 411). f 

w-Chloro-iso-amylene (CH,)2Cll.GH:CnCl. 
(86®). Fromi8oamylidenedichk)rideFrCH,.CHCL 
and alcoholic KOH (B.). 

Chloro-amylene OjHbCI. Valerylene hydro- 
chloride, (100®). From valery4eni and fuming 
aqueous HOI at 100® (Reboul, ^r.*l867, 173> 
Isoprene hydrochloride CjH,Cl. (85®-91''). , 
S.G. 9 -OSS^iBouchardat, C. R. 89, 1317). 

Di-ohloro-amylene CHs.QHiCCl.CHCl.CH,. 
(142®-144®) at 736 mm. From chloro-pentenyl 
alcohol 0,H4C1.CH(0H).CH, by PCI,. Partly 
converted by boiling water into chloro-pentenyl 
alcohol (GarzarolU-Thurnlackh, A. 223, 160). 

Di-chloro-amylene C,HhC1o. (146®). Fromtri- 
flhloro-hexoio aldehyde and cone. KOHAq (Pin- 
ner, A. 179, 35 ; B. 10, 1052). Gives with bro- 
mine C,H,Cl,Br, (230®-240®). 

Tri-chloro-amylene C^H,CI,. (200®). From 
tetra-chloro-pentane (240®) and aJcoholiuKOH 
(Bauer, C. B. 51, 572). 

CHLOBO-AMYLENE DI-CABBAMIC ETHEB 
0„H,,01N304 i.e. C,HBCl(NH.CO.,Et)3. [130®]. 
From isovaleric aldehyde, carbamio ether, and 
HCl (Bisohoff, B. 7, 633). 

CHLOBO-BI-AMYL SUI.PH0NE 
O^Hj 0G1.SO2.G,H„. (330®). Formed together 

with di-ohloro-di-amyl sulphone (C,H, 001)380^ by 
treating di-amyl sulphone with ICl, at 130® 
(Spring a. Winssinger, J5i. [2] 41, 307). 

CHL6BO.AlfETHOL C„H„ClO. [6®]. (268®) 
(Ladenburg) ; (229®) (Landolph). S.G. 2 1'115 
(Lad.) ; 1*191 (Lanjj. Prepared by the action 

ofPCQj on anet^l (Ladenburg, A. Suppl. 8, 90). 
Bjrtreatment with KOH it gives a mixture of two 
liquids, the first of which, C,4H,.„0j, boils at 
(268®--270®),and the second can be converted i^o 
the first by more prolonged action of the KOk 
(Landolph, B. 18, 148).*’ 

CHLOBO-ANGELIC ACID 
CH,.CC1:CH.CH^3H (?) [104®]. The ethyl 
ether is formed by treating di-chloro-angelic acid 
in alcoholic solution with zinc and HOP (Pinner 
a. Klein, B. 11, 1498)t 

Ethyl ether 'Etih!, Liquid. ^ 

Isomeride 0 . Ghlobo-tiolio acid. 
Di-chloro-angelic acid i.e. 

CH,.CC1:CH.CHC1.C02H(?). From chloro-oxy. 
angelic acid and FGIa (Pinner Klein, B, 11, 
1498), Oil. 0 • 

OHLOBANILIC ACID 0. p-Bi-cauom-p-m- 

OXT-qCINOMlS. 

o-CHLOBO-AinLIirE C«H,C1N is. 
aH4Cl(NH3) [1:2% Mol. w- 1274. (207® i.V.). 
S.afl 1-2338. 


Formation . — By reduction ol o-ohloro-nitrB- 
benzene. May be separated from p-ohloro-ani- 
line by distilling the sulphates with steam, that 
of o-ohloro-aniline being decomposed (Bailstein 
a. Kurbatoff, A. 176, 27). • 

Salts.— B'HCl; trimetric plates: S. 10 at 
15®.— B'HN®,; S. 10 atl3*6®.— Picrate ; v. sh 
sol. cold wA;es; si. soi aloohf>l. 

Acetyl dsrivo4ivs OeH40l(NHAoi. [88®]. 
Long flat needles (from dilute HOAo) (BeilstSin 
a. Kurbatoff, 182, 100), e 

wi-Chloro-aniline C4H4C1(NH,) [1:8]. (230* < 
i. V.). S.G. 2 1-248. From m-thloro-nitro-benz- 
cne (B. a. K.). Its salts are hardly decomposed 
by boiling water.— B'HCl. — B'HBr: long red 
needles (Staedel, B. . 16, 28). — B'HNO,.— 
B'2H2S04 : si. sol. cold water. • ® 

Acetyl derivatios C4H4C1 (NHAo). [73®], 
cNocdles. • 


p.Chloro.aniline CuH^C^NHj) [1:4]. [70®]. 

(231® i.V.). • ^ (. 

Formation. — 1. By distilling chloro-isatin 
with KOH (Hofmann, A. 53, Ijfl— 2. By reducing 
p-chloro-nitro-benzene with SnCl,.— 3. From its 
acetyl derivative obtained by chlorinating acet- 
anilide (Mills, P. M. 49, 21). 

Properties. — Trimetrio prisms. Is a strong 
base. 

Salts.— B'HCl.-B'jHjPtCl..— B'HNO, : la- 
minae, S. 6*7 at 12 5°.— B'2H2S04 : si. sol. cold 
water.— B'H3 CjP 4 ^aq. 

Acetyl derivative OjHfCl.NHAo. [173®], 
Thick needles (from dilute HOAo). 

• c-Di-chloro-aniline 08H,0J3(NH2) [1:2:8]. 

Mol. w. 162. [24®]. (252°). From nitro-ben’zene 
by chlorination, in presence of SbCl, and reduc- 
tion (Beilstein a. Kurbatoff, A. 196, 214; B* 11, 
1860). Needles (from ligroin). 

Acetyl derivative 0,HgCl3(NHAc). [157°]. 
c-Di-chloro-aniline <5,H,Cl2(NH3) [3:1:2]. 
[39°]. From di - chloio • nitro - benzefirf [71°] 
(B. a. K.). Needles, v. sol. ligroin. 

Acetyl derivative C„H,CL(NHAo). [175°]. 
s-Di-chlorotaniline ^C^HjCUNHJ [1:3:5], 
[50-6°]. (260° i. V.). )From s-di-ohlcuro-nitro- 
benzene (Witt, B. 8, 145; B. a. K. ; Langer, A. 
216, 120). 

Acetyl derivative C^HsCyNHAo). [187°]. 
Di-chloro-aniline CbH3Cl2(NH3) [1:4:2]. [^0®]. 
(251°). From di-Chloro-nitro-benzene [66®] 
(Jungfleisch, A. Ch. [4] 15, 252 ; B. a. K.). (251°). 
Formed also by chlorinating m-ohloro-aniline 
and by heating nitro-benzene with fuming HOI 
at 245° p3aumhauer, A. Suppl. 7, 209). CrO, 
gi^es di-cbloro-quinone. 

Acetyl d^ivaftucOrtHgC^NHAo). [132®], 

Di-chloro-an^iine C4H,Cl2(NH2) [1:3:4]. [68®]. 
(245®). From Aoet&nilide (1 mol.) and chlorine 
(2 mols.). Obtained also by chlorinating 0- orp- 
ohloro-amline (Griess, A. 181, 2(8; Beilstein. 
A. 182, 96; Witt. B. 7, 1602).— B'HCL— 
B',H,PtCl,. . ,, ® I 

Acetyl aerivative C»H,Cl,(NHAo). [148®] 

Di-chloro-anilittc C,H,Cl3(NHa) [1:2:4] 
[71*6®]. (272®)^ From di-chloro-x^tro-benzene 
[43^], or by ohloein(iting m • chloro - aniline 
(B. a. K). Long needles ; strol^ base. 

Acetyl derivative €,H,OUNHAe). 
[120*6®]. 

c-Tri-ohloro-anilia« 0,H,G1|£NH|) ri:3:8:4]. 
Mol.w.l96-A [67-6®]. (292® r?.). 
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♦ 

♦ Formation,—!. From its acetyl derivative. 
3. By reducing 0«Ha(Nt)jj)Cl, [1:2:3:4]. 

Acetyl derivative C,H,(NHAo)Cl,. [122°]. 
Wbeaohldl'ine is passed into a solution of acetyl 
m-ohToft)-anilinesin strong (90 p.c.) acetic acid, 
Ivft acetyl-trichloro-anilines are formed ; one of 
these, C^H,^Cl,(N^o) [1:2:4:6] [ft5°] iS hardly 
Goluble in dilute (50 p.ol) aceti(^ adid, the other 
ri;3:3:4] is soluble (Bciletein a. Eurbatoff, A. 
192, 234). 

Tri-cbloi^-anilins [1:3:6:6J. 

[77‘f ]. (262° i. V.). From aniline, p-ohloro- 
aniline, or (1, % 4)-di-chloro>aniline in glacial 
aoctio acidpby chlorine (Hofmann, A. 53, 85; 
Boilstein a. Kurbatoff, B. 11, 1862; Danger, 
A. 216, 11^. Also fjpm aniline and SOA 
(Wenghoffer, J.pr. [2] 16, 449). Long needles 
(from ligroin). 

Acetyl derivative C„HA(Nnj). [2048j. 
Tri-chloro-aniline C^jCla(NHJ [1:2:4:6]. 
1(96°]. From C„H,(NOjClj [68°] (Lesimple, 
A. 137, 125; Beilstein a. Kurbatoff, A. 192, 
231). ObtaineJ also by chlorinating (2, 6, !)• 
or (3, 4, l)-di-chloro-aniline, or wt-cliloro-aniline. 
Neeles (from ligroin). 

Acetyl derivative CJIjCyNHAc). 
[185°]. 

i - Tetra - chloro - aniline CrtHCl^(NH 2 ) 
[1:2:3:5:6J. [88°]. Formed by chlorinating m- 
chloro-auiline (B. a. K.). Gives, by eliminating 
NIIj, tetra-chloro-benzene [51°J. 

Acetyl der^oStive C«HCh(NHAc) [174°]. 
s - Tetra • chloro - aniline C,HCh(NHj) 
[1;2:4:6:0]. [90^]. Prepared by reducing 5-ts4ra« 
cliloro-nitro-benzene (Lesimple, Z. 1868, 227). 

c*Tetra^5bloro-anilino CeHCl,(NHJ. [118°]. 
From c-tetra-chloro-nitro-benzene (Beilstein a. 
Kurbatoff, B. 11, 1802). 

Acetyl derivative [164°] (Tust,B.21,1633). 
Penta- chloro -aniline C.CljNH, [232°]. 
FronffS-di-chloro-anilifle by chlorinating it in 
ethereal soluti^ (La^er, A. 216, 120). Ob- 
taiaed also by rediming penta • chloro • nitro - 
benzene (JungOcisen). Lon^ ^ite needles 
(from alcffhol). V. soL alcohol anoether, m. sol. 
benzoline. I3y further chlorination in acetic 
acid solution it gives penta • chloro • phenyl 
hypochlorite C„CljOCi. 

• OHLORO-ARISIC-ACID v. Methyl derivative 
of Chloro-oxy-bknzoio idb. 

GHLOBO-ANISIBINE v. Methyl ether of 
Culoro-amido-phknol. 


CHLOBO-ANTHRACENK C„H,C1. [103°] 

Obtained by fusing anthracene dich*loride (Per 
kin, C. N. 84, 146). Golden-yellow needles, vftol 
ether, alcohol, and^ benzene. T^ihepivio aoic 
compound forms’scarlet ne^es. 

Di.j4).cyoro.anthraae%e 

[209°]. Poimod*by the action of^mols. of] 
chlorine upon anthracene-(^)-carboxylio acid oi 
upon (A. l)-«hlAo#nthraoene-(A 2).carboxyli< 
acid (Behla, B. 20,704), PrepareaDy chlorinating 
anthracene (Laurent, A. 34, 294 ; Perkin, G. J 
24, 14; &iBbe a. Lieberraalin, A. 160, 187; 
ouppl. 7,284). Long yell%w nee^ea ; v. sol. ben 
zeno, el. sol. afoohol and ether. Not affected bj 
bojlmgKOH.^ive8 anthiicfuinoneon oxidation 


Bl*ehloro«iiithraciM C«01^, 


<I> 


>0A 


[265°]. From totra-ohloro-anthraquinone by 
heating with zinc-dust and aqueous ammonia 
(Kircher, A. 238, 347; B. 17, 1169). Slender 
needled. On oxidation it gives di-chloro-anthra* 
quinono. 

Tri-chloro-anthracene C^HjCl,. [163°]. From 
di-oliloro-anthracene diohloride and alcoholic 
KOH (Skhwarzer, B. 10, 378; c/. 0. a. L.).JLong 
goldem needles (from alcohol). The alcJfmolic 
solution shows blue fluorescence. ^ 




Tetra-chloro-anthracene C, 


[149°]. From tetra-cjjlorq-benzoyf-benzoio acid 
(1 pt.), red phosphorus (j^.pt.), and fuming HI 
(44 pts.) at 215° (Kircher, A. 238, 346). Slender 
needles, sol. benzene and chloroform. CrO, gives 
the correspondiijg tetra-chloro-anthraquinone. 

Tetra-chloro-anthracene C, 4 H,Cl 4 . [152 ']. 
Prepared by the action of boiling alcoholic KOH 
on the di-4|^rp-anthracene tetrachloride [206°] 
objpined fr^nitroso-anthrone and PCI, (Lieber- 
mann a. Lindermann, B. 13, 1689). Yellow 
needles, sol. hot acetic acid, si. solfalcohol. On 
oxidation with j^rO, it gives crystalline dichlor- 
anthraquinone. 

Tetra-chloro-anthracene C„H 4 Cl 4 . [164°] 
(H.) ; [220°] (G. a. L.). Formed by the action 
of alcoholic KOH upon pure di-ohloro-anthra- 
cene tetra-chloride [lB7°j (Hammerschlag, R 19, 
1108 ; Grtebe a. Liebermann, A. Suppl. 7, 2831. 
Golden yellow needles. 81. sol, nearly all sol- 
vents. By CrOj, and acetic acid it is oxidised to 
di-chloro-anthraquinone [206°]. 

Hexa-chloro-anthraoene C^H^Cl,. [320°-330°]. 
Yelftw needles. Prepared by the action of SbCl, 
on di-chloro-anthracene dichloride. Oxidation 
with K^Cr^O, and H 2 S 04 gives tetra-ohloro-an* 
thraquinone (Bolas, C, N, 28, 167 ; Diehl, B. IL 
176). 

Hepta-chloro-anthracene C^HjCl,. [above 
860°]. Prepared by the prolonged action of 
SbCl, on di-chloro-anthracene-diohloride at 260°. 
Sublimes in yellow needles (Diehl, B, 11, 176). 

Octo-chloro-Anthraoene C, 4 HA> [above 
850°]. Feathery crystals. Prepared kj the pro- 
longed action of SbCl, at 280° on the lower chlo- 
rinated anthracenes (Hjehl, B. 11, 177). Ruofl 
(B. 9, 1488) could only obtain heza-ohloro-benx- 
cne. • • 

DI-CHLORO'AKTHBACENE TEIBA-BBO. 


MIDE C„H,Cl^r 4 . [166°] (S.); [178°] (Hammer- 
schlag, B. 19, 1106). Obtained by exposing di- 
chloro-anthracene [209°] to bromine-vapour for 
a considerable time (0. a.L. ; Sohwarzer, B. 10, 
376). Setiny needles (froni benzene); si. sol. 
alcohol and ether ; v. sol. wnzene and CHCl,. 
At 18Q,°-190° it is converted into di-chloro-brorao- 
anthracene [168°]. Boiling alcoholic KOH gives 
.di-ohloro-di-bromo-anthfticene. 

I {A. l)-0HL0B0-ANTHBAGENE-(i. 2).GABB. 
OXYLIcj, ACID C„H,0,C1 U 

heating anthracene with surbonyl chloride under 
' pressure dt 240°-250°; or by passing chlorine 
(1 mol.) into a solution of anthracene-fA)-oarb- 
ozylio acid in CHOI,. Long yellow glistening 
ne^es. Sublimes. BoL alcohol, ether, and 
acetic acid; il. stl. benzene, oblorofoim, and 
xylene; v. si sol water and ligroin. Its solo* 
02 
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tions have a blae fluoresoenoe. At Us melting- 
point it evolves GO,, leaving (A)-ohloro-anthra- 
cene. By OrO„ EMn04, ^ute HNO, it is 
oxidised to anthraquinone. Alcoholic KOH at 
160®--170® reduces it to anthraceno-(A)-carboxy- 
lio acid. Chlorine converts it into di-(A)-chloro- 
anthraoene. Salt s.— K A' : very slender yellow 
neac^les.— AgA' : minute yellow prisms?— BaA, ; 
thick yeUowish glistening prisms (from ^ater) or 
needles (from alcohol). 

, Methyl ether MeA' : [123°] ; yellow needles 
or large six-sided tables ; sol. alcohol, ether, 
with a blue fluorescence; insol. water (Bchla, 
B, 20, 701). c « 

l)I-GHL01t0-ANa:HIlACEN£ BI-CHLOEIDE 

[160°]. Formed by passing 

chlorine into anthracene dissolved in chloroform 
Schwarzer, B. 10, 877). Prisms (from chloro- 
brm) ; si. sol. alcohol and ether, v. sol. benzene. 
At 170° it ^elds tri-chloro-antli?Coene [163°]. 
Boiling alcoholic KOH convert^ it into an*hra- 
quinone. 

Di-chloftf-anthracene-tetra-chloride C,4H,C1,. 
[187°] (H.l ; [146°] (D.). Th^n white needles. 
Prepared by passing chlorine for a long time 
through a benzene solution of anthracene or di- 
chloranthracone [209°]. By treatment with 
alcoholic KOH it yields tetra-chloro-anthraccno 
[164°] (Hammerschlag, B. 19, 1107 ; c/. Diehl, 

B. 11, 174). 

Di-ohloro-anthracene-tetrachloride 

C, 4H,Cl,.Cl4. [206°-207°]. White needles. Docs 
not fluoresce. Prepared by heating nitroso- 
anthrone with PCI, to 180°. By boiling with 
alcoholic KOH it gives tetra-chloro-anthWcne 
[162°]. (Liebermann a. Lindermann, D. 13, 
1588). 

DI-CHLOEO-ANTHEACENE DISULPHONIC 
AOU) C,4HaCl,(SOaH),, From (1 pt.) di-chloro- 
aothracene [209°] and (5 pts.) fuming HjSO, at 
l00° (Perkin, (7. J. 24, 15). Orange needles ; 
V. sol. water but ppd. by HCl or H.^y04. Dilute 
solutions of the acid and its salts fluoresce blue. 
Onoxi^tion it gives anthraquinone disulphonic 
acid.— Na,A"® aq.— BaA".— SrA". 

CHLOBO-ANXHKANniC ACID v. Chlobo- 
AMIDO-BBMZOIC acid, c 

^m-OHLORO-^NTHRAQUINONB 0,4H,C10, 
U.C.H,Cl<p^C.H,. [204°]. Formed by heat- 

ing m-chloro'benzoyl-benzoic acid with sul- 
phuric acid at 160°-176°. Yellowish-gfty 
needles; v. sol. hot 0°H„, si. sol. acetic acid 
CS„ and hot alcohol. Sublimes without decom- 
position (GraEsbCip. B4e, G. J. 49, 53t). 

Di-ohloro-anthraquinone C.H4(C,02)C,HjCl,. 
[205°]. Formed by oxidation of tctra-chroro- 
antbracene [164°] ^^^h CrO, and acetic acid 
(Hammerschlag, B. 19, 1109; c/. Graebe|i. 
Liebermann, A, Suppl. 7, 290). Formed also oy 
heating anthracene with SbGl, at 100’ (Diehl, 
B. 11, 179). Glistening golden needles (from 
acetic acid). By KaOH fusionlt gives alizarin. 

Dl-chloro-anthif^uinone G«G1A(C30JC*(% 
[261^. Formed bv oxidising di-dbloro-anthra- 
oene [266°]. Needles (from chloroform-alcohol). 
Gives alizarm when fused with potash (Kirchor, 
B. 17, 1169). 

Trl>ehloro^aBt]iraquiiumt [284°- 

890^. Got by heating anthraqomone wiu BbCl, 


at 180° (Diehl, B. 11, 180). Yellow needlaa. 

Tetra-ehloroHUithra4ninone OfClJOjOjCJS. 
[191°]. Fromtetra-chloro-o-benzoyl-benzo(o acic 
and H,S04 at 100° (Kiroher, A. 288, *344 17c 

1167). Golden needles (fronaPbenzene%Tcohol)c 
Oxidised by ^ming HNO, at 140° giving tfllra= 
ohloro^hthalic acid. Boduqed by distillation 
with zinc-CusS to anflbraoene. Yielda«phthali(^ 
acid onAusion with NaOH. 

Di-sttIpAontc acid *C,4H,Ol40,(SO,S), 
Salts.-BaV'.-GaA" • ^ 

Tetra-ohloro-anthraquinone 0, 4H4GI4O, 
[320°-380'']. Prepared by long heating of di= 
chloro-anthraquinone with 6 pts. of ShGl} at 200^ 
(Dinhl, B. 11, 180). Yellow needles 

Penta- chloro-anthraquinone ^ G,4HjGIjO, 
Prepared by heating di-chloro-anthraquinoni 
with 8 pts. SbClj at 250° (D.). Sublimes with° 
out melting. Insoluble in the ordinary solvents 
CHL0R0-ATE0P;c ACID G,H.C10,. [86°] 
From tropic acid and POI4. Needles (LadeU° 
burg, B. 12 , 948). _ 

CHLORO-AZO-BENZENE v. Bbnzenb-azo° 
cnr.ono-nENZENB, vol. i. p. 374. 

Di-chloro-azo-benzene v. Ghlobo-benzene 

AZO-CHLORO- BENZENE, VOl. i. p. 381. 

CHLORO-AZOPHENINE Gj^jsClN,. [230°]c 
I Forinod by heating p-chloro-jp-nitroso-di-phenyl- 
anune with aniline and aniline hydrochloride a^ 
100°. Very similar to azophenine, but more 
sol. benzene (G. Fischer a^Hepp, H. 20, 2481). 

Tri - chloro -azopherAne GjoHjiGljN, 
[24f)°1 (Fischer a. Hepp, B. 21, 676). 

TRI-CHLORO-AZO-PHENOt r. Oxy-bbnzene- 
AZO-PHENOL, vol. i. p. 388. 

DI-CHLORO-BARBITURIC ACID G4H,G1,N,0, 

ic. CCl2<[^QQ’^g^GO. Formed by oxidising 

di-chloro-oxy-methyl-uracil with fuming HNO, 
(Behrend, A. 236, ^). Trimetrio crystals, 
a:b:c = '777:1: *893. Y. e. sol. alcohol an& ether ; 
sol. water. , • 

CHLORO - BENZALQiEHYDE v. Ghbobo • 

BENZOIC ALHBHYDE. ■ 

CHLORO-ISOBENZA^FHTHAIIUIDINE v. 
Chlobo-oxt-phzntl-iboquinoline. 

CHLORO-BENZAMIDE v. Amide of Chloro- 

BXNZOIO ACID. 

CHLORO-BENZ^E G.H^Cl. Mol. w. 8121. 
[-40°]. (132°). S.G:V1'1066. M/j 1'5369. Bqo 
60'67 (Briihl). HJP.p.-l 1,220. HJP.v.— 12,380 
(Th.). 8.H. (7°-64°) -326 (Sohiff, 0. 17, 486). 
Vapour-masuret Ramsay a. Young (0. J, 47, 
664). 114'3 (Sohiff, A. 220, 98) ; 114-6 

(ftamsay). 

Fownation,— !, From, phenol and . PGl, 
(Laurent a. Gejiriltardt, A. 75, 79 ; Williamson a. 
Serngham, C. J. 7, •238; Riche, A, 121, 867).- 
2. By tlig^aoti#n of chlorine on benzene in pre- 
sence ofiodine or other oaifiersffHugo Muller, 
C. /. 16, 41 ; Fittig, A. 133, 49)4-8. From benz- 
ene and SOIGl, at 160° (Dumafi, Z. 1866, 706). 
4. From SyCl,' and benzene at 250° (Schmidt, 
B, 11, 1178).— 6. By heating benzene sulpho- 
ohloride with JAfl, at 210° (Barba||ia a. Kekuld, 
B. 6, 876).— 6. A sdntion of di^benzene chlo- 
ride, prepared from 80 mns. n aniline, and a 
large exoeis of HOI is slowly ran into a peariy 
boiling solution of Oa,CL in HCl (150 grms. of a 
10 p o. solution of OoyOl^. TM bromo-bonsrat 
is distilled off with steam (Sandmeyer, B* i7« 
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7 . BjhMting diazobanzen^Iih a large 
^esf ot strong HCl; tjie yield is 40 p.c. of the 
tbeorotioa! (Gasiorowski a. Waj^s, B. 18. 1986). 

J^c^/iM.—ColonrlesB liquid. When lea 
thronf^ red-hot tube it forms diphenyl, ohloro- 
4 i{^en;n. di - ohldro • diphenyl, and di • phenyl - 
be^ene (Kramers, i. 189, 185). l^t affected by 
boiling with AlaOl^. (Mverted by^odibm into 
diphen]^. MnO, and H^SOf g^e formic and 
p-chloro-benzoic acid (Catius, Z. [2] 4# 605; 0. 
MffUer, ir. [2^5, 137). Chloro-benzene passes out 
of the system as ohlofo-phenyl-mtrcapturio acid 
0„H,,01NSO,. , 

o-jDi'Ohlqro-benzene GaH^Cl, [1:2]. Mol. w. 
147.*(179» r. V.). S.O. S 1-328 (B. a. K.); 1*326 
(P. a. 0.). 

Formati(m>--^» In small quantity, by chlori- 
nating benzene (Beilstein a. Kurbatoff, A. 176. 
42 ; 182, 94 ; B. 7, 1398, 1759). Separated from 
the greater part of the lolid j)-di-oUoro-benzenl 
^ pressure ; it is then •heated with fuming 
H 2 SO 4 at 210 ° for 2 days ; this sulphonates only 
o-di-chloro-benzane. The resulting sulphonic 
acid is purified by crystallisation, and recon- 
verted into di-chloro-benzene by hydrolysis (i'rie- 
del a. Crafts, A. Ch. [ 6 ] 10, 411).— 2. Prom 0 - 
chloro-phenol and PCI, (B. a. K.). 

Properties,— Liquid. Gives a nitro- deriva- 
tive [43°]. MeCl and AljCl, at 100° give chiefly 
hexa-methyl-benzene and tri-chloro-mositylene 
(P. a. 0.). 

wt-Dl-chloro-henfene 0,H,<31, [1:8]. (168° 
uncorr.) (S.) ; (172°) (K.). 8 .G « 1-807. 

Formation.—l. By running an aqueous solu- 
tion of NaKOJnto a hot solution of rn-phenyllhe- 
diamine and CU. 4 CI 2 in dilute HCl (Sandmeyer. 
B. 17, 2662).— 2. From di-chloro-aniline by re- 
moving NHj by the diazo- reaction (Kdrner, G. 
4, 341 ; B. a. K.).— 3. From w-di-nitro-benzene 
via m-nitro-aniline, m-chloro-nitro-benzene, and 
m-chloro-anilino (Orie^, P. T. 1804 [3] 706). 

Properties.— Liquid. HNO, (S.G. 1-4) gives a 
nitro-compound»[82°J. • 

p-Di-chlorp-bonzete C,H,Q, [1:4], [65°J. 
(173°). ^0.!“U-458-, s» 1*241 •(Jungfleisch, 
A,Ch. [4] 14, 186). aV.S. 117-4 (Schiff). 

Fonnation.~l. By running a solution of 
NaNO, into a hot solution of p-phonylene- 
diamine and CUjClj in dilute HCl (Sandmeyer, B, 
17, 2662),— 2. The chief g^oduct of the action of 
chlorine (3mols.) on benzene (1 mol.) in presence 
of iodine (Hugo Muller, C. J. 16, 41 ; Z. 1864, 
401 ; K 6 rner, 0. 4, 324) or in presence of Mod, 
(Aronheim, P. 8 , 1400).— 8. By th^ action of 
PCI, on phenol p-sulphonio acid (Kekal 6 , H. 6 , 
944) or on jp-chloro-phenol (Beilstein a. Kwba- 
toff, i. 17^ 82 ; 3, 7, 1396,^769). • 

Properties.— Monodinio laminffi (from alco- 
hol). Subliiges at ordinarj temperatures. Fum- 
ing HnO, gives u nitro- derivalivo Jjl*?]. 

«-Trl <eSroro-benzena 0,H,01, [1:3:4]. Mol. 
1*465^^’ <213° i. V.). S.G. (of liquid) « 

Porwatton,— 1 ,. By chlorination of benzene 
>n presence of iodine (Jungfleisch,' A. Oh. [4] 16, 
264).-2. P^ora di-ohlorb-anffine, C,H,(NHj)OU 
[1:3:4] or [l:2|t] displaciift; by 01 by means 
4iazo- Jisaction.-'S. From di-ohloro-phenol 

^ POl, ffieitstaia a. Kurbatoff, A, 192, 
(^) -benzene heza- 

chloride audlieoholio KOH. 


Prqpertww.— Gives on nitration s nitro- de* 
rivative [58°]. 

c-Tri-chloro-beazeno dH,Cl, [1:2:3]. [54°]. 
(219°). By eliminating NHj from OgHj(NH,)Cl, 
[1:2:3:4] by diazo- reaction (Beilstein a. Eurba- 
toff, A. 192, 235). Also from (l,2,3)-di-chloro- 
aniline by displacing NHj by Cl. "V. sol. CS, 
and benzene, si. sol. dcohol. Gives a nitro- deri- 
vative [® 6 °]. 

s-Trii-chloro-benzene CbH,C1, [1:3:61. [0^6°]. 
(208 6 ° i. V.). From ordinary tri-ohlorb-aniline, 
by eliminating KH, by diazo- reaction (Edmer). 
Also from chloro-benzonetetra-chloride, and alocs- 
holic ZOH (Jungfleisch). V. sol. ether, benzene, 
CS 3 and light petrolcupi. JSol. ool(f alcohol and 
dilute (50 p.c.) acetic acid. iGives on nitration a 
nitio- derivative [ 68 ° ] (B. a. K.), or, when fuming 
HNO, is used, a di-nitro- derivative [180°] (Jack- 
son a. Wing, Am^ 9, 848). 

c-Totra-chloro-benzone C,H 201 ,[ 1 : 2 : 3 : 4 ]. Mol. 
w. 216. [46°]. (254° i. V.). From tri-chloro- 
aniline C,lH|d,iNH,) [1:2:3:4] or [1:3:6:2] by the 
dia^O' reactioh (Beilstein a. Kurbatoff, A. 192, 
233). Long needles (from alcohol). 81. sol. 
alcohol, v. sol. ether, light petroleum, CS,, and 
strong (90 per cqpt.) acetic acid. Gives a nitro- 
derivative [ 66 °], 

i-Tetra-chloro-benzene CgHjCl, [1:3:4:6] [61°] 
(B. a. K.) ; [35°] (I.l. (246° i.V.). From ordinary 
tri-chloro-anilino aisplacing NH, by Cl by the 
diazo- reaction (Beilstein a. Kurbatoff, A. 192, 
238). Obtained also by chlorinating benzene in 
sunlight (Istrati, A. Ch. [ 6 ] 6 , 883). Colourless 
needles (from alcohol). SI. sol. cold alcohol, sol. 
benzene, v. sol. CS, or light petroleum. HNO, 
(S.G. 1-64) gives a nitro- derivative [3Q°] (Jung- 
fleis^h, A. Ch. [4] 16, 204), or [22°] (B. a. K.). 

s-Tetra- chloro-benzene OaHXli [1:2:4:6]. 
[138°] (215° i. V.) (B.). S.G. 1^ 1-734 ; li 2 1*399. 

Formation.— 1, By chlorination of benzene 
(Jungfleisch).— 2. From OjH,Cl,(NOjj) [1:2:3:4] 
by reduction followed by the diazo- reaction 
(Beilstein a. Kurbatoff, A. 192, 230).— 3. In shkall 
quantity by the action of chlorine on boiling 
tri-chloro-toluene (Beilstein a. Kuhlberg, A. 162, 
247).— 4. By the action of FeXl* upon ( 2 , 4, 6 , 1)- 
tri-chloro-phenol (Daccomo, B. 18, 11#3). 

Prqperiws.—Crystallises best from benzene. 
SI. sol. alcohol or lig^it petroleum. Fuming 
HNO, forms, besides the nitro- compound [98°J, 
tetra-chloro-quinone. This fb the only Ibtra- 
chloro-benzene which gives chloranil under these 
oiroumstanoes. 

• Penta-chloro-benzene CaHCl,. [ 86 °]. (276°) 
(Ladenburg, A. 172, 344). S.G. ^1*842. Formed 
by chlorinating benzene (J.), di-phenyl sulphone 
(Otto a. Clstrop, A. 141, 93;a64, 182) or tetra- 
chloro-benzyl chloride (Beilstein a. Kuhlberg, A. 
162, 247). Slender needles (from alcohol) ; v. si. 
sol. cold alcohol, v. soL ether and OS^ After 
kl^ating for a long time with cone, or faming 
on pouring the liquid into water a ohest- 
nut-brofm pp. containing no sulphur and 36-8 
p.c. chlorine is formed ; it is called * fraho^e * 
by Istrati (£1P[2] 48, 35) ; it is a red dye, and 
forms a red solution in aAohol. 

Heza-e^loro-beusene 0,C1,. MoL w. 285. 
[226°]. (826°). .S.G.fi9fi 1-669. 

FomaHotk^h From methylene chloride and 
lOlor 101, (Hdland, A. 240, 234).-2. Bypassing 
chloroform, OCliitor CiOl, through a red hot 
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tube (Juliu ; Begnaolt, A. 30, 350 ; Basset, C. J, 
20, 448 ; Berthelot a. Jungfleisoh, [2] 4, 565).— 
8 . By ohlorinating benzene in presence of SbClg 
(Hngo MfUler, Z, 1664, 40).— 4. From tetra* 
ehloro>quinone (ohloranil) and PCl^ (Grtebe, A, 
146, 1).— 6. Is the ultimate product of the action 
of Sbdg with chlorine on all ohloro-toluenes 
and chloro-xylenes (Beilstein a. Kuhiberc, Z. [2] 
5, ISSij. il. 150, 809).— 6. By the action of onlorine 
in presence of ICl upon all aromatic hydrocar- 
bons, as well as upon aniline, phenol, thymol, 
cfpnphor (BuolT, B. 9, 1483; 10, 1234); sec- 
hexyl iodide (Kraft, B. 9, 1085); and hexa- 
ohloro-aoetonc (Cloez, A. Oh, [6] 9, 145). 

Properties. — Thin prisms (from alcohol- 
benzene), V. si. sol. bdiling alcohol, si. sol. ether, 
m. sol. benzene. When heated with glycefin 
and NaOH it gives penta-chloro-phenol. 

CHLORO-BEUZE N E-AZO- v.*Azo- compounds. 

OHLOBO-BENZENE HEXA-CHLORIDE 
C,,H(G1^ [267®J. From di-phenyl si^hone and- 
chlorine in sunlight (Otto, A. 14)^J#i). Small 
dimetric prisms (from alcohol) ; v]^l. sol. etlier, 
si. sol. hot alcohol. 

2)i-chloro-Soenzene hexa-chlcride C^iH^Cl,. 
[above 250°]. From chloro-benzene and chlorine 
in sunlight (Jungfleisch, Z. [2] 4, 480). Prisms 
(from chloroform) ; converted intopenta-chloro- 
benzene by boiling alcoholic KOH. 

Tri-chloro-benzene hexa>chloride ClaC<.HyCl, 
[1:2;4]. [96®]. Formed by chlorination of benz- 
ene (Willgerodt, J. pr. [2] 35, 415). Smells of 
rotten straw. Y. e. sol. ether, v. sol. alcohol. 
Alcoholic KOH converts it into C«C1„ [22G°1. 

CELOBO-BENZEKE SULPHINIC ACIB' 
CyH^CLSilH. [90®]. From chloro-beiwene 
(p?)-sulpho-chloride and sodium-amalgam (Otto 
a.Brummer, A. 143, 113; 145,323; 146,243). 
Small needles or long thin columns ; si. sol. cold 
water. Eeduced by Zn and H,S04 ^ cMoro- 
phenyl mercaptan, and by sodium-amalgam to 
benzene snlphinic acid. Oxidation gives chloro- 
benzene sulphonic acid. 

S a 1 1 8 .— NaA'a 2aq.-Ca A V-Ba AV~PbAV 

Ethyl ether EtA'. [12.3®], Needles.* 

OHIOBO-BEKZENE o-SULPHONIC ACID 
0,HsClSO;t.«. O^H^C^SO^H) [1;^]. Fromamido- 
benzene o-sulphonic acid by displacement of 
NH, by Cl by means of tlie diazo- reaction (Bahl- 
roann, A, 180; 8251 

Chlhride CAC1.S0,C1 [29=]. 

Amide C^^Cl-SO^H, [188®]. 

Chloro-benzene m-snlphonio acid 
G,H.ClfSO,H) [1;8]. Prepared similarly fronf 
amido-benzene m-snlpholhic acid (Kieselinsky, 
A. 180, 108). Deliquescent plates.— AgA'.— 
KA'.-CaA'^Bam 2aq.~CuA', 6aq. 

Chloride C,hJc1(SO,C1). OU. 

AwWe 0,H4C1(S0^H,): [148®]; plates. 

Chloro-benzenejp-sutohonie acidC^H^CLSOiH 
[1:4]. Formed by sulpnonating chIoro-benzene|| 
(Otto a. Brummer, A, 148, 102 ; Lindow a. Otto, 
Z. [2] 4,89 ; Gluts, A. 148, 184). Al# by the 
same method as the two preceding acids (Goslich, 
A. 180, 106). Dehqu^ent needles or prisms. 
Potash-fusion given rerorcin (Oppenh^ a. Vogt, 
A. Suppl. 6, 876). The Na salt fused witn KCN 
gives terephthalonitrile 04H4(0^)y 

Salt8%NaA'aq.-KA'.-AgA'.-CaAyiaq. 
-BaA', 2aq.-PbA', 2aq.-CaA' 5aq. 

Chloride CjHiCl.SO^. [bS®]. 


Bromid^ C^H^Cl-SOaBr. [63®]. 

Amide O.H 4 Cl.SO,NH,. [144®]. 

Anilide O^H^CLSO-NPliH. [104®]. Needles 
(Wallach a. Iluth, B. 9, 426). 

Bi-ohloro-beusene snlpbonio aoid . * 
CjH,Clj,{SO,n) [l:2:a;]. From o-m-cbloro-benzme 
and fummg H^SO, at 210® (Beilstein a. Kurbatcra, 
A. 176, h; J8^94).-CaA',2aq.— BaA',2aq.— 

A ^ Oo/i 


PbA'^ 2aq. 

Bi-chloro-benzene dhlphonie acid 
C,H,Cl,(SOjH) [l:3:a;]. Fromm-di-oh)pro-benzcne 
and fuming H,S04at236® (B. a. K.).— CaA'a2aq. 
— BaA'j aq. — PbA'j 8aq. c 

Bi-chloro-benzene sulphonic aoid 
CaHsCl2(SO,H) [l:4:a;]. From p-di-chl^ro-ben zone 
and vapours of SO, (Lesimple, Z. [2] 4, 226). 
Cone. H2SO4 has no action even at 210® (B. a. K.). 
Trimetrio prisms (from water).— NH^A' aq ; 
needles^ m. sol. water. — KA'aq. — AgA'.— NaA'aq : 
six-sided tablets.— MgAjOaq.—BaA', ; lamime. 
— PbA'2 3aq. ♦ 

Tri-chloro-benzene sulphonic acid 
C,HjCl,(SO,H) [1:8:4:0?]. Prom «-tri-ohloro- 
benzene and fuming EL^SO^ (Beilstein a. Kurba- 
toff, A. 192, 231). — CaA'j 2aq.— BaA'jj 2aq. — 
PbA'j 2aq. 

CHLORO-BENZENE THIO-BITLPHONIC 
ACIB. Chloro-phenyl ether C,j^,C4S 0,, 

1. fi. C„H,CLS05.S.C,H,C1. [138®]. From chloro- 
benzene aulphinic acid and water at 130® (Otto, 

A. 145, 823). Small, four-sided, trimetric 
columns (from aTcohol). Ii<nli9ed by zinc and 
HsSO, to chloro-phenyl mercaptan. 

{H-CHLORO-BENZIBINE v.* Di-ohloro-di- 

AMIDO-DirHKNYL. 

CHLORO-BENZIL or Benzil chloride v. Brn- 
ziLic ACID, Reaction 6. 

CHLOEO-BENZO-TRICHLORIBE v. Tetra- 

CHLORO-TOLURNB. 

o-CHLORO-BENZOIC* ACIB C,H,C10 b i.e, 
C,H,Cl(CO,H) [1:2]. Mol. w. 156^. [137®]. S.-114 
at 0®. Electrical tondrtcUvity f Ostwald {J.jpr, 
[2] 82, 349). , , * 

Formation — 1. From salicylic acj4 (1 mol.) 
and PCI. (2 mols.) ; the mixture is distilled and 
the portion (above 258®) containing CflH4CI.COCI 
is decomposed by water (Chiozza, A. Ch. [3] 36, 
102 ; Kolbea-Lautemann, A. 115, 184; Beilstein 
a. Reichenbach, A. 13^, 311; Hilbner, Z. 18^0, 
293 ; A. 147, 266 ; Wilkins a. Rack, A. 222, 192). 

2. By boiling o-chloro-toluene with dilute 
KMn04 (Emmorling, B. 8, 880).— 3. Ey heating 
m-ohloro-nitro-benzene with alcoholic KCy at 
26(^(lliohter, B. 4, 463). 

Yri^erties.— Large needles. Melts under 
water. Y. sol.'hqt water, alcohol, and ether. 
Gives a yellow pp. in neutral solutions with 

Fe A- 

Reactimss.—le, Soda-/ttsw>n gives aboift equal 
quantities of o- and m-oxy-benzoi* acids (Ost, 
J.pr. [2] 11, 385).— 2. In hot#q»eous solution 
it is reduced tc^benzoio acid sodtkm-amalgain. 
Benzoic acid so prepared was called * salylic * 
.. I acid until Beilstgin a. Schlun (A. 183, 239) 
;, b showed it to be ordinary benzoic oontami- 
' nated with a non-volatile substangeVbioh inter- 
fered with its crystallisation.—^ Fusion with 
sodium formate gives benzoic aoid (V. Meyer, 

B. 8, 868; 4,269). 

Salti.-BaA'a Saq.-BiAV S.T1 9 ^ 18-6®^ 





C»A',3aqr t. iol. water; ▼. si. sA alcohol.— 
jjjrA'; scales (from boilmg water). 

Ethyl 6 ther EtA% (o. 240®) (KekuW, Rip, 
chim. pure. 1861, 808). 

Chlprtde C,gACOCl. (o. 237®). 

^mxde CgH^UCONH^: [139®]; needles; 
v.'S. sol. cold water ; v. sol. alcohol and other. 
Anilide C,H,Cl.CONPhH : [114°] ; fteedles. 
p-Ni tro -anilide CJH,Cl.Cd.]S*fl.C.H,NOa : 
[180°] ; from the anilide find HNO, (l^ilkins a. 
Rack, A. 222.192). 

p.Toluih CA«l-CO.NHC,H,(CH,J: [131®]; 
colourless oryst^s; sol. alcohol, noarly insol. 
water (Schreib, B. 13, 466). 
vi-Nit^o-p-toluide 

0 ,H,C 1 .CO.NHO,H 3 (OH 3 )(NOJ : [139®] ; yellowish 
crystals ; sok aqptic acid, si. sol. alcohol, insol. 
water. Prepared by nitration of thep-toluide. 
Di-nitro-p’toluide 

C 3 H,Cl.C 0 .NHC 3 H 3 (CIf 3 )(N 03 )„(?): [228®]; col- 
ourless crystals. SI. sol., alcohol, v. sol. acetio 
acid and chloroform. Prepared by further ni- 
tration of the n^jjno-nitro- compound. 

Tri-nitro-p-toluide C, 4 HgN ACh [239®]; 
colourless crystals. Prepared by still further 
nitration of the above. 
m-Amido-p-ioluide 

C,H*C 1 .C 0 .NHC 3 H 3 ( 0 H,)(NH 3 ) : [163°]; colour- 
less crystals ; sol. alcohol. Prepared by reduc- 
tion of them-nitro-jp-toluide.— 13'HCl.— B'HNO,. 

BeneoylamidO‘p-toluide 
C 3 H,Cl.CO.NHq^iCH 3 ) (NHQb) : [178®] ; colour- 
less needles, si. sol. alcohol. 

Nitrile CuH 4 Cl.CN. o-Chloro-cyano-henz- 
ene. [43®]. (232°). From the amide and CCl, 
or P,.Sj. Also from the amido or nitrile of sali- 
cylic acid by the action of PCI, (Henry, if. 2, 
492). Long needles: si. sol. boiling water: m. 
sol. alcohol and ether. 

w-Chloro-bvizoio acid CUH 4 CI.CO 0 H [1:.3]. 
[153^. S. *035 at 0 ®._ Electrical conductivity : 
Ostwald, J. pr. [2] 32, 349. 

Formation.^ 1. By^hlorinating benzoic acid 
hf treatment with# chlorine, with HCl and 
KC10„ orwith a boiling solu^of of bleaching 
powder ^erzog, N^Br, Arch. 23, 15; Schar- 
ling, A. 41, 49; 42, 268; Stenhouse, A. 55, 1 ; 
Field, A. 65,56; Otto, A. 122,167; HUbner a. 
Weiss, B. 6 , 175), — 2. From w-amido-benzoio 
a^id by the diazo- reaetjf n.— -3. By distilling m- 
Bulpho-benzoic acid (1 mol.) with PCI5 (2 mols.) 
and treating the resulting w-chloro-benzoyl 
chloride with water (Limpricht a. Usiar, A. 102, 
259).— 4. By oxidation of m-chloro-loluene with 
chromic acid mixture (Wroblewsay, A. 168, 
200).— 6 . From jp-chloro-nitro-benzene an#KCy 
at 200® (Richter, iB. 4, 4G3).— 6 . Froqi s-chloro- 
amido-benzoio acid by reiij®ving NHj by the 
diazo- reaaion (Hubner,*A. 222 , 91). 

ifoper^,— Long needle^r jmall prisms. 
Does not melt u%dor water. ^ 

Reactiom.~^l. Sodium amalgam reduces it* 
to benzoic iffcid (Deilstein a. Reidienbach, A. 132, 
315).— 2, Potosb-/tM«)wgiveB w»-oxy-benzoic acid 
(Bembey. A. 148, 222). , 

Saltff.— CaA '2 3aq: smrfll needles. S. 1*21 
at 12®.— Ba4), 4aq : smjlU needles.— AgA'. 

Ethyl ^herOfifilCO^Et: (245°); liquid. 
Ofcfon5eC,HA*COCl: (225®); liquid. 
AwtdsaHACONHj: [183®]; needles. , 
NitrilfOjifiim : [39®]. Fbrmed by dis- 


tilling m-sulpho-benzamide with PClj (Limpricht 
a. Usiar, A. 106, 36). Also from the nitrile of 
m-araido-benzoic acid by displacement of NU, 
by Cl (Griess, B. 2, 370). Needles ; insol. water. 
Volatile with steam. 

p-Chloro-benzoic acid CuH 4 Cl.COiH [1:4], 
ChlorO’dracylic acid. [236®]. S. ’OlO. Electrical 
conductivity : Ostwald, J.pr. [ 2 ] 32, 349. 

Formation.—!. From p-aniido-benzoio acid 
by diaze- reaction (Wilbrand a. Beilstein, Arl28, 
257 ; Beilstein a. Schlun, A. 133, 241).— 2. By 
oxidation of p-chloro -toluene with CrO, (Beil- 
stein a. Geitner, A. 139, 336) or dilute KMnQ^ 
(Emmerling, B. 8,880).— 8. Fromchloro-benzene, 
dilute H 2 SO 4 , and MnO^(Carl Muller, [2] 6, 137). 

Properties. -Needles (!5^ sublimation) ; v. si 
sol, water, v. sol. alcohol and ether. Sodium 
amalgam reduces it to benzoic acid (Hartmann, 
J. pr. [ 2 ] 12 , 2041. 

Salts.— BaA\ 4aq.— CaA'j 8 aq.— AgA'. 

Methyl ether MgA.' : [42°]; needles. 

Chloride CuHACOCl. [ 222 °]. 
^wiidewijftACONHj: [170®]; needles. 
'Anilide CuHACONPhH : [194®]; needles. 

Di-chloro-benzoic acid OaHjCl 2 (COjH) [ 6 : 2 : 1 ]. 
Mol. w. 191. [126*6®]. Formed, together with 
the two isomeriHes [166®] and [ 201 °], by the ac- 
tion of water on crude penta-chloro-toluene 
CAClj-CCl, at 200® (Schultz, A. 187, 269). 
Slender needles ; volatile with steam. 

Salts. — KA' 6 aq.— NH 4 A' aq. — BaA'j 8 Jaq. 
S. (of BaA'j in alcohol) 3*8 at 4®.— ZnA', l^ag. 

Chloride C,Ufi\^.COC\: (244®); liquid. 

AmidsCaH 3 CL.CONH. 2 : [166®]; needles. 

Di-chloro-benzoio acid CaH 5 ClgC 0 . 2 H [2:6:1]. 
[166®]. (301®). S. *0860 at 14®. ^ 

9ormaiion.—l. From ohloro-niflb-benzoio 
acid [164®] by reduction add displacement of 
NH, by Cl by means of the diazo- reaction 
(WiUcens a. Rack, A. 222, 201). — 2. From crude 
penta-chloro-tolucne CuH<,Cl 2 .CCl,„ together with 
the acids [126*6®] and [201®] (Schultz, A. 187, 
268).— 3. By chlorinating o-chloro-benzoio acid 
in presence of SbClj (Beilstein, A. 179, 286). 
Oocurs also among products of chlorination of 
benzoic acid.— 4, By oxidising ( 6 , 3, l)-di-chloro- 
ethyl-benzeno with chromic mixture^Istrati, A. 
Ch. [ 6 ] 6 , 479).^6. From CuH,MeCl, [1:2:6] and 
dilute HNO 3 (Lellmann a. Klotz, A. 231, 319). 

Needles (from watel*} ; slightly volatile with 
steam. Heated with dilute H ^04 at 220° i4 gives 
COj and p-dichloro-benzene. — BaA'jSaq. S. (of 
BaA',) 2*5 at 14*4®. — CaA'j2aq. — PbA'jaq. — 
CuA '.2 2aq (B,).— CuA', aq (I.).— FeA'*.— KA' 2aq. 
NH 4 A': slender nee(Res.— AgA'. 

Ethyl ether (271° i.V.). S.G. 21*328. 

Amide C,H,Cl,,.CONH 2 : [165®] ; needles (B.). 

Anilide: [240°] ; prisms (from benzene). 

m-chloro-benzoic acid CuHjCUCOjH) [3:2:1], 
[166®] (0.) ; [166®] (S.). Formed, together with 
the isomeride [ 201 ®], chlorination of benzoic 
acid (Claus, if. 6 , 658 ; 6 , 721 ; 8 , 948 ; 20, 
1621).^ Formed also by oxidising c-di-ohloro- 
toluena with KMn 04 (Seelig, A. 237, 162). Not 
a^ected by dilute H 3 SO 4 at 220®. Distillation 
over lime gives o-di-ohlcip-benzene. Not decom- 
posed bytjono. HjSOi at 800®.— BaA', 8 aq. S. 8 
at 28®. 

Di-ohloro-benioie acid C^,G 1 ,( 002 H) [4:2:1]. 
[168®]. Frbm 0,H,MeCl, [1:2:4] and dilute 
HNO, (Lellmanaa. Klotz, A. 231, 815). 



ID 


CHL0R0-BEN2^I0 ACID. 


S4lt.-BaA^8Jaq. 

0,H3C1,(C0,H) [3:6:1]. 
^82 ]. From C,H,MeCl, and dilute HNO, 
(LeUmajm a. Klotz, ^.231, 324). Needles (from 
dilute aloohol). May be sublimed. 

aH,(CO^)Cl,[4:3:lJ. 

formation, — 1. A product of the chlorination 
of bgnzoic acid (Beilstein a. KuhlberiA ^4. 152 
232 ; 17^ 291).--2. From chloro-sulpho-benzoio 
acid and PCI (Otto. A, 123. 226).-3. By oxida- 
tion of C,H,C1^CH, or C„H,CI...CH,C1 ; or by 
Beating C,Hj,01y0Cl, with water at 200" (B. a. K.). 
4. From^J-cbloro-benzoic acid and SbCl, at 200° 
chloc'nated jp-oxy-benzoic acid 
n 433).-6. From 

O.H;,MeCl3 [l*d:4] by dilute HNO. (Lellmac^ a. 
Klotz. A. 231. 813). 

Properties. — Very slender needles (from 
water); volatile with steam. 

Salts.— CaA'sSaq.—BaA'odaq. 1*1 at 18°. 


ohloro-phtAlio acid with acetic dold (2 or 8 

^ ^*20, 24^* 

^1, l.>d2.) Long colourless needles. V. soL 
alcohol and ether, v. si. sol. water. , 

Salts.— A'jCa 4aq : long cplourlessrfirfbdles : 
m. sol. hot water.— A^Gn ftiart _Wo i' oin« _ 


- - - * - - * 2 — ^aA'., 4aq. S. 1*1 at 

Ethyl ether Et A': (203°) ;.li/^d. 
Chloride C.H,Ol,.COCl : (2C°) ; liqui* 
^mii« C.H,CI,.CONH,: [133“]; needles. 

■ Benzoic acid C.H.,CL(CO .H) 
SO-"]. From tlse corresponding 
aldehyde and KMnO, (Seolig, A. 237, 150). 
Needles, v. sol. water. 

Tri - ohloro - benzoic acid C-HLCUCOH) 
[4:3:2:!]. Mol. w. 226^. [129°]. From the 
•oiresponding (4, 3, 2, D-tri-cliloro-benzoic alde- 
hyde by KMnO^ (Seelig, A. 237, 160). Needles ; 
m. sol. water. 

Tri -ohloro -benzoic acid C.H.CL(COJI) 
[5:4:2:1]. [163°]. From s-tri-chloro-toluene by 
oxi^tioa with chromic acid mixture (Jannasch, 
Formed also by boiling b^zoio 
acid with water and bleaching-powdor for a loii" 
C„H3Cl3.CCi, with wate? 
at 260° (Beilstem a. Kuhlberg, A. 152, 234). 
Slender needles (from water or by sublimation) • 
T. si. sol. cold water. ' 

o — CaA' 32 aq. — Ba.V2 7aq. — 

ordOL 2 4 a^. 

Ethyl ether EtA': [05°]; needles. 
Chloride C^HaClj.COCl. [41°]. (272°) 
Amttfe O.H3CI3.CONH,,; [168°]; needles! 

[6:4^1] 

Eorn^ion.^^ From di-nitro-p-amido-ben- 
210° (Salkowski, 
n w 4?; hexa-chloro-toluene 

NaOH (Claus a. Bdcher, B. 2(jj 


Properties, — Slender lieedloa (from dilute al- 
oohol or by snblimation). 

Salts.— AgA'd#-BaA'3 4aa.- CaA'^IJaq. 
Ethyl ether EtA': [80*^]; slender needles 
( 8 .). • 

Chloride 0„H,C1^0C1. [36°] (S.). 

Amide CjH3Cl,.CONH3. [176°] (S.). i 
c-Tetra-ohloro-beazoio acid C,HCl^(CO. H). 
[165°]. Formed by chlorination of the tt-ohloro! 
benzoic acids melting at [201°] and [160°] ' 
(Claus) by heating with MnO. aidd fuming HCl I 
at 190° (Claus a. Blfther, B. 20, 1626). Also J 
from di-chloro-benzoic acid [16C°] and SbCl. at” 

b^'.^hTc”; w- 

Tetra-chloro-benzoie acid C„HCL(CO..H) 
[6:4:3:2:1]. [186°]. PreparA by heating tetra- 


- * --1 • -''-O WAwuiioooQAcruuil 

sol. hot water.— A^.Cu Slaq;- BaA' 84aa« 
Et^yl eAher A'it; [85°J; long ooffless 
needles. , ^ • 

Tetra-chloro-benzofo acid C«HOL(COin 
[6^:3:2:d]? [186°]. Vrom hopta-chloro-tolueno 

Penta-chloro-benzoic acid C„61j(C03H) . [200°]. 
Formed by chlorination of the di-ohloro-benzoio 
Mn07and HClAq 
at 190 (0. a. B.). — BaA , 4aq : stellate groups of 
needles. • o 

W frife C,C1.(CN). [210»]. Formed by ex- 
haustive chlorination of benzonitrile with SbCl. 
pferz a. Weith, B. 10, 2§85). Colourless needles! 
Sublimable. V. soh hot aloohol, chloroform, 
and CS3, si. sol. cold alcohol and ether. It is 
very stable towards HCl at high temperatures. 
Alcoholic NaOH removes all its chlorine at 200°. 

0 - CHLORO - BENZOIC ALDEHYDE 1211 
CJI.CI.CHO. (c. 216°). S.G. i 1*29. Formed 
by heating tri-chloro-tolueneC,H*Cl.CHCl,. (from 
salicylic aldehyde and PCI4) with water at 170° 
or with (^^ pt.) dry oxalic acid at 130° (Henry. 
B 2 135; Anscliiitz, A. 226, 19). Oil, smelling 
of almonds; volatile with steam. Forms a 
crystallme compound withdJ^SO,. 

^-Chloro-benzoic aldehyde [4:1] C«H.Cl.CHO 

i r Ir^rii Jb'n Obtained by boiling 

I CyHqCl.CHBr. [48°j (10 pts.) with lead nitrate 
(4 pts.) and water (100 pts ) for three days, ia 
presence of CO, (Jackson a. White, Am. 3, 31; 

2«8; B. 11, 1042). Formed by 
boiling C.H^Cl.CH, Cl with aqueous lead nitrate, 
bormed also by passing chlorine into benzoic 
aldehyde containing iodane (Beilstein a.»Kuhl. 
berg, x4. 147, 339). Long needles ; may be sub- 
limed. Sol. alcohol, ether, OS',, and HOAc. si. 
sol. water. Absf>rb3 oxygen from the air. Forme 
a crystallino^eompound with NaHSO^ 

Di-ohloro-benzoio aldehyde C„H,CL.CHO 
[6:2:1]. [58°]. (230°-233°). Preparatiti not 

given. White crystals. On oxidation it gives 
' 762)^^®^°'^®*^'°^° (Gn«hm, B. j?, 

®i’®Bloro.b5nzolo aldehyde OACL.OHO 
[6:2:1]. [C8°J, Formed by heating 

WCl.CHCl, with water at 200° ^eilS ^ 
Kuhlberg, «1. 152, 224). Slender needles ; vola- 
tile with steam ; si. sol. hot Water. Attacks the 
ey#5. Combines with NaHSO,. Oxidises to 
di-chloro^benzoic geid [128°]*, 

(6)-Di-cbloro-Benzoio aldehyde 
C H CVCTO[4^1]. gn. (o.2ae»). Iprmed 
l^y the -l^no, H,SO, qn O^.Cl’bHCL. 

1 he aldehyde is separated by means of the 
double compand with sodiune bftulphite [See- 
Iig, A. 237, 1^). White netdles ffrora aloohol). 
Oxidation with permanganate yields (j8)-diohloro. 
beuzoio Mi* [15S“1. When heated,with A<i,0 
** forms (^)-di.ohloro-cinnamio acid 

Tri-ehloro-benzoio aldehyde • C..H.,C1. CHO 
C,H,dl,.OHCL 

(281°) with water at 2,50’ (B. a. H.; Seelig jf 
18, 420; A, 287, 148). Very slider needles} 



Ineol. boiUqg wat«r, t. lol. aloohol; Volatile with 
iteaiu. Cono. and KNO, form tri-ohloro> 
nitro.bonzoio add [222®] and an aldehyde [124°]. 

Tri-chl^^-beastoio aldehyde 0-H.CIL.CH0 
[4:8:2(11 [00®]. From penta-ohloro*tolnene 

C«|f,CI,!bH04 [81®] (Seelig).^ Gives on oxidatiSa 
tri-chloro-benzoio acid [129®]. • 

CHI0H0.BEN«0NITBI1E o. Nirdba o» 
CniiORo-nENZoio acid. * • 

. CHLOEO.BEK20PHEirONEO,U,Cli30.CflH 
Plienylchlor^-phenyl ketone. [76°j. (above 300°). 
rom ohloro-benzenh, benzoic acid, and P 0 
Kollarits a. Murz, B. 6, 547). Flat needles* 
(from ether-alcohol); v. sol. ether, il. sol. cold 
alcoliol ana ligroln. 

CHLORO-o-BENZOYL-BENZOIC ACID 
C„H,C10, iM C.H..CO.C.H.Cl(CO^) |:2;4or6:l] . 
Chloi'o-oeiuophenons carboxylic acid. [171®] 
From ohloro-phthalio anhydride [97®], benzene, 
and Al,Ch (Graabe a. Rd*e, C. J. 49, 631 ; A. 238^ 
^39). Minute monoclinioi prisms ; v. sol. ether 
and alwhol, si. sol. CSj, v. si. sol. light petro- 
leum. Gone. converts it into ohloro-antbra- 

quinone [204°]. 

Di-chloro-o-benzoyl-benzoio acid 
C H,.CO^ H,Cl,.CO,H. [169®]. From ()8)-di. 
chloro-phthahc anhydride [160®] , benzene, and 
AIjCl* (Le Royer, A. 238, 866). Needles (from 
dilute alcohol). ' 

Tetra-chloro-o-benzoyl-benzoic acid 
ChH,C1,0, i.e. 0«Hj.CO.O,Cl,.CO,H. [200®]. 
From tetra-chloM-phthalio anhydride, benzene, 
and ALCl, (Kircher, A. 238, 838). White needles ; 
si. sol. cold benzene, v. e. sol. aloohol, insol. 
water. Cannot be distilled or sublimed. • 
n Soda-fusion Qiyes benzoic acid. 

2. H,SO, and PCI, give tetra-chloro-anthra- 
quinone.— 8. HI gives tetra-ohloro-benzyl-ben- 
zoic acid. 

S»lU.-NftA'4aq. S. 1-7 at 20°.-EA' IJaq. 

— CuA'j 2aq,^CuA'jCup. 

Et,her8: EtA' [90°].— MeA' [92®]. 
£hloride[m°]. Needles. 

THLORO-BENZOYL CHLORIDE v. Chloride 

of CHLOnmBBNZOIO ACID. • 

CHLOBO-DIBENZITL v. Chlobo-di-piientl- 
ethane. 

p-GHLORO-BEKZTL ACETATE C„H,C10. 
0*H,Cl.CH,.OAc. (240°). From 
KO^ in boiling alcohol 
(Beilstein a. Kuhlberg, aT 147, 344) 

G,H,04CH,OAo. 

(B Vk y prepared from 0,H,C1,.CH,C1 

cklbRO-BENZYL-ACETO-ACETIC ETHER 
OH,.OO.CH(GHClPh).CO^(?) 

[41 ]. Formed, together with an isomerideTO®] 

jIv nw nn nni/ntr J 


UHUmo-BENZYL CYANIDE. 


41 

(f>.«tti>ra) by hating 
with alcohoho ammonia at 180® [R a Ri 
Needles ; v. si. sol. water. ' ‘ 

Tri-ohloro-benzyl aloohol C,HjClq.CH.OH. 
From tri-chloro-benzyl chloride C.H,.C1,.CH Cl 
and alc^olio KOAo at 160°. Crystalline (Beil- 
stem a. Kuhlberg, A. 162, 241). ' 

Tetrl-chloro-benzyl alcohol ChHCL.CH.OH 
From OiHCl 4 .CHjCl, alcohol, and KOAc at^ll0° • 
crystallised from water (B. a. K.). ’ 

Penta-chloro-benzyl alcohol C.C1..CHOH 
alcohol! andS 

alcohol) ; 


/I QjH^CLCHjNHj. ^-Chloro-benzyl chloride 
(1 vol.) heated with alcoholic ammonia [2 vols ) 

atl 00 °form 8 (C,H,Cl.CH,)NH„(C,H,Cl.ck),NH 

and (0«H4Cl.iH,);N. Seir hydrochMes may 
be separa^ by crystallisation from alcohol 
(Berlin, 187 ; Jackson a. Field, Am. 2, 

h -P* Am. ^14, 6G). Colourless oil ; sol. ether. 
Salts.— “B'HCl : [241°]; narrow plates, sol. 
aIcohol.-B^,H,PtCl, : yellow needles. 
[230°1; decomposed by melting.— 
[116^] ; plates (from water) or needles 


C if AlC0Harc,H.ClO i.e. 

nhi ^ ^•) J [71®] (i. a. F.). 

1 ftohloro-befejl Metato (». 

S»r at 160’ (Beilstein a. 

uhlberg, A. 147, 844 ; Neuhpf, Ze [2] 8. 467). 

0«H^ClOH^iSS“® p-oWoro-benzyl chloride 
2 fift . D waterVaoksona. Field, Am. 

tion nV f • (by wbilma. 

Cer Sol. hot 

ftn'A' ’ ^l^ohol, and ether. Ghromio miztnre 
wdjses It tol-o^ro-benaoio add [888®]. 


>‘B'.,H,CO,.,__ 

(from alcohol). 

Di-^i-chloro-di-benzyl-amine 
(CjH^Cl.CHAjNH. [29°]. From chloro-benzyl 
bromide and alcoholic NH, (Jackson a. Field 
Am. 2, 90; P. 11. 904). White blades; insoL 
water, sol. aloohol, ether, benzene, and CS 
Salt8.~B'HCl; [288°]; plates, sol. water 
and alcohol, msol. ether.- B'^H^PtCL: yellow 
scales, si. sol. boiling water, insol. alcohol. - 
B HBt : [280°-290°], melting with decomposition. 
Scales, si. sol. water, insol. ether. 
(B)-Di-ohloro>dl-beniyl-aniine 

TBis base occurs, together 
wth the two following, among the products of 
the action of alcoholic NH, on crude chloro-benzyl 
chloride (Berlin, A. 161, 141).— B'HCl : [228°] 
® HBr ^224'’].-B'HI : [216^.-B'HNO, : [204"]. 

M-Di-ohlorO'di'benzyl-ai^e 
(0AC1.CH2),NH. Balts.— B'HCl: [220°].- 
• [212°]. — B'HI : [187°]. -•B'HNO, ; 

[193°]. 

(8)-Di>ohloro*di-bem^l>amine 
(C,H4C1.CH,),,NH. Salts.— B'HCI ; [222®].— 

[19n~B'HI: |fl8®].-Wo,: 

[179 ]. 

Tri^-ohloro-tri-benzyl>amine 
iCjH^CI.CHJgN. [79°]. From ^-chloro-benzyl 
bromide and alooholio^H, (J. a. P.), Needles ; 
sol. hot aloohol, ether, benzene, and CS, 

Saltrf-B'HC12aq: [Wi-B' H,PtCl,: pale 
orange plates, insol. water, alcohol, and ether. 

TEffRA-CHTiORO-o-BENZYL-BENZOIC ACID 
C,Hj.CHj,0,01,.C0,H. ^etra<ldoro~di-phenyU 
Methane eso-oarboxylie^acid. [157°]. From 
CaHj.OO.O,Ol 4 .CO-JEI and cono. HI at 180® (Kir- 
oher, A.4I88, 848). Hair-like needles (from diluto 
alcohol). Insol. water, v. sol. olcohol. 
SaltB.-NAA'4ag.-AgA'. 

CHL0W.BEKZYL BIOHIDE v. Cblobo- 
BBOMO-TOLUSinB. 

CHLORO-BENZYL CHLORIDE v. Di-chlobo- 

TOLUBim. 

CHLORO-BENZYL CYANIDE v. NUriU ol 

OfiLOBO-VBBEyXi-ACiTXO ACID. 



« OHMICa-BENSSYL ETHTL OXIDE. 


|>47fit0B0.9XNZTL ETttTL OXIDE 
C,H,C1.CH,.0.0^,. (217®) (Sintenifl, A. 161, 

386) ; (216®*225®)( Jackson a. White, Am, 2, 170) ; 
(22o®) (Errera, Q* 17, 206). From j)-chloro« 
benzyl chloride (acetate or bromide) and alco- 
holic EOH (Naquet^ A. Suppl. 2, 251). Liquid, 
^th ^ity odour ; decomposed by heating above 
its boiling-point into 2 }-ohloro-benzoio aldehyde 
and ethane (E.). 

J^OHJDEO-BENZTLIDENE-ANILINSS 
C^Hj.N ;CCl.CuH j Bmzanilide - imide - chloride, 
[41°]. Formed by isomeric change of the first 
formed oxim-chloride (C^HJ^CrNCl by the action 
of PCI, or<, POClj upon benzophenone-oxim 
(G,H,}2G:N0H. CoIoKulesB rhombic tables (Beck- 
mann, B. 19, 989). « 

CHLOBO-BENZYLIDENE CHLOEIDE o. ?ri- 

CRLORO-TOLTTBNI. 

o-CHLOEO-BENZTIIDENE-HALONIC ACID 
CioH^ClO^ t.«. C.H,Cl.CH:CH(CO^),. [192°]. 
Formed by heating malonic acid \^h o-chloro- 
benzoic aldehyde and HO Ac fo^^ine hours at 
100° (Stuart, C. J. 63, 141). Decomposed on 
melting into GO, and chloro-cinnamic acid. Boil- 
ing water s^its it up into o-ohloro-benzoic alde- 
hyde and malonic acid. « 

».CHLOIlO.BENZYLIDENE-(a).NAPHTHYL- 
AMINE 0,H,CCl;N.C,aH,. [60°]. From benzoyl- 
(o).naphthylamine and PCI, (Just, B. 19, 979). 

•-Chloro-benzylidene-(i3)-naphthylamine. 
[68°J. Similarly prepared (J.). Leaflets ; slowly 
converted into benzoyl-(iS)-naphthyIamino on 
exposure to the air. 

CHLORO-BENZYLIDENE-PHTHALIMIDINE 
C„H„ClNO. [232°]. From benzylidene-phthal- 
Imidine and PCI, ((Gabriel, B. 18, 12G0). Iftedles 
(from alcohol). 

«.CHL0£0.B£NZ7LIDENE.o-T0LITIDIN£ 
C„H,„C1N t.«. C,H,Me.N:CCl.C,H, Benzoyl-o- 
toluidine-imide-chUyi'ide. Formed by the action 
of PCI, upon benzoyl-o-toluidine. Water regene- 
rates benzovl-p-toluidine. The compound was 
not obtained in a pure state. With sodio-malonio 
ether it gives o-tolyl-iS-imido-benzyl-malonio 
ether C,H,,C(NC,H,).CH(C02Et), (Just, B, 19, 
982). ^ 

w-Chloro-benzylidene-m-tolnidine 
C„H„C1N %.$, C,H,Me.N:CC1.0,H,. Formed by 
the action of PCL upon benzoyl-m-toluidine. Not 
obtiined in a state. By the action of sodio- 
malonio ether it yields m-tolyl-8-iraido-bcnzyl- 
malonic ether C,H,.C(NO,H,).CH(COjEt), (Just, 

B, 19, 983). e 

w-CnUoro-benzylidena^toloidiiie 

C, H,Me.N:CCLC,H,. [62% Formed by gently 
warming benzoy||p-toluidine with P61,. Large 
clear prismatic otystals. Bv boiling with water 
or alcohol it is reconverted into the benzoyl-p- 
toluidine. With n-to^idine it yields di-n-tolyl- 
benzamidineO,H,.C(NB,H,)NHC,H,.Withsodi(^ 
malonic ether it gives p-tolyl-jB-imido-benzyL 
malonic ether G,H,.C(NG,H,Me).Ge(C 02 Et )2 
(Just, B. 19. 979). 

CHtORO-BENZTL-lCALONIf ETHER 
G,H..CHrGCl(CO,B% (305°). S.O. ^ 1150. 
Prepared by the action of benzyl Chloride (2o 
ptsA on chloro-maionic ether (38*8 pts) and 
NaOEt (from 4-6 pts. Na and 70 pts. alcohol) 
(Conrad, A. 209, 248; B. 13, 2169). Liquid. 
Decompoted by KOH into%lo(^l, ocnzyl-tar- 


tronic acid GMH,.GH,.C(OBi)(CO,H)„ and a littto 
oinnamio acid. 

Amide 0,H,C1(C0.NH2),. (o. 80°). White 
needles. Sol. alcohol, insol. water. (Bisohoff 
a. Emmert, B. 15, 1112). • * 

p-CHLOEO-BENZTI. MEBeAPTAN^O.H.ClS 
i.e. [4:1] 0,H.C1.CH2.SH. [20°] (J. a.W.). CTom 
p - chlcTfo - benzyl bromide (or chloride) and 
alcoholic KH8 (Beilaiiein, i. 116, 347; 147, 
846 ; Jqckson a. White, Am. 2, 167 ; P.Am.A, 
14, 312). Nauseous liquid or white crystals. 
Mixes with aVohol, ethers benzeiA, and CSj.— 
(C^HgClSl^Hg ; from the mercaptan and ppd. 
llgO ; needles ; insol. water, sT. sol. ether and 
alcohol. * 

DI-p.CHLORO-DI-BENZYL SULPHIDE 
0„H,,Cl2S i.e. (C,H,C1.CH2 )jS.^ [4p°]. Fromp- 
chloro-benzyl bromide and alooholic Na^S (Jack- 
son a. White, P. Am. A. 14, 312 ; Am. 2, 166 ; 

13, 1217). Thick needles, insol. water, v. sol. 
alcohol, ether, benzepe and CS}. 

Di-p-chloro-di-benzyl disulphide CnHuClsai, 
i.e. (C,H,C1.CH2)2S2. [59°]. Prom p-chloro- 

benzyl bromide and alooholicr NOjS, (J. a. W.). 
Flat needles, with disagreeable smell. V. sol. 
alcohol, HOAc, ligro'in, ether, benzene, and CS,. 

p-CHLOEO-BENZYL SULPHOCYANIDE 
C,H,C1.CH,S.CN. [17°]. Prepared by boiling 
an alcoholic solution of p-chloro-benzyl bromide 
with ECNS (Jackson a. Field, Am. 2, 91). 
White flat needles. 

DI-p-CHLOEO-DI-BENZY^SULPHONE 
C^H.-ASOj i.e. (C,H,C1.CH2).;S0,. [165°]. 

Fc^ed, together with CgH^Cl.CHaSOjH, by the 
action of K^SO, on p-chloro-benzyl chloride 
(Henninger a. Vogt, A. ICO, 374). Prepared by 
oxidising p-chloro-benzyl sulphide with CrO, 
(Jackson a. White, Am. 2, 167 ; P. Am. A. 14, 
312). Very small needles (from alcohol) ; insol. 
water, sol. alcohol, ether, HOAc, and CS.^. 

Isomerides [149°] anA [185°] are formed when 
crude chloro-benzyl chloride is used (H. a. V.). 

CHLOEO-BEHZYL ^SULPHOKIC ACT^ v, 

Cni/JRO-TOLUENe BDLPHONIO ACID. 

DI-p.ClfL0E0-DI-B£NZYL DI^ULPHOX- 

IDE (C,H,C1.CH2)2S20^ • [120°]. Obtained by 
oxidising di-p-ohloro-di-benzyl disulphide with 
CrO, in HOAc (Jackson a. White, Am. 2, 169; 
P. Am. A. 14, 316). Waxy solid, becoiging 
crystalline; insol. ^ter, v. sol. alcohol and 
ether. 

DI - CHLOEO - BETORCIN O.CljMe JOH),, 
[142°]. prepared by adding tetra-ohloro-betor- 
cin in small portions to boiling hydric iodide 
It p.o.). Crystallised from light petroleum 
50 pts.][ (Stenhouse a. Orqves, G. J. 37, 395). 
Colourless needlffl. Sol. CS^, benzene and ether. 

Tetra-cUoro-betOTqjLn C 2 Cl 2 Me 2 (OCl)j. [109°]. 
f repare4. by add ing a solution of^foetoviin to a 
slight excess m chlorine hydlrate (Ice and water 
saturated with Cl). The oryst^s which sepa- 
rate after 12iiourB are recsysftllltBed from light 
petroleum. The yield is quantitative (Stenhouse 
a. Groves, Q. J. 87, 899). 

Preper/tes.— Large white prisms. V. soL 
benzene and ether, insol. water. * 

OHLOEO-BROMAL v . Chcobo • ni - bbouo- 

ACBTIO ALDSHTDS. * 

CHLOEO-BEOMALIDE C.H^Cl^Br.O,. [122°]. 
Coloorless prisms. Formed by hinting m-ohloro« 
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bromo'flcetio AldehyJo with HjSOi (b^acobsen a. 
Neumei.ster, B, 15, 600)« 

CBLORO.BBOUAKIUO ACID v. CuLono* 

BROMO- DI-OV-OUINONK. 

C]^^O.BBOMO.ACETIO ACID 

CHfilBr.COiH. [201°]. Prepared by heating 
chloro-acetio acid (1 mol.) with brcHnine ^ mol.) 
at 100° (Cech a. Steiner, 8, li|^4). Pungent 
liquid ; attacks the skin. ^ Its salts are v. sol. 
water. • 

Ethyl siherEi^. (c. 102°). Smells like 
peppermint ; partially decomposea on boiling. 

^mideCHCaBr.CONH,: [120°]; needles. 

Chloro-^-bromo- acetic acid CClBrj.CO,^H. 
[89°). (233^. Formed by oxidation of the cor- 
responding aldehyde with HNOj (Neumeister, 
B. 15, 003). Irinfetrio plates (from cone. HNO,). 
By alkalis it is split up into CO, and chloro-di- 
bromo-methane. ^ ^ 

Salts.— KA'2aa: glistening soluble prisms. 
^PbA',aq, sparingly soluble slender needles. 

Ethyl ether A'Et: (203°); liquid. 

Amide CClllr,.CONH,: [127°] ; small trans- 
parent dimetrio tables ; v. sol. ether and chloro- 
form, si. sol. benzene and CS,. Formed together 
with CHClBr, by the action of dry NH, upon di- 
chloro-tetra - bromo - acetone CClBrj.CO.CClBr, 
dissolved in ether (Levy a. Jedlifika, B. 20, 
2320). 

Di-chloro- bromo -acetic acid CCl,Br.COjH. 
[64°]. (216°). Formed by oxidation of the cor- 
responding alde%db with HNO, (Neumeister, 
B. 16, 602). Large prisms. V. sol. water and 
alcohol. 13y boiling with alkalis it is split-up 
into di-chloro-bromo-methane and CO.,. 

Salts.— KA'3aq; long trimetrio prisms. — 
NaA'5aq: large tables, sol. water, alcohol, and 
ether. — *Nn,A': long tine needles.— PbA',aq: 
sparingly soluble glistening prisms. 

Ethyl ether MEi'. (189°); liquid. 

Afhid«[189°]; (251°); tables. Sol. alcohol 
and ether ; inso]. chloroform. 

<CHLOBO.Dl-BBOMO-AGETlC ALDEHYDE 
CClBrj.CHO. Chlorobromal, (1^°). S.G. 
2*2793. Prepared by the action of oromine on 
chloro-acetal CH,Cl.CH(OEt).,. Liquid. By 
treatment with EOH it gives chloro-di-bromo- 
methane (Jacobsen a. Neumeister, B. 15, 600), 
•Hydrate CC]Br,.OH(OH),. ChUyrodi- 
brcnno-acetic orthaldehydf. [52°J ; small prisms. 

Alcoholate CCiBr,.CH(OII)(OEt) ; [46°]; 
long needles. 

Combination with Acetamide [158°]. 

Di-chloro-bromo-acetio aldehyde cibl.,Br.CHO. 
Bromochloral. (126°). S.G. 1*9176. #re. 
pared by the actipn of bromine on di-chloro- 
acetal CHClj.CH(OEt), (Jacobsen a. Neumeister, 
B. 16, 600). Colourlesg "pungent liquid. On 
heatii% with H.SO. it gives^bromochloralide 
CJ*U,Cl,Br,(J» [121°]. 

Sydratep(2^Bv,CIl{0B)j. Di-chloro-bromo- 
acetic orthaUkhyd§. [61°]. Cotourloss trime- 
tric plates. Sol, water, alcohol, and ether. 

.lenlernSw'l’i' : [43=], 

CHLOBOr-mOKO-ACBTO-ACETIC ETHEB 
C«H,ClBrO|. ^rom chloro-aceto-acetic ether and 
Br; or from bromo- aoeto-aoetic ether and Cl 
(Mei^es, A. 246,62). Oil. NaOEt gives bromo- 
Melio ether. ♦ 


Chloro4i-bromo-aceto-ac6tie ether 
O^gClBrjO,. From di-bromo-aoeto-acetio ether 
and Cl in diffused daylight (M.). NaOEt forme 
chloro-bromo-aoetic ether (162°). 

Di-chloro-bromo-aoeto-acetie ether 
OaHjCl^BrOs. From bromo-aoeto-aoetic ether and 
Cl (M.). NaOEt forms di-chloro-acetio ether. 
Di-cMoro-di-bromo-aceto-acetio ether 
C,H«(?l.p3r,0, i.e. CHBr.,.CO.CCL.CO,Et(?) 
S.G. ^2*1*956. Formed by brominatiyi OT di- 
ohloro-aceto-acetic ether. Oil. On saponification 
by heating with HCl it yields di-chloro-di-bromo- 
acetone (Conrad a. Guthzeit, B. 16, 1551). • 

CHLOBO-BBO MO- ACETONE C,H,ClBrO U. 
• 0 
• A 

CHfCl.CO.CH;5r or CH,Cl.CH.CHBr. [86°]. 
(c. 179°). Obtained from epicblorhydrin 


CH 2 Cl.CH.CH,, by treatment with HBr and oxi- 
dation of l^jresulting CH 2 Cl.CH(OH).CH 2 Br 
(Th#egarten, « 6, 897, 1276). Pungent crystals, 
si. sol. water ; v. sol, alcohol and ether. Forms 
a crystalline compound witli NaHS^, (Theegar- 
ten; c/. Cloez, \ Ch. [6] 9, 145). 

Chloro-tri-bromo-acetone CjHjBrjClO. [60°]. 
Prepared by heating dichloro-dibromo-acetona 
with HBr ; or dichlorhydrin (1 mol.) with bro- 
mine (3 mols.) and water at 110° (Claus a. Lind- 
horst, B. 13, 1210). Trimetrio prisms: a:b:e 
-*7124:1:2. 

Cblore-tri-bromo-acetone C,H,ClBr,0. 2Vi- 
bromo-epichlorhjdrin. Prepared by treating epi- 
chlorhydrin (1 mol.) with bromine (1 mol.) at 
100°^ Pungent liquid ; heavier than water ; can- 
not be distilled even in vaaio. On shaking with 
water it forms a hydrate CjHjClBrjO 4aq [55°] 
(Grimaux a. Adam, Bl. [2] 33, 257 ; cf, Cloez, 

A, Ch. [6] 9, 145). 

Chloro-tri-bromo-acetone CjHjClBr,0 tje, 
CBr 3 .CO.CH 2 Cl. (216°). S.G. 2*27. Fromchloro- 
acetone and bromine at 100° (Cloez). Pungent 
liquid. Forms by d rates OjHjClBrjO 4aq (from 
water) and CjHjClBrjO oq (from alcohol). Cold 
aqueous ammonia forms bromoform ai|d ohloro- 
acetaniide. 

Di-chloro-di-bromo-acetone C,H..CIoBr 20 i.$. 

O • 

A • • 

CHBrCl.CH.CBrCl or CHBrCl.CO.CHBrCl. [-^°]. 
(135°) at 40 mm. From di-ohloro -acetone (de- 
rived from epicblorhydrin) and bromine (Cloez).' 
Does not combine wi^i NaHSO,. With water 
it forms long prisms of the hydrate 
C-jHaClgBrjO 4aq [64°]. Does not give off a 
ohloro-bromo-mothane wbea*treated with am- 
monia* 

Di-chloro-di-bromo-acetone C^HjCl^r.O i.e. 

I 0 • 

A 

CBr,Cl.aH.CHCl or CBrjCl.CO.OHjC! (141°) at 
20 mm. Preparod by heating dichlorhydrin 
(1 mol.) with bromine (8 mols.) and 4 the volume 
I of water to 110° until thr colour of the Br has 
gone ; the field is theoretical (Clans a. Lindhorst, 

B. 13, 1209 ; c/. Oarius, A. 155, 88 { Grimaux a. 
Adam, Bl. [2] 82, 14 ; Cloez, loc. oU,). Forms a 
hydrate 0,Hj01aBr,0 4ftq, [56°], (I40°-160°) at 
20mm, Not idenitoal with the praoitipg (0.), 
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i}i*cbloro<4i*bromo-aoetoiie 0HClt.00.0HBr,. 
(120») At25iii]ii. Formed by tiie action of bro> I 
mine on ordinary di-ohloro-acetone orBarbaglia’s 
di-ohloro>aoetone (ITO*^) (Oloez). It forms un- 
stable hexagonal tables of OtHtOljBrtO 4aq. Am- 
monia forms no ohloro-bromo-metbane. HgCl, 
gives tetra-ohloro-acetone. 

Di-ohloro-di-bromo-acetone CjH,C13rjO or 
OHCl,.OO.CHBr 3 (?) Formed by he&fcing di- 
chloto-^-bromo-aceto-acetic ether wi#i HCl 
(Conrad a. Guthzeit, B, 16, 1662). Colour- 
less pungent liquid. Forms a hydrate 
djEEtOltBrjO 4aq crystallising in large colourless 
six-sided tables. Is perhaps identical with the 
preceding. ' a 

Di-cbloro-tetra->romo-acetone 
C01Br3.CO.C01Brt. [79®]. Formed by the action 
of bromine upon jp-di-chloro-p-di-oxy-quinone 
(ohloranilic acid) CaCl2{0H),jP3. Transparent 
monoclinic crystals (from acetic acid). Heated 
with baryta-water it yields chloro-di-bromo-me- 
thane CHClBr,. Dry KH, gas ponf*^rts it into 
chloro-di - bromo - acetamide CCMH^CONH.^ ^and 
ohloro-di-bromo-mothane. With phenyl-hydra- 
zine it givA a mixture of chloro- and bromo- 
benzene (Levy a. Jedli6ka, B. 2p, 2319; c/.Sten- 
house, A. Suppl. 8, 17). 

Tri>ohloro4)ronio-aoetone CaH^OlsBrO t.e. 
OOli.OO.OHsBr. (190®). From tri-chloro-acctone 
and bromine at 100®. Very hygroscopic, forming 
hexagonal tables ofthehydrate CjH^CljBrO 4aq 
[48°J. With ammonia it forms chloroform and 
bromo-acetamide (Oloez). 

TBI-CHLORO-ajS-DI-BEO MO-ACETYI-PRO- 
PIONIC ACID C,H3Cl3Br,03 t.e. 
CCl,.CO.CHBr.CHBr.CO.H. [98®J. From tri- 
chloro-aeetyl-acrylio acid and Br in chloroform 
(Kekul6 a. 0. Strecker, A. 223, 183). Volatile 
with steam ; may be sublimed ; insol. cold water. 
Boiling lime-water splits it up into chloroform 
and inactive tartaric acid. 

CHLOEO.BEOMO.ACBYLICACIDC,H,CmrO 
i.«. CBrCl: 0 H.C 03 H (?) [70®]. S. 6'75 at 20 : 
Prepared by the action of HCl on bromo-propiolic 
acid at 0® (Mabery a. Lloyd, Am, 3, 127 ; Hill, 
B. 12, 660). Needles or prisms ; may be sub- 
limed. sol. alcohol and ether. Chlorine 
^forms tri-chloro-bromo-propionio acid [84®] (Ma- 
*'bery, Am. 9, 1). „ 

Salts. — KA'. — ^BaA,2aq: flattened prisms. 
B. I!l*16 at 20®.— CaA',4aq: needles; v. e. sol. 
hot water.— AgA'. 

(a)-Cbloro-u>bromo-aoryUo acid 
0,ClBr,.C0,Hi.«.CBr3;CCLC0.;a(?) [104®]. S. 
6*7 at 20®. Prepared by the action of ClBr in 
chloroform on bromo-propiolic acid in the cold 
(Mabeiy a. Lloyd^m. 6, 157). Triolihic prisms 
(from CS,) ; v. soL hot water, CS,, and chloro- 

S alts.— AgA' : trimetrio plates (from water) ; 
not affected by lightf^CaA', 2^aq : branohingEi 
needles.— BaA'j 8aq : flat prisms. S. 26 at 20®. 

(/9).Chloro-^-bromo-aerylie acid o 
CBrChCBr.COjH. [99®]. S, 2-6 at 20®, From 
chloro-tri-bromo-acivl^ acid by<^adding baryta- 
water in the cold tillelkalme (M. a. L.). Prismsi 
(from GS,); v. sol. alcohol, ethd*, and hot 
water.— BaA',8aq: ‘^Slmider prisms. S. E6 at 
20®.— CaA',^: branching needles. 

Di-ohloro-bromo-aerylio acid CtBrCls-CO^H 
U OCl,iCBr.CO,U(?) [78^®]. S. 6*9 at 


20®. Obtaihed by the action of cold baiiyt*^ 
water on di-ohloro-di-bromo-propionio acid ob- 
tained from a^-di-brmo- acrylic acid and 
chlorine (Mabery, Am. 9, 8). PrisijaB; v. sol. 
alcohol and ether : si. sol. cold CS.. * 

Salts. — EA' : slender Iheemes. A^' t 
slender needles.— BaA'jSoq : trimetrio plated— 
CaA '2 4&q : pearly needles. « 

Di-chloro-bromo-aovylio acid C 3 BrCl,.C 03 H 

U. CClBnCBr.COjH^) [86®]. S. 2-6 at 20® 
Obtained by the action of cold ^aryta-water 
(1 mol.) on (K-ohloro-di-bromo-piopionic acid 
(1 mol.) that has been prepared from bromine 
and oB-di-chloro-acrylic acid (M.). Prisms ; v. 
sol. alcohol and ether, m. sol. CS,.'^ This /ujid 
is possibly identical with the preceding. 

Salts.— KA' : pearly needleg. — AgA' : slender 
needles. — BaA', 3aq : trimetrio plates. — 
CaA '5 4aq: jagged plates. 

® CHLORO-BROMO-A2.DEHYDE v. Chloro- 

BROMO-AORTIO ALDBHYPE. 

0*- D1 - CHLOEO-m-BEOMO - AMIDO - AOETOk 
PHENONE [6:2:1] C,HsBb[NH,).CO.CHCL,. 
[110°-120°]. Formed by boiling wwm-tri-bromo- 
araido-acetophenonewith HCl (Baeyer a. Bloem, 
B. 17, 967), Sublimable. Fine felted orange 
needles or long flat prisms. V. sol. alcohol, si. 
sol. water. By boiling with dilute NaOH and 
exposure to the air it yields bromo-indigo. 

CHLOEO-BEOMO-ANILINE C,H,ClBr(NH3) 
[2:4:1]. [69®]. Formed, together with p- bromo- 
aniline, by the action of iim and HOI on p- 
bromo -nitro-benzene (HiibnOT a. Alsberg, A. 
150, 312 ; Fittig a. BUchner, A. 188, 14). Formed 
al^ by chlorinating p-bromo-aniline. Prisms ; 
volatile with steam. — B'HCl. 

Chloro - di - bromo - aniline CaH 3 ClBrj(NH,) 
[6:4:2:!]. [96®]. Formed by bromination of 

o-chloro-aniline (Langer, B. 15, 1065; A. 215, 
115). Long white needles (from benzoline) ; 

V. sol. boiling alcohol ai^i ether. , 

Chloro - di - bromo - aniline 0,HjClBr,(NH,) 
Formed by brominating p-chl«o-aniline (Hof- 
mann, A. 63, ^8). White prisms, which faelt 
in hot w'ateni volatile with steam. ^ Does not 
form salts. r 

Chloro - trl - bromo - aniline CaHClBrgjNHJ 
[3:2:4:6;1]. [124^]. Formed by bromination of 
m-cbloro-aniliue by Br in dilute HCl (Langer, 

B. 16, 1005 ; A. 216, il2). 'Thin white needles 
(from alcohol) ; v, sol. boiling alcohol and 
ligroi'D. 

Di - chloro - bromo - aniline 0,H,0i.3Br (N H,) 
[2:6:4:!]. • [93*6®]. Formed by chlorinating 
p-lnomo-aniline (Fittig a. BUchner, A. 188, 22). 
Does not unite with acids. 

Di - cflloro - tri-^romo-aniline C«Gl,Br,(NH.J 
[8:6:2:4:6:1]. [2f!)'6’i]. From di-chloro-aniline 

C, H,(NIL)C1, (1:3:6] irfdUute HCkby bspmine- 
water (LangWP^A. 216, 122)^ Wfcite needles 
(from alcohol). M. sol. boiling alcohol. 

Tri - ohlorq»di -bromo • anilide )D„Gl,Br 2 (NH 3 ) 
[2;4:6:3:6:1]. [238*5®]. From 0,H3(NH3)Br, 

[1:3:6] in i^etio acid by Cl (Langer, A, 216^ 
118). Whim needles (from alcohol).^ 

DI-CHLOBO-BEOXO-ANTHBAOENS 
CuH^ClsBr. [168®]. Formed ^ heating di- 
cmoro - anthracene tetra - broimde at 190® 
(Schwarzer, B. 10, 876). Small weenish-yellow 
laminm ; v. sol. benzene ahd ohl^form. 



Pi-ehloro-di-bromo-anthracene Oj^H^ClaBr,. 
(S62^J. From <li-ohloro-anthracene tetrabromide 
and alooholio EOH (S.). Small yellow needles 
(from 'benzine) ; si. sol. alcohol, v. sol. benzene. 

lU'OllorO'tetit-bromo-anthraoene 
0,4^401^r4. Formed by the acti(m of alcoholic 
EOH upon di-ohlgro-di-bromo-antnraceift-tetra* 
bromide (Hammerschlag^B. 19, ft07). Golden- 
yellow needles. Solid at«380°. V. sj. sol. all 
solvents. Bv OrO, aod acetic acid it is oxidised 
to tetra-bromo-anthiaquinono. e 

DI . OHLOB^BI . BBOMO - ANTHBACENE- 
TETBA-BBOMIffB 0,4H,a^r,. [212<‘]. Glisten- 
ingjvhite Jteedles (from acetic acid). Formed 
by combination of di-chloro-di-bromo-anthracene 
with bromine valour. By alcoholic EOH it is 
converted into di-ohloro-tetra-bromo-anthracene 
(Hammersohlag, B. 19, 1107). 

m-CHIOBO-BBOMOiBENZENE .C,H4ClBr 
G:3]. From p-chlorO' aniline by bromination 
Ind elimination of NH, by the diazo- reaction 
(Earner, /. 187^ 326; Q. 4, 306). 

p-Cbloro-bromo-benzene 04H4ClBr [1:4]. 
[f)7®]. (lOG®). From j)-bromo-aniline by dis- 
placement of NH, by Cl; or from p-chloro- 
anilino by displacing NHj by Br (Griess, 2V. 
1864 [3] 702). Also by boiling p.ohloro-benzene 
with bromine iKarnor, Q. 4, 342). 

Chloro-tri-oromo-benzene CjHjClBr, [1:2:4:6]. 
[80°] (S.) ; [82°] (L.). F(yn}iation.—l. By heat- 
ing the perbronud^ of tri-brorao-diazo-benzene 
chloride (from trrbromaniline) with glacial acetic 
acid (Silberstoin, J. pr. [2] 27, 113).— 2. From 
C4HClBr3(NH,) [123>5°], alcohol, and amyl 
nitrite at 100® (Langer, A. 215, 118; B. 15, 
1066). Propcrffcs.— Long satiny needles. Insol. 
water, si. sol. cold alcohol and glacial acetic 
acid, V. sol. hot alcohol, hot glacial acetic acid, 
ether, benzene and OHCl.,. 

Bj . ohloro - di - bromo - benzene OflljBrjCl,. 
[67°] (Garzino, G. 17, 502). 

Bi-ohloro*t9i-bromo.ibenzone CgHCl^Br, 

tl^:2:4;6]. [121®]. From q.(NH,)Cl,Br, by 
treatment with amyl nitrite amfaipohol (Langer, 

A. 215, 1^0; B. 16, •1832). Small thin noedlos 
(from alcohol). 

Tri-chloro-di-bromo-benzene CJlClaBr, 

[1:3:5;2:4]. [119®]. From 0«(NH,)CLBr3 and 
afhyl nitrite in alcohol JLangor, A. 215, 119). 
Slender needles. V. solrboiling alcohol. 

CHLOBO-BBOMO-BEKZOIC ACID 
C,H,ClBrO,4 U 0 . OeH,01Br.COH. [151®]. 8. -26 
at 21®. Formed by adding bromyie to a hot 
solution of silver o-chloro-benzoato (but not of 
the free acid) (Pfeifer, B, 6, 656). Slender 
needles (from wate*) ; may be subliraecj.— KA'aq. 
— B8A',3a(i.— CaA'.;2aq. *• 

Chloro*bromo«benzoi^ *aoid O^IIjClBr.COjH. 

B. *09^t 21*. From m-ohJorQ|benzoio acid and 
bromine (rt). Slender needlesr5?BfaA ^ 2aq. < 

DI.CHLOJIO4DI-BROMO-BUTANE 
C^n^CLBrj f,e.OH,.CHBr.OHB<lCHCl4, From 
Br and the di-chloro-butylene derived from cro- 
tonio aldehyde (Kokul6, A. 162, JS ; Newbury, 
Am, 6, Il3). Decomposes above 100®. Oon- ■ 
verted by IfoBing dilute into 04n401Br(r 
(116®-120®).. 

CHIOBO%I-BB02IO.BIim ALCOHOL 
C^H,ClBr,0. Obtained by the union of bromine 
With ohlojfo-Witenyl (chloro-orotyl) alcohol which 
itself got by rednottea of tri-smoro-butyl al- 


OHLORO-BROMO-ETHANi:. 
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cohol (GarzarolH-Tliurnlackh, A. 213, 878). 
HNOj oxidises it to chloro-di-bromo-butyrio 
acid. 

CHLOBO-BI-BBOMO-BUTTBIC ACID 

C4H,ClBrjO, ♦. 6. CH3.CHBr.CClBr.CO2H (?) 
[92®]. From a-chloro-crotonio acid and Br 
(Samoflf, A, 164, 105). Prisms, m. sol. cold, de- 
compossi by hot, water. Distillation, or treat- 
ment with zinc and HCl, converts it into ebJoro- 
crotonio acid.— PbA',.— AgA'. 

Chloro-tri-bromo-butyric acid C4H4ClBr,02. 
[140®]. Formed by oxidising the corresponding 
aldehyde with fuming HNO, (Pinner, B. 8, 
1324). Small plates. “ 

CHLOBO-DI-BROMb-EfijraiC ALDEHYDE 
C4^,C1B^^.0 i. e. CH3.CnBr.CClBr.CHO. From 
Br and o-chloro-crotonio aldehyde in the cold 
(Pinner, B. 8, 1322). Oil ; with water it slowly 
forms a solid^ hydrate or orthaldebyde 
C4n.ClBr2(OH)2. 

Chloro-^jd-bromo-butyric aldehyde 
C4^^4ClBrJO^%^’ormcd by warming o-chloro- 
crotonio aldehyde with bromine (P.). Oil. 
Forms a hydrate or iprthaldchyde 
C,H,ClBr,(OH)3 [78®] crystallising in slender 
needles. 

Di-chloro-di-bromo-butyrio aldehyde 
CH3Cl.CHBr.CClBr.CHO. [0.-78®]. From 07- 
di-chloro-crotonic aldehyde and Br in the cold 
(Natterer, M. 4, 540). Combines with NaHSO,. 
It forms a crystalline hydrate or orthaldebyde 
CHXl.CHBr.CClBr.CH(OH)j [72®]. 

CflLOBO-BBOMO-CAHFHOB v. CAMrnoB. 

CHLORO-DI-DBOMO-fV-GUMENE 
CJLCHBr.OHBr.CH^Cl. [96*5®]. From styryl 
chloride and Br. Tables (from ether). 

TRI-CHLOBO-BBOMO-CYMENE 
>‘0,Cl,Br(CH,)(C3n,)(?) [65®]. From sodium 
tri-chloro-cymene sulphonate and bromine- 
water (Kelbe, B. 16, 019). Needles. 

CHLORO-PENTA-BEOMO-DECYLENB 
0,pH,4ClBr,. From Br and menthyl chloride 
(Opponheim, A. 130, 177). 

s-CHLORO-BBOMO-ETHANE CH^Ol.CH^Br. 

Ethylene chloro-bromide. (108 '). S4J* ® 1'79 ; 

1-70. 

Formation.~l. From s-chloro-iodo-ethanw 
and Br (Henry, A. 150V14).— 2. From ethylene 
di-bromide and HgCl.^ (Montgdfier a. Girau4, BL 
[2] 33, 12).-3. From CH.^Cl.CHo.OH and Br at 
130® (Demole, B, 9, 566).— 4. From ethyl bro- 
Lmine by chlorination (Lescoeur, Bl. [2] 29, 484). 
” Preparation,—!, Bromine (600 g.) is dis- 
solved in 700 o.c. IICl mixed with 700 0.0. 
water, cooled with ice, and treated with chlorine 
as soon as the temperature!^ of the liquid has 
faHei^to 2®. The chlorine is passed in, with 
frequent shaking, until the colour of the bromine 
has disappeared. Ethylene is then passed in, 
and the oil washed, dried, and distilled. It 
boils al^07®-109®. If it boils at 109®-111® it 
contains ethylene bromide (M. Simpson, Pr. 27, 
119 ; J. W. James, J.pr. [2] 26, 380 ; 0. /. 43, 
87).— 2. OjH4Br, is gen(Jy warmed with SbGj, 
the produ^ poured into strong HCl, and the oil 
washed with very dilute NaOH> aild distilled 
(LOssner, J. pr, 121, 421 ; James, C. /. 85, 806). 

iteoefions.— 1. Acts upon boiling alooholte 
EONSfonmnffO,|l401(ONS).-2. AlooliolteSOH 
gives EBr and om0ro*ethylene. 



«.CIliloro.teomo.6t]iane CH,.CHClBr. Ethyli- 
d«He-chloro-br&inide. (82"*) (R.) ; (83® i. V.) (S.). 

ForrnoHon, — 1 . From bromo-ethylene and 
oono. HOlAq at 100° (Reboul, A. 156, 216). -2. 
By brominatinR ethyl chloride in sunlight (Stae- 
del, B. 11, 1739 ; Denzel, A. 196, 193).— 8. By 
dtlormating ethyl bromide (Leaooeur, Bl [ 2 ] 29, 
488).< - , 

Oil. Converted by alcoholic 
KOH into EBr and bromo-ethylene. Ag^O gives 
aldehyde. 

Chloro-di-bromo-ethane CH,.CBr.^Cl. (124° 
L V.). S.G. ^ 2*134. A product of bromination 
of ethyl chloride iirtunlight (Stuedol, B. 11 , 
1789 ; Denzel, A. 196, 196). Liquid. Convcctod 
by alcoholic KOH into CHatCClBr. 

Chloro-di-bromo^thane CHaBr.CHClBr. 
(168° i. V.). S.G. 2*268.* From chloro- 
ethylene and Br (Hugo Mailer, A. Suppl 3. 287). 
From chloro-bromo-iodo-ethane an^Br (Henry, 


CHLORO-BROMO-ETHANE, 


JBl [2] 42, 263). 

hght (S. ! D.). w«jL. Axwuuiiu Av/xji Kivt; 
CHjtCClBr.f With SbClj it gives Cn.Dr.CHCi... 

Chlor<^d£.brome-ethane CH^Cl.CHBr,. From 
crude chloro-bromo-iodo-ethari^ and Br (H.). 
Alcoholic KOH gives CH^iCBr. (80°) and 
CH,:CBrCl (63°). 

Chloro-tri-bromo-ethane CH..Br.CClBr 2 . ( 201 ° 
I V.) at 786 mm. S.G. 2*602. Formed by 
the action of bromine on CH,.CClBr„ on ethyl 
chloride, on CH.Br.CHBrCl, or on CH,:CClBr 
(S.; D.; 1 ^. Gives CHBr:CBrCl with alcoholic 
KOH. SbOl, forms CH^r.CCl,. 

Chloro-tetra-bromo-ethane CHBr 2 .CBrjCl. 
Chloro^aeetylene tetra^bromids, [83°]. (240°) 
at 786 mm. S.G. iS 3*300. From EtCl and Br 
in annlight ( 8 .; D.l. From ohloro-acetylene 


Also from EtC^^p^ Br in sun 
Oil. Alcoholic KOI! gives 


alcohol into ohloro*bromo-ethylene (g. 3 . 

Boiled 6 hours with alboholic KOAc it forma 
OHBr:COL [114°- 116°]. 

s-Di-ohloro-di-bromo-ethaneOHOlBr.CHOlBr. 
Acetylene di-chloro-di-btwnidf, (19(P-196-). 
From brominaand acetylene di-chloride; or ffbm 
chlorinfr and acetylene di-bromide (Sa.). Gives, 
zinc and l 8 oohol, acetylene dichloride (50°- 

lii-obTiorQ-di-bromo-ethane CHDr.CBrCT- 
(177°). S.G. ^ 2*270. Erom Cfi,.CHCl.. and 
Brin sunlight (S.; D.). 

Di-ohloro-tri-bromo-ethane CHBr,.GBrGI,. 
(215°-220°). From CH,.CHC4 an^ Br in sun- 
light (S. ; D.). 

Di-chloro-tetra-bromo-ethane OXlJBr, i.s. 
CBrg.CCljBr. [180°]. Colourless crystals. Pre- 
pared by the action of bromine on CH..Br.CCI.JBr 
((Denzel, B. 12, 2207). o 

Tri-chloro-bromo-ethane CCl,.CH.^r. (152°). 
S.G. ^ 1*884. Formed by heating tri-chlorof 
ethane CCI 3 .CH, with bromine at 160°; or by 
the action of SbClj on dtH^Br.CH^Br or 
CClBr^.CH,Br. Converted by alcoholic KOH 
into GCl./CHBr (115°) (Henry, G. B. 08, 370). 

Tri-chloro-di-bromo-ethane CHBr ,.CCI,. 
(200°). S.G. 2*317. From chloral and PCl.Br, 
(Paterno, J. 1871, 512 ; 0. 1 , 690). 

Tetra-chloro-di-bromo-ethane CClsBr.CCIDr. 
Bromide of per-chloro -ethylene. S.G. 21 2 - 3 . 
From CJ 1 CI 4 and Br in sunshine (Malaguti, A. Ch. 
[3] 16, 14). Tables (from &l(^ol). Begins to 
volatilise at 100 ° but decomposes at 200 ° into 
Brcnd C 3 CI 4 . 

Tetra-chloro-di-bromo-ethane CCa,.CClBr,. 
From penta-chloro-ethane and Br at 200° (Pa- 
terno, Q. 1, 693). Also from CHBr 3 .CHBr, and 
chlorine (Bourgoin, Bl [ 2 ] 23, 4). Prisms (from 


wd wilkjf. /. 203, 89 : iiro Yrim ^ ZZlt .^T ™ I®' L - 

clUoio4i.btomo-«thylene and Br (Mabery, ^m. ! like camphor. May be sub- 

«. 9S#). Pnngent cry^atals ; y. e. sol alcohol and ' n. decompoBcd by heat into chlonpe and 
ether* 18 . 2 * 

Ohlore-penta-bromo-ethane C-ClBr.. [170°!. -I CHLORO-BROMO-ETHEH vP CnLOBo-nnoiio- 

Prepared by the action of bromine on chloro- ] ®*'*'^**^^ oxide. ^ ** 

tribromo- and chloro-tetrabromo-ethane (Denzel ! 5 -CHLOR 6 -BROMO-ETHYLENE C,JH,ClBr j.e. 
B. 13, 3397 ). ' j CHCl:CHBr.xfcc<y/e7t«chld,*o-6row«fe.(82°). ^G. 

J^hloro-bromo-ethane CH,.CC13r. (99° i (P.) ; 1*779 (S.) ; «a 1*747 (S.). Bromine 

r' (2 f^ols.) is slowly added to acetylene chloro- 


i. \X S.G. M 1*762. Formed by brominating “ols.) is slowly added to acetylene chloro- 
dene chloride in sfinlight (S, ; D.). Liquid, under water. The liberated iodine is je- 

iW-ohIero-bro*e-ethaneCHCL.CH..Br. (138°). , by Na,S,0,> She yield is small (Plimp- 


liOO I. , jm\A an oaiiail UlUp- 

8 .G. 1*669. From CHClyCHjOH and PBra(Lacro, ^* ‘^* ^^3). Formed also by treating 

0, B. 104, 1180). From CHBrj.CH..Br (Henry, , CHCVCHBrj with zinc and alcohol (Sabanejeff, 
O.B. 97, 1491 ; i5f.[2] 42, 262), or CHCIBr.CHjBr *^* 216, 258). Liquid, does not polymerise. With 
and SbOl^ Convert^ by alcoholic KOH into i ®’^coholio IWH it gives off an explosive gas, pro- 
CH^CC4 I baWy CjHCl. 

Di-chloro-bremo-ethane CHClBr.Ci[.,Cl. (140° 
cor.). S.G.if 1*8886; 1*8542. M.M. 10*996 

at 31'6®. Formed, by gradually adding bromo- 
ethylene to chloroform through which a current 
of chlorine is passing (Perkin, C. J. 45 , 636). 

According to Lesoceur {BL [3] 29, 486) three 
iecunerie ^-^loro-bromo-etbanes are fbrmcd by 
chlorinating ethyl bromide, viz.: (IK (137°); 

RG.«l*88.-(3). (161°); aG. «i*998.-(3). (o[ 

160°); aG.asilS. . ' 

Bi^thloro-di-broice^thaiit CHClyCHBr^ 

Acetylene di-cMoro-di’brtmide, (196°-200°). 

S.G. 4* 3*891. From acetylene dibromide and 
8b01» in the cold (Sabanejeff, A, 316, 256). Also 
tom acetylene, Br (81 g.). aqi (120 g.of) aqueous 
HCIO. Beactum,^L dnDTcrted by Zn and 


uiy 

thloro-bromo-ethylene CHjtCXJlBr. (62°). 
From oMoro-ethyfene bronflde CH^r.CHClBr 
and KCy (Hugo Miller, C. J, 17, 420) or alco- 
holic KOH (Denzel, A. 195, 206 u. Demole a. 

J Durr, B.*l]icrii 0 O 2 ). Also frem cj^loro^romo- 
iodo-ethane (from CjH^Br and ICl) by alcoholic 
(Henry, gP/. [ 2 ] 42, 263).* Plingent odour, 
readily polymertos, becoming smid. Absorbs 
dry oxygen forming chloro-aooiyl bromide and 
bromo-acotyf chloride. ^ 

^ Chloro - di - brom%. ethylene CHBr;CBrC!l. 
(142°) at 786 mm. S.G. W 2*2f6 (B.). From 
chloro-tri-bromo-ethane CHjBr.draCl and aloo- 
holio KOH (Staedel, B. 11, 1740). Formed also 
by boiling <^loro-tri-bromo-propiipric acid with 
baryta-water (Mabery, Am. 6, 26^ Idgcid. 



Ohloro • tri - bromo - ethylene OjOlBr, 
CBrarOBrOl. [84®]. (2fl4f) at 730 mm. Pre- 
pared by the action of aloobolio EOH on chloro- 
tctra-bromcf-ethane (Denzel, B. 12 , 2208). 

pi-clRoro«broxilb-othylene CHBriCCla. [114®- 
116^. S.G. 1'900. Formed by-the action of 
alcoholic KOH on (IH^Br.CBrCla (Denzel,^. 195, 
206), or on CClvCHjBr (Henry, (S. R. 98, 370). 
Al^o from CHBrj^OHOlj* by ^ alcohol^ KOAo 
(Sabanejeflf, A. 216, 261). 

Di - ohloro - dl - bremo • ethyleiv CCljtOBr,. 
(o. 194® 7 ). Prewed by the action of alcoholic 
KOH on di - ohloro - tri - bromo - ethane 
CHB/.,.CBrClla (Staedel, B. 11, 1740). Also from 
CCl,.C01Brj by heating with aniline (Bourgoin, 
Bl [ 2 ] 24, Ilf). Solidifies below 0®. 

CHLOBO-DtraOMO.Bl-ETHYL OXIDE 
CHClBr.CHBr.OEt. (170®-180®). From ohloro- 
vinyl ethyl oiide and Ifr (Oodefroy, C. R> 102 , 
869). 

• Tri-ohloro-di-bromo-di-ethyl oxide 
CSjCljBraO U GOLBr.CClBr.OEt. [17®]. From 
tri-chloro-vinyl etnyl oxide and Br (Busch, B. 11, 
446). With AgOAo it gives CaCl,Br(OAo)a.OEt 
(180®-190°). 

Heza • ohloro - tetra • bromo - di - ethyl oxide 
O^CljBr.O. [90®]. Obtained by union of Br 
with chloroxethose C 4 HS 1 & substance formed 
by the action of alcoholic KjS on perchlorinated 
ether (Malaguti, A. Ch. [3] 16, 19). 

DI-CHLOBO.TElilA.BEOMO-FLXfOEEflCElN 
Ca^HACljBr^ Ur O.HiCJa(C; 0 ,)(C«HBraOH)aO. 
IH-chloro^eosm. Formed by brominating di- 
chloro-fluorcscein (from resorcin and di'Chl*o> 
phthalic anhydride). The alkaline solution has 
a bluer shade than that of eosin (Le Boyer, A. 
238, 358). 

Sslt.->Ci«H4K.ACy5r4. 

GHLOBO-BBOHOFOBM v. CnLORo-ni-BBOMO- 
UETHA^JE. , 

CHL0B0*1)I.BB0M0.H£XANE GSuClBr^ 
(219°). From bezonyl chloride and Br in COI 4 
(DeArem, A, Oh. [5] 27, 58). 

Chloro>b»tra«bromo>hexane G,kjClBr,. From 
Br and ohloro-diallyl (Henry, 0. R. 87, 171). 

CHLOBO.DI.BBOUO.HEXYL ALCOHOL 
G,HnClBr,0. ( 0 . 264®). S.G. ^ 1-99. From 
ohl^o-hezenyl aloohol (186®) and Br (Deatrem, 
A. Ch. [ 6 ] 27, 68 ). • 

CHLOBO-BBOKBTfDBIN «. OnLOBO-BBOuo- 
raoPYL ALcoHon. 

CHL0B0.BB0M0-HTDB0QBIN05E 

C 8 HgClBr(OH) 3 . [172®]. Formed by Saponifica- 
tion of its di-aoetyl-derivative produced by^he 
action of aoetyl (jromide on ohlbro-quinone 
(Schulz, B. 16, 666). Formed \Uo by tile action 
of cono. HBrAq on oUofo-quinone (Levy a. 
Sohultn A. 2t0, 160). Long nee^^ ^ol. alco- 
hol and ethir, lE sol. water. oxidation 
it gives ohloro-hromo-qninone [172®]. 

Bi-acetyi-a§r%vative QM^O\Br{OJLo)t 

[146°], Short needlea. Sol. aloohol and benzene. 

Bi-ohloro-di-bromo-hydroquixiona 
C.Cl^p,(Ol!), [6:2;6:8:4;1]. [238®]. Formed by 
reduction of w^oorresponding quinone by SnOl, 
gievy, B. 16, 1«7 ; 18, 2869; Krause, B. 12, 64; 
H^tsch, B. 20, 2279). Monoolinio orystals: 
2-976:1:2'76 ; B - 77® 2^. 


OHLOIIO-BROMO-3TFTHANB 
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Jii’aettyPd4rivat%v$ 

Br.(OAe),: C870<1 [Lny, A W, 8869). 


Tri<.chloro-bromo-bydroqTil]ioneO«Br01,(OH), 
[229®]. From tri-ohloro-bromo-quinone, PH, and 
phosphorus (Stenhouse, A. Su^l. 6 , 219). Also 
from tri-ohloro-quinone and cone. HBrAq (Levy 
a. Schultz, A. 210 , 161). Monoolinio needlea, 
a±c - 2-916:l:2-671 ; B - 77® 40'. Insol. water, 
sol. dilute alcohol. 

CHLOBO-BBOMO-HTDBOTHTMOQUIKONE 

0 ,Me( 0 jH,) 01 Br( 0 H )3 [8:6:2:5:4:1]. jjai] or 
[73®] (?). From chloro-thymoquinone ^ 
C«HMe(C,H,)Cl(OH )3 [3:6:2:4:1] and HBr; or 
from bromo-thymoquinone • 

C„HMe(C,H,)Br(OH), [3:6:2:6:1] [45®] and HCl. 
Obtained also by redumng ohloro- btomo-thymo- 
qninone [87°] with hydroxylamine (Schuiter, B, 
20,dl318). Needles. 

Chloro-bromo-hydrothymoqainone 
C,Me(CJEI,)GlBr(gH), [3:6:6:2;4:1]. [ 66 <^. 

Formed by reducing ohloro-bromo-thymoquit 
none [78°] with hydroxylamine (S.). 

CHL0B%. BBOUO - HYDBOXOLBOBIKONE 
C„B(^eClBr( 4 l() 2 . [123°] (anhy.). Formed by 
the action of HBr upon ohloro-toluquinone. 
Crystals (containing aq). V. sol. Alcohol and 
ether, m. sol. water and ligrWn, si. sol. benzene 
and chloroform jfeohniter, B. 20, 2286). 

Chloro-bromo-hydrotoluquinone 
C„HMeClBr(OH).^. [121°] (anhy.). Formed by 
the action of HCl upon bromo-toluqoinone. 
Long needles, containing aq (from hot water). 
Begins to sublime at 105® (Sohniter, B. 20, 
2287). 

CHLOBO - BBOMO • lOBO - ACBYLIC ACID 
0 aClBrI.C 054 H. [116®]. Formed by heating 
bromo-propiolio acid with an ethere^ solution 
of 10! (Mabery a. Lloyd, Am. 4, 96 ; P. Am. A, 
17, 99). Monoclinic prisms (from water) melt- 
ing at 110 ® ; but at 116° when crystallised from 
eSat may be sublimed. — AgA'. — CaA'a aq : 
branching needles.— BaA', 3^aq : prisms; S. 
26-4 at 20®. 

Chloro-bromo-iodo-acrylio acid G,HClBrlO- 
[129®]. Glistening colourless plates. V. sol, 
water, alcohol, and ether. Formed by the action 
of a chloroform solution of GlBr upon iodo-pro- 
piolio acid (Stolz, B. 19, 639). * 

CHLORO-BBOMO-IODO-BTHAKE GaH,ClBrL 
(194® J. S.G. fi 2 '63. SJowly formed by union 
of IGl with bromo-ethylene in the cold (Maxwell 
Simpson, A, 136, 142; Henrjl^ C. 22. 98, ^). 
Oil. Converted by alcoholic KOH into KCl 
(Spts.), KI (1 pt.), bromo-iodo-ethylene CHa-'CErl, 
and ohloro-bromo-etbylone CH,:CClBr. Henoe 
the ohlorO'bromO'iodo-e4hane must be a mixture 
of isomerides. 

CHL0£O-£B0MO-IOD0-P]^FANE 
CjHjClBrl. 8 .G, *2'325. ^m ohloro-iodo- 
propyl Aloohol and PBr, (Henry, B. 4, 709 ; q/L 
8,361). Oil. 

« BI-CHLOBO-BBOMO-XEBITYLEirS 

0,H,BrC4t.«.0,H,Br(CH,)(CH,Cl),. [76<;]. From 
bromo-diai''Oxy-mesitylene by beating with oono. 
HClAq (Colson, A. Ch. [ 6 ] 6 , 101). BeadBy 
gives off HCl iif the air. 

I CHLOBO . BBOMO • MBTHAKB OHadBr. 
(68®). 8.0.*i5 1-991. V.D. 4*48. Formed by 
the action of exoesi of bromine on OBaOtt 
|Hwy, C. 22. 101, 599). Oil; not deoompoied 

^ Chloro^-bromolnethane GHdBrr OhiOra* 
biw mq lbm. (Ur)it780miii.(Ii.t.J.)» (lii®)P 
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Cm^OTO-BKOMO-METHANE. 


( J. a. N.). S.G. ^ 2-445. V.D. 7-37 (for 7-22). 
Oconri in crude bromine (Dyson, O. J. 43, 36). 
Formed by boiling di-chloro-tetra bromo-acetone 
GGlBr,.CO.OGlBr, with baryta-water. Prepared 
also by the action of NaOH on ohloro-di-bromo* 
acetic aldehyde (Jacobsen a. Neumoister, B. 15, 
601). Colourless liquid, of sweetish odour (Levy 
a. Jedli£ka, B. 20, 2319). < 

Bl.^loro-bronio-methane CHCl3Br.r (92®). 
8.G. 141*9264. Bromochloroform. Colourless 
fiquid. Prepared by the action of NaOH on di- 
•chloro-bromo-acctic aldehyde (Jacobsen a. Neu- 
meister, S. 15, 601). 

Tri-ehlofo-bromp-mepiane CBrCl,. (104°). 
S.G. « 2*0660 (Thorpe. C. J. 37. 203). C.E. 
(0®-10°) -001089; (0°-100°) 0012065. <,S.V. 
108-43. 

Formatton,--!. By heatino CCl,.SOaBr with 
alcohol at 100® (Loew, Z. 1869, 624).— 2. By 
bromination of chloroform (Paterno, G. 1, 593 ; 
Friedel a. Silva, Bl [2] 17, eaS).-^^. By action 
of bromine on potassio tri-chloiipixetate at 120® 
(van ’t Hoff, B. 10, 678). 

Properl'ics. — Liquid, smelling like carbon 
tetrachloride. 

CHLOEO-BROMO-METHAIiE SBLPHONIC 
ACID. Barium salt (CHGlBr.SOj)aBa. From 
chloro-sulpho- acetate of barium and bromine 
(Andreasch, M. 7, 170). Satiny plates. 

CHLOBO - BBOMO - METHYL • ETHYL • OLY- 
OXALINE O^jClBrN, i.e. C,ClBr(CH,)(C,HJN,. 
Chloro-bromo’oxal ethyline. From chloro- 
methyl-ethyl glyoxaline by treatment with Br in 
CS, followed by boiling water (Wallach, A, 214, 
290; B. 10, 1193). Oil with narcotic odour. 
Solidifies with difficulty. SI. sol. water Not 
volatile. With Br it forma OaH^ClBrNjBrjHBr. 

Salts.— BUCl ; pri8m8.-(B'HCl),PtCl4.— 
B'^NO,. 

CHLOBO-BBOMO^NAFHTHALEKE 
C„H,ClBr [1:4]. [116^. From (a) -naphthyl- 
amine P'Bulphonio acid by conversion into 
bromo-naphthalene sulphonio acid, and treat- 
ment of tile latter with PCI* (C14ve, Bl. [2] 20, 
540). 

ChlcTO-bromo-naphthalene 0,*H,ClBr. [119°]. 
Formed, together with the following, by the ac- 
tion of Br (1 mol.) on (o)-chloro-naphthaleno 
(1 mol.), or of Cl on (a)-bromo-naphth.’ilene 
(Cftiareschi a. iBginelli, G. 16, 152 ; C. 0. 1887, 
518). Thin plates. Oxidised by CrO, to ohloro- 
phthalio acid [184°]. Possibly identical with 
the preceding. . 

Ohloro-bromo-naphthalene C,oHeClBr. [67^]. 
(803® uncor.). Prepared as above. Needles (by 
sublimation). CrO, in acetic acid gives chloro- 
bromo-nophtho4hinone [167®] ond chloro-bromo- 
phthalide. , 

Di - oUoro - bromo • naphthalene Gi^TGljBr. 


[80®]. From di-ohl4ro-naphthalene [38®J aqd 
Br in the cold (Laurent). Slender needles. 

The following ohloro-bromo-naph^alenas de- 
scribed by Laurent {A. Ch. 49, 218 ; 62, 275) are 
insufficiently characterised; OjoH^Cl^r, (two), 
OACyJr (three>,^d C,*H,a,Br, (two). 

The following compounds arc probably mi*- 
tures ormoleoular compounds; (a) G2oH«Gl4Bra. 
[76®]. From di-chloro-nwhthalcne [38°] and Br 
followed by alcoholio KOH (Faust a. Saame, 
A. 160, 69). Needles ^om ether-alcohol). 
(6) Gj^H^Cl^Br,. [78®]. I^om di-ohloro-naph- 


thalene [68®] by successive treatment with B; 
and alcoholic KOH (F.«. &.). 

CHLOBO-BBOMO-NAFHTHALENE TETBAc 
BROMIDE G,oH*Offir*. [110®]. Feom ohloro- 
naphthalene and Br (Laj^ent). rjTriolini^ 
columns. 

CmA)TL0^~ Dl - BROMO • KAFHTHALEHl 


TETBA-OHLORIDE G^HjOlEfrjGl*. [150®]. From 
di-bromo-naphthaleqiB tetra-ohloride and ohlo^ 
rine. Triolinio columns, si. sol. ether. 

CHLOBO-BBOMO-NAF^^THOQffriNONE 
GjoHiOlBrOj. [167®]. From ohloro-bromo-naph- 
thalene [67®] by GrO, in HOA«(Guaresohi, 0. Oc 
1887, 618). * 

CHLOBO-BBOMO-NITBO-ANILIKE > 
C*H.GlBrN,02 i.e. G,H2ClBr(N02)(Nm 14:6:2:1]. 
[106®]. From chloro-nitro-dhilme m HOlAq 
by bromine-vapour (Edmer, J. 1875, 852 ; 0, 4, 
<i805). Orange-yellow ij^edles. 

CHLOBO-BBOMO-NITRO-BENZENE 
G4H,ClBr(N02) [1:3:6]. [82-5®]. From the pre- 
ceding by diazo- reaction (EOmer, O. 4, 877). 
Laminio. ^ 

Chloro-bromo-nitro-bensene 0,H3ClBr(N02) 
[1:4:2]. [69°]. From p-chloro-bromo-bonzone 
and HNOs (K.). 

Chloro-bromo-nitro-bonzene GaHyClBr(NO,) 
[1:3:4]. [49*6®]. From ohloro-nitro-aniline [123®] 
by displacing NH, by Br (K.). With alcoholio 
NH, at 160° it regenerates the ohloro-nitro- 
aniline. 


TBI-CHLOBO-DI-BBOMOaVITBO-ETHANE 

GCl2Br.CClBr(NO,). From CCl/.CG^NO,) and 
Br at 160°. Crystalline (Hoch, J. vr. [2] 6, 96). 

CHLOBO-BBOMO-DI-NITBO-METH^ 
CCl£r(NO,)2. Formed by passing chlorine into 
an aqueous solution of potassio -bromo -di- 
nitro-methane CKBr(N03) (Losanitsch, B. 17, 
848). Oil. V. sol. alcohol, insol. water. By 
caustio alkalis the Br atom is displaced by a 
metallic atom. • 

Chloro-di-bromo-nitro-methane CICLBr2(NO,). 
S.G. 2*421. Formcill by sinJultaneous action 
of bromine and potash on CClH2(NOj[) (Tsoher- 
niak, B. 8, SlO). An oil, insol. {^tash, volatile 
with steam. ® 

CHLOBO-BBOMO-NITRO-FHENOL 
C*H2ClBr(N02)0H [4:2:6:!]. [126°]. From 

(4,6,l)-chloro-nitro-ph6nol [87°] and Br in UP Aft 
m the cold (Ling, OC J. 61, 787). Converted by 
Br and water at 100® into tetra-brenno-quinone. 
C^H^ClBrNOjK ; dark red needles.— BaA', aq,— 
GaA', 2^aq. 

Chlord-bromo-nitro-phenol G,H3GlBr(N02)0H 
[1^4:0:1]. [120®]. Formed by boiling (4,6,1)- 
cmoro-nitro-phenol [87®] with Br and HOAc, an 
isomcrit ohangeAaking plifbe (L.). Formed also 
by chlorinating^4,6»l)»bromo-nitro-phenol [88®]. 
When heated with Br and water 4$ gives ohloro- 


tri-broiflo-qaiffbne.— C*H,ClBrNO^E; : 
— CaA17eq. 

-tbi-d: 


l plates. 


ilELOBO - MO - Dla MtOMO - eto - DI. 
NITBO.DI-FHEHYL-ETaANE * 
CCl,.CH(C^r.NOj2. 

[170®]. From 001,.CH(C*H4Br)a^d fuming 
HNO, (Zeidler, 7, 1180). f^edles (from 
alcohol). ^ 

CHIOBO - BBOMO - DI - 0XE.(a)-EAPHTE0. 
QDIHOKE DIHTDBIDE G„H,ClfirO, U. 

C .C(OH)j A 

1 . [105®]. bromo-oiy* 

.GCOBr 



OHLORO-BTIOMO-PROPANE. 
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'a)-naphthoquinone and 01 in HOAo. Needles. 
Oxidation gives a body [f41°j (Zinokea. Garland, 
B. 30, 8216). 

m . CHLOEO • BI . BBOMO • TETBA ■ OXY- 
UPHElWri <l-HClBr(0H)3.0,HClBr(0H),. 
261^]. From di-ohloro-tri-bron^reaoroin by 
lucoessive treatment with NaH^, and with 
in and HCl (Benedikt, JI4 4, 227)» 
OHLOBO.BROMO-l)I.OXT.aVINONE 
Jj‘01Br(0H)2Qa [6:3;6:2:4:1] (Hantzsch d! Schni- 
er, B. 20, ll!l79). From m-divohloro-m-di- 
Tomo-quinone ^d aqueous KOH (Krause, B. 
2, 64) or tri-omoro-bromo-quinone (Levy, A. 
•^10, 168; J5.n6, 1444 ; B. 18, 2370). Bed leaflets 
(oonfaining aq) ; may be sublimed— K2A"2aq.— 
Na2A"2aq.— Ag2^. 

CHIOBO.BI-KROMO-OXY.VALERIO acid 
CjHjOlBroO,. [169°], Prepared by the addition 
of Br to ohloro-oxy-angelio acid fPinner a. Klein, 

B. 11, 1497). Sol. ether, insol. oenzene. 

• CHLOBO-DI-BEOMa-PENTANE O^HjClBr,. 
From isoprene ^droohloride 0jH,H01 and Br 
(Bouchardat, O.K. 89, 1217). 

Bi-ohloro-di-bromo>pentane 
CHj.CHBr.OBrCl.CHCl.CH,. (o. 143°) at 31 mm. 
From di-ohloro-amylene CH,.CH;CC1.CHC1.CH, 
and bromine (Thurnlackh, A. 223, 161). 

Di - ohloro - di - bromo - pentane CsHgCI^Brj. 
(230°-240°). From di-ohloro-amylene (146°) 
and Br (Pinner, A. 179, 86). 

BI-CHLOBO-BBOMO-FHENOL 
0,H,Cl,Br(0H). ^68°J. (268°) (Garzino, C. G. 
1887, 1546). From (4,2,l)-di-chloro-phenol and 
Br.. Tri^ehloro•hromo -vhenol CjHCl.,Br((^). 
Bromine converts tri-ohloro-phenol [67°] into 
CjHjCljBrO [99°]. This is perhaps C8H2Cl,(OBr) ; 
it is converted, by heating under water, into 
an isoraeride, which is probably 08HCl,Br(0H) 
(Benedikt, M. 4, 236). 

TBI . CHLOBO . DI - BBOMO - DI - PHENYL- 
ETHANE CClj.CH(C.'b,Br)2. [141°]. From 
bromo-bonzene •(! pt.),^ chloral (2 pts.), and 
HjSO* (Zeidler, R 7, 1180). Silky needles. 

Bi-chloro-dl-bromo-di-phenyl-^hylene 
CClj:0(04ll,Br),. [12J°]. Formed by the action 
of alcoholic KOH upon the preceding body 
(Zeidler, B. 7, 1180). Needles (from alcohol). 

j8 - CHLOBO . a - BBOMO - $ -PHEN YL-PBOPI- 
OMC ACID OACHClCHBr.CO^. [182°]. From 
o-bromo-B-oxy-j8-phenyl-^opionio acid and oono. 
HClAq at 100° (Glaser, A. 147, 92). Monoclinio 
tables (from chloroform). Boiling water forms 
HCl and bromo-oxy-phenyl-propionio acid, to- 
gether with a little phenyl-acetic alclehyde and 
*>- bromo- styrene. ^ 

O'Chloro - 8 - broqiio - 3 - phenyl • propionic aeid 

C, Hj.CHBr.GHCl.CO,H. [isaj], Fronf a-chloro- 

fl-oxy-B-phenyl-propionip acid and oono. HBrAq 
at60°fG.). ^onochnic tables ( fjom chloroform). 
Boiling watit giVbs w-chloro-sty?We and a little 
ohloro-oxy-plmnvl.propionio acid, and phenyl- 
acetic aldehyie. • 

a-Ohloro-ad-di-bromo-jS-phenyl-propionioacid 
CjHj.CHBr.CBrCl.COjH. [186°]. l^om a-chloro- 
fl-phenyl-jftopionio acid and Br (Forrer, B. 16, 
855). Tablds Hrom wates). 
OHLOBO-raOMO-PHTHALIDE 


C,H,01Br<^>0. [179°]. Formed by oxi 

Nation of chliro-bromo-naphthalcnc [67°] witl 
CrOj (Gaareichi, B. 19, 1164). 

Voi,. IJ. 


CHLOBO- BBOMO- FICBIH v. Chloro-di- 

BROMO-NITRO-MBTHANE. 

a>-CHL0B0-a-BB0M0-PB0PANE C,H.ClBr i.e. 
CH,.CHBr.CH2Cl. Propylem chloro -bromide. 
(120°). Formed in small quantity, together with 
CH2Br.CH2.CH„Cl by treating allyl chloride with 
fuming HBr (Beboul, A. Ch. [6] 14, 487). Con- 
verted alcoholic KOH into HCl and bromo- 
propylege. ^ 

o-Chloro-fl»-bromo-propane CH,.CH0!rtJH,Br. 
(120°). S.G. 2 1686. V.D. 6-62 (calc. 6-46). 
From propylene bromide by boiling with HgCl, 
(Friedel a. Silva, Bl. pj 17, 632). Alcoholic 
KOH converts it into ohloro-propylooo (25°-30°). 

Chloro- bromo -prop'kiK; y/jHjClBr. (119°). 
Frqm ClBr and C,Hj (Maxwell Simpson, Pr. 27, 
11^. Probably a mixture of the two preceding 
bodies. 

a>-ChIoro-3-br6nio-propaneCH2Br.CH2.CE[tCl. 
Tri-methylene chloro-brmnidc. (142°). S.G.21’63. 
From tri-n^thylene bromide and HgClj. It is 
alscLthe chief ^oduct of the union of Mr with 
ally! chloride (Beboul). Boiling alcoholic KOH 
gives ethyl-allyl oxide. ^ 

o-Chloro - a - bromo - propane CHj.CClBr.CH,. 
Acetone chloro-hromide. (c. 95°). S.G. ^ 1’474. 
From a-chloro-propylene CHj.CChCHj and cold 
cone. HBrAq (Beboul, A. Gh. [6] 14, 482). Alco- 
holic KOH gives a-ohloro-propylene and allylene. 

ft>-Chloro-w-bromo-propane CHj.CH.^.CHClBr. 
(Ill °). S.G. 1’69. From w-chloro -propylene 
CHj.CHtCHCl and HBr (B.). Alcoholic KOH 
gives CHs.OHtOHCl. 

Chloro-di-bromo-propane CjHjClBrj. (198°). 
From allyl bromide and ClBr. They unite slowly 
in the cold (Maxwell Simpson, Pr. 27, 119). 

M-Ohloro-a)a-di-bromo-propane 
CHj.CHBr.CHClBr (177° cor.). From 
CHj.CHiCHCl and Br (Beboul, Bl [2] 26, 278). 

a-Chloro-«a-di-bromo-propane 
CHj.CClBr.CHoBr. (170°). S.G. 2 2-064 (Friedel, 
A. 112, 237). From CHj.CChCHj and Br (F. a. S. ; 
K.). With alcoholic KOH it gives CjHjClBr 
and ethyl-propargyl oxide CHIO.CHjO.Et (Oppen- 
heim, A. Suppl. 6, 372). ,, 

«-Chloro-o3-<Ji-bromo-propane 
CH^Br.OHBr.CHjCl. (195°) (0.); (203°) (B.). 
S.G. « 2-085 (R.). From allyl chloride and Br 
• 0 “5 

(0.), Also from epiohlorhydrin /\ 

and PBr, or PClgBr^ (Beboul, A. Suppl 1, 230; 
Darmstadter, A. 162, 320). Solid KOH gives 
CHjtOBr.OHjCl. Alcoholic KOH gives rise to 
CH:O.CHj.OEt. 

a-Chloro-w3-di-bromo-propane 
CH,B«CHCl.CH.,Br. (200°). From glycerin 
dibromhydrin and PClg (Berthelot a. de Luca,<L 
*pr, 72, 317). ’ 

Chloro-tri-bromo-propane OjH^ClBr,. (288°), 
S.G. i4^-39. From ohloro -bromo- propylene 
(from glyoide) and Br (Beboul, A. Suppl 1, 231). 
Di-ohloro-bromo-propime CjHgCLBr. (180°- 
< 187°). Frgm allyl bromrae and ClBr at 100° 
(M. Simpson, Pr. 27, 119). ^ 

wB-Di-ohloro^bromo-propane 
GH,0lCHBr.0H,01. (176°). Froms-dichlorhy* 
drin and PBr, (BeRthalot de Luca, J.pr, 17, 
8lt). 
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CHIX)IlO-nRD.AIO.pnoPANE. 


am-Dioehloro-jS-bromo-propase 

CHjaCH01.0H^r.FromCHaCl.CH(OH).CH^r 

Di-oWoro-bromo-propane CaH^OlaBr. (156®- 
160®). Prom bromo-propylene and chlorine 
(Linriemann, A, 138, 123). 

wa-Di'Ohloro-ajS.^-bromo-propane 
CHaCl.CClBr.CH^Br. (205®). S.G.2 2-161 From 
CHaClXChCHj and Br (Friedel a. Silva, jB- 74, 
806 ; 75^31; Bl [2] 17, 386). 

(tfj3-l)i-ohloro-aj3-di-bromo-propane 
QR,Cl.CHBr.CHClBr. (221°) (F. a. S.); (212°) 
(Hartenatein, J. pr. [2] 7, 313). S.G. 9 219 (F. 
a. S.) ; IL* 2-083 (H.). From CHjCl.CH:CHCl 
and Br (B. ; F. a. S. ^ &).*■ 

ctfa-Di-ohloro^a.di-bromo-propane 
CHa.CClBr.CHClBr. (189®). From allylene^i- 
chloride and Br (F. a. S. ; Pinner, A. 179, 44). 
Alcoholic KOH gives C,H,ClJ3i»(148®). 

Di-ohloro-tri-bromo- propane CjHjCljBr,. 
[207®]. From di-chloro-bromo-prop^ene (1*43°) j 
and Br (P.). Alcoholic KOH re-eoB^rta it into 
C^jCl^r. ^ 

/3-CHLOIM-a.BBOMO.PROFIONIC ACID 
CHjCLCHBrXO^. [37®]. (c. 213°). Formed 
by the action of HNO, on theeproduct of the 
union of BrOH with allyl chloride (Henry, B. 7, 
767). 

c(-Chloro*/3-bromo-propionio acid 
CH2Br.CHOl.CO5H. [37°]. (c. 21.3°). Formed 
similarly by oxidising the product of the union 
of ClOH with allyl bromide (H.). 

Chloro'tri-bromo-propionio acid 
OjHClBr,.COjH. [103°]. From chloro-bromo- 
acrylic acid [70®] and Br (1 mol.) by heating for 
2 hours at 100® ; the yield is 70 p.c. (Mabe^y a. 
Weber, Am. 4, 104; 6, 256; P. Am. A. 17, 106). 
Triolinio prisms (from CS,) ; v. sol. alcohol and 
ether. Boiling bar^-water forms CjHClBrj; 
cold baryta-water gives chloro-di-bromo-acrylio 
acid.— KA'aq.— CaAV— BaA'.5 : S. 23 at 20®. 

Di-ohloro^'bromo-propionio acid 
C}HCl5Br2.CO,H. [96®], Prepared by the com- 
bination of di-chloro-acrylio acid [86®] by heat- 
ing with bromine at 100® for several hours (Hill 
a.MaberypP. Aw. A. 17,140; Am. 4,267; B. 14, 
1679). Triclinic prisms, a:6:c-1023:l:1052 ; 
a » 91® ; /3 - 76® 31' ; 7 = 108® 62'. V. sol. water, 
alcohol, and ether, m. soC. CS, or benzene. 

^Its.— A'Ag^ flat nee^es.— A'jBa : long 
easily soluble needles. 

ajS-Di-ohloro-iSfl-di-bromo-propionio acid 
OClBr2.CHCl.CO2H. [100®]. Prepared by passing 
chlorine into di-bromo-acrylic acid at 100® ; the** 
yield is 96 p.c, (Mabery a.^icholson, Am. 6, 166 ; 
c/. Am. 4, 270; P, Am. A. 17, 140; B. 14, 1680). ! 
Monoclinio prismsi v. e. sol. ether and alcohol, 
sol. hot CHCl, and CSj, si. sol. water. . 
Salts.— CaAsl^aq.— KA'2aq. * 

Tri*ehloro-bromo<prqpionic acid 
0^01,Br.G02H. [84®]. Prepared by passing ' 

cMorine into a cold chloroform solution of 
chloro-bromo-aorylio acid in sunlight. The 
yield is 90 p.c. (Mabery, Aw. 9,A). Trimetric 
prisms ; si. sol. watcL sol. ether, alcohol, and 
CHClg. Its salts aie unstable. — KA''2aq: tri- 
metric plates.— CaA's : oblique prisms.— BaA', : 
gummy. 

Tatra-chloro-bromo-propionio acid 
CBr(^.CCl2.CO,H. [226®]. ftpepared by passing 
ohlotine into a solutiotn of bromo-propicuio acid 


in chloroform, till the product orystalUses out 
(Mabery, Awt. 6, 166). 81. sol. CS, and ohloro- 
form. Its salts are unstable. 

a.GHLORO-O-BBOMO.PBOPTL AlCOHOL 
C,n,ClBrOi.e.CH5Br.CHCl.CHijOH. (19V). 8.0. 
9 1-704. From allyl bromide and HOCl (Heitty, 
B. 7, 409, 75Sf}. Oxidation gives ohloro-bromo- 
propionic acid supre^. ® 
6-Chloro<(-bromo-|^opyl alcohol 
CHjCl.CHBr.CHaOH. (197®). S.G. U 1-769. 
From allyl chloride and HPBr (Hi). Oxidised 
by HNOj to cnloro-bromo-propionio acid [37°!, 
(216 ). •• 
Nitrate CH5(NO,).CHBr.0H2OH. From 
the alcohol, HNO, and HjSO,. Oil. 

ai-chloro-a^-bromo-isopropyl alcohol 
CH2Br.CH(OH).CH2Cl. Chlfro ■%romhydrin. 
(197°). S.G. ^3 1*740. From epichlorhydrin and 
HBr, or from epibromhydrin and HCl (Ileboul, 
A. Suppl. 1, 226). Cone. KOH splits it up into 
HBr and epichlorhydrin. Oxidation gives chloro*-' 
bromo-acetone [35®] (Theegarten, B. 6, 1212), 
Also from epichlorliydrin and ‘Br at 100® (Gri- 
maux a. Adam, Bl. [2] 33, 257). 

Ethyl ether (^n.ClBr.OEt. (187®). From 

epichlorhydrin CEI^H.CHaCl and EtBr at 200® 
(Iteboul a. Lourenpo, A. 119, 238). 

CHLOBO-BROMO-PBOPYL.BENZENE * v. 

ClILORO-DaOMO-CUMKNK. 

CHL0R0-BR0M0.PB0PY5.MfE C,H,ClBr i.e. 
CILrCCl.CH^ir. (121°). From a-ohloro-aUy) 
alcohol and PBr, (Henry, C. B. 96, 849). 

Chloro-bromo-propylene CHBrrCH.CHjCl. 
(120®). S.G. 1G3. P’rom /8-bromo-allyl aico* 
hoi and PCI, (Henry, B. 6, 453). 

Chloro - bromo - propylene CHjtCBr.CH-Cl. 
(127®) (R.); (120°) (H.). S.G. ^ 1-69 (R.). From 
CH^Br.CHBr.OH.Cl and solid KOH (Reboul, A. 
Sitppl. 1, 230; Oppenbefm, A. Swnpl. 6,®374). 
From 6-bromo-allyl alcohol and |*C1, (H.). 

Chloro-bromo-propyldne CH,.CCl:CHBr c(?) 
(106®). From GHj.CClBr.CHjBr and alcoholic 
KOH (Friedel,® A. 112, 237). • 

Di-chloro-bromo-propyltno CH,.CCl:CClBr(?) 
(143®). From allylene di-chloro-di -bromide and 
alcoholic KOH (Pinner, A. 179, 46). Br gives 
C^H^Cl^Br, [207®]. 

CHLORO-BBOMO-Q<iJINONE C^HjClBrOj 
[172^]. Formed by oxidation of ohloro-bromo- 
hydroquinone (Schulz, B. 16, 656). 

w-Di-chloro-w-di-bromo-quinone 0,01-Br,0, 
[6:2:5:3:4:17. [233®]. 

&n7nation.—l. Formed by the action of Br 
on dr-ohloro-phenylene di-imide (from bleaching- 
powder arfdjp-phewleno-diaiiiine hydrochloride) 
(Krause, B. 12, 68|;— g. By brominationof w-di- 
chloro-quinone^I^Cljdj [6:2:4:1] (Fevy,^. 16, 
^1447). — 8.*By4fTOainationofp-4i-ohoro-quinone 
C^HCljOj [6:3;4:1] (Levy, B. 18, 2867) ; in this 
case one of tbo Cl atoms murfi iftdergo trans- 
position from the p to the w-jMsition.— 4. From 
hydroquinone, cone. HCl and Br (Benediht. M. 
.1,347). * 0 

‘ Properties.— yLono^inio golden-brown tables : 

a:6:c« 1-446:1:8*0286 ; 6 - 74® 81«(Xi.). SI. sol. 
ether and olcohoh insol. water. * 

Reactions. — It is very readily reduced bY 
hydroxylamine hydrochloride to tks correspond* 
ing hydroquinone [234®], whose aoet^l derivatito 



neltf at [270°] (Hanizsoh a. ScHliter, B. 20, 
B279). By boiling witU aqueous alkalis it is 
Converted into a ebloro-bromo-di-oxy-quinone 
C,OlBr(OH)jO,. 

Tri-^loro.bromo-quinone 0,01, BrO^. From 
tri^hloro-quinonl and Br at 130“ (Stenhouse, 
A, Buppl 6, 2l9). Also from tri-fhloro^romo- 
hydroquinone andpconc. HNO, (I^vy a. feultz, 
A. 210, 162). Golden ^nonoclmio pyramids ; 
atbx ^ 1*48:1:2'95 ; 0 ~ 74^ 41'. Sub^mes at 
160“. Dilutt KOH gives chloro-bromo-di-oxy. 
quinone. • 

CHbOBO-DI-BBOMO-BESOBCIN 
OfHBrjC^O^),. [106“]. Got by adding excess 
of bwmine water to a solution of ohloro-resorcin 
at 80“. Orystallises from water in silky needles 
(G. Reinhardt J.f)r. [2] 17, 325). 

Chloro-li-bromo-resoroin 0 HRr ni/nH) 
[86°J. From 0,HBr,CllpCl)(0Br) and NallSO, 
(Benedikt, M. 4, 227). 

Di-chloro-bromo-resorcin C,HBrCl2(OH),. 
[100“]. From Br and di-ohloro-rcsorcin. Silky 
needles (from water) (R.). 

Di-chloro-tri-bromo-resoroin CgHCl^BrjO., i.c. 
0,ELBr2Cl(OCl)(OBr)(?) Formed by adding Br 
(216 g.) dissolved in cone. HClAq (1,000 c.c.) to 
a solution of resorcin (60 g.) in water (2,000 o. o.) 
(B.). Yellow crystals. At 175“ it gives crystal- 
line C,2B[-^Cl,Br,p^ which is reduced by tin and 
HCl to di-chloro-di-bromo-tetra-oxy.diphenyl. 

Tri-chloro-di-bromo-resorcin 0,HCl,(OBr),. 
[100“]. Prepare4bf adding Br to tri-ohloro-re- 
sorcin suspended in dilute HCl (B.). Small 
golden crystals. Gives off Br (1 mol.) on heat- 
ing: Reduced by tin and HCl to tri-chlBro- 
resorcin. 

HEXA.BR0M0.TRI.CH10B0.DI.THIENYL- 
pHANE CCl,.CH(0,Br,S),. [176“]. Formed 
by bromination of di-thienyl-tri-chloro-ethane 
(Peter, B. 17, 1343). White crystalline powder. 
V. sok ether and chlaroform, si. sol. alcohol. 
Does not give the indophenine reaction. 

RHLORO-BIrtlMO-TH-yMOQIJINONE 
C.MePrClBrO, tl;4:6:2:8:G]. ^78“]. Formed 

by bromijiation of wi - chloro - Ihymoquinoiie 
CgnMe^r^lOj[l;4:6:3e6]. Yellowplates (Schniter, 

Chloro-bromo-thyxnoquinone C,MePrClBrO, 
[1:4:2;5:3:6]. p-Chloro- benzyl bromide. [87“]. 
Faction. —1. By oxidatfcn of the corresponding 
hydroquiMne with Fe,Cl„— 2. By bromination of 
o-chIoro-thyrao.quinoneC,HMePrC10,[l:4:2:3:6]. 

Golden-yellow plates (Schniter, B. 20, 1318). 

, P;pHL0B0.ft,.BB0M0-T0LI7ENE * C,HXlBr 
t.6. C,H^Cl.CH,Br. [48*6°] (226“-230°). Erom 
1 inm (Jackson a. Field^77i. 

, 102). White needles (from ^cohol) ;• aromatic 
odour ; volatile in the • 

w-Oklon^-bromo-tolneae CgH.Br.QH-Cl. 6- 

Brorno-benm chhridc. Obtained; i^d with 
quantity of 0,H,Br.CH,Br. by 
brommatmg fcnzyl chloride (ErrAa, 0. 17, 193). 
x^aUEt converts it into 0,H,Br.C^.OEt (243“). 

C,H,CtBr. (280“- 

290 ) (Jaefspn a. Field, B. 11, 906). ' 

n tS^?55:®*OMO-TOltrauiHOBB 

[111®]* Prom thehydroqulnone 
oxidation. Thick needles. V, lol 
ira^' /H ^ chloroform ; soared lol. 
»ater (Bohnitdr, H, 20. 2287). 


CmiORO-BOTANE. 


^loro-bromo-toluquinone C.HMeClBrO,. 
.0 ]. From the hydroquinone, [121°], by oxi- 
ition. Glistening yellow plates (from alcohol) 

(Schniter, J5. 20, 2287). ' 

“ BBOMO . DI - TOLYL - 

[148“J. From tri-ohloro- 
yl-ethono and Br in CS, (0. Fischer, B. 7, 
1191). 

DI-OTLORO-BROMO- VINYL-BENZOIC ACID 

C,H,Cl,'BrO, i.e. CClBr:CCl.C,H,.CO,H^74'’]. 

From C,H,<ggj^^>CClBrand alcoholic NaOH 

diluted with water (Zincke a. FrOhlioh, B. 2(f, 
^066). Needles. 

Methyl ether Me^. .[82“].* 
GHIOBO-BUTANE v. B#tyl chloridb. 
•‘a-Di-chloro.butaaeCH3.CCL.CH-.CIL. (96“). 
From methyl ethyl ketone and POL (Bruylants, 
B. 8, 412). Dry KOH gives CH;C.CH^.CH,. Al- 
CHj.ClC.CH, (Favorsky, Bl 

' [JJ 46, 247L 

ww-Di-Aiorp-isobutane (CH,)»CH.CHC 1 ,. 
Isohutylidene Sfiloride. (104°). S.G. ^3 1>011. 
Z'JS’ (H = 1) . From isobutyric aldehyde and 
PClj (Oeconomides, C. R. 92, 884). f queous NH, 
at 180° gives ch^iro-isobutylene (67°). 

Di-chloro-isobutane C^H^Clj. (107°). From 
CH3:CMe.CH3Cl and cone. 
HCl (Ch^choukoff, BL [2] 43, 112). 

Di-chloro-butane 0,11,01,. (128°) (P.); (125°) 
(Faraday). S.G. 3» i.H2. v.D. 4-43. Formed by 
union of Cl with the mixture of butylenes (0. t>.) 
obtained by treating isobutyl alcohol (25 pts. 
with Hm (25 pts.), CaSO, (40 pts.), and K,SO, 
(10 pts.) (PuchoL^.C/i. [5] 28,608; c/. Faraday, 
2V. 1826, 440 ; Kolbe, A. 69, 269 ; 64, 339). 

m-oWoro-butane 0 ,HhC 1,. (106°). From tert^ 
butyl chloride and Cl in daylight (D’Ottreppe do 
Bonvette, Belg. Acad. Bxdl [3] 4, 369). 

Tetra-chloro-butane C^HgCLt.e. 
CH,.CC1,.CHC1.CH,C1. (85°) at 10 mm. From 
tn-chloro-butyl alcohol by gradual addition of 
PCI, (Garzarolli-Thurnlackh, A. 213, 372). Oil. 
Tetra-chloro-butane 

CHjCl.CHCl.CHCl.CHjCL Butinene tetra-chlo^ 
rule. [78“]. From butinene and Cl. Also from 
erythrito and PCI, (Henninger, Bl. [2? 84, 195). 
Prisms. 

Tetra-chloro-iso-buttne CCl,.CMe,CL Tn- 
chloro-tri-methyl-carbinyl cbimde or cf^o- 
isobutyrodri-chloride, (167°). Strong odour. 
Formed, together with hexa-chloro-di-ferf-butyl 
j^oxide (CCl3.CMejj)20, by the action of PCI, upon 
! wetone-chloroform (WBlgorodt a. Diiix, B. 20, 

Hexa-chloro- butane C^H^Cl,. (148°) ti 
60 mm. S.G. « 1*67. A liqftid formed by the 
Mtion^^ chlorine on isobutyl iodide (Prunier, 

I Hexamhloro-bntane •O4H4GI3. Formed by 
the action of chlorine on C^H^Cl, (from isobutyl 
aloohoDein sunlight (Puchot, 0 . R. 86, 767 ), 
(ML ^Converted by KOH into O^HjCl^ O4CI,, 

t Hexe-chlore-butane O^H^Cl,, (e. 116°) in 
vacvc. FrBm ferf-butyl chloride and chlorine 
in sunlight (d'O. de B.). 

Eepta-ohloio^buttne 04 H, 01 ,. [86°]. (125°. 
186°) in vacua. From ferf-butyl ohloride and 
Cl in sonlight (d*(A de B.). 

at 
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OHLOnO-BUTANE, 


Hepta-cliloro-butane C*H,C31,. [42®]. (135®- 
145®) in vacuo. Formed at the same time as 
the preceding. 

CHLORO - BUTANE TETRA - CARBOXYLIC 

ACID C01(C0^,.C(C,E;;(C0.^)a. EthijUhloro- 
aectylem-tetra-carhoxylic acid. 

Tctra-cthyl-ether A'-Et^. S.G. 1*076. 
Formed by chlorination of butane-totra-car- 
boxyld^ther. Oil (Bischoff a. Bach,®B. 17, 
2786). 

. CHLORO-BUTENYL ALCOHOL C,H,C10. 
Chloro-erotyl alcohol. (158*3® i.V.) at 742*6 mm. 
8.0. m 1*1312. V.D. 3*60 (for 8*68). From 
tri-ohibro-batyl alcoho?. by zino-dnst and HCl 
(Garzarolli-Thiirnlabkh, A. 213, 375). Crystal- 
lises in a freezing mixture. Smells like allyl clim- 
pounds. M. sol. water, but separated by KXOj 
or NaCl. Forms with Br in *CHC1, chloro-di- 
bromo-butyl alcohol, which is very unstable. 
If it be oxidised by HNO, it forms chloro di-- 
bromo-butyric acid (not isolaledlt which is 
reduced by zinc-dust and HCl to^^iloro-crobjnic 
acid [97®]. 

Acetaid (168®-169®) at 741mm. V.D. 
6*23 (for 6*14). Colourless fruity liquid, heavier 
than water. V. si. sol. water. 

CHLORO-BUTINENE C,H,C1. (65®). From 
di-chloro-butylene CHjj.CHiCH.CHClj and alco- 
holic KOH (Kekul6, A. 162, 99). j 

Hexa-ohloro-butinene C^Cl,,. [39®]. (284®), | 
From s-hexyl-iodido and ICl, at 100®-240® 
(Rrafft, B, 10, 803). Thin prisms (fiom i 
alcohol). 

TRI-CHLORO- BUTYL ACETATE 
C,HAOAo. (217*6®) at 733 mm. m. 
1*344. From tri-chloro-butyl alcohol and AcCl 
at 110® (GorzarolU-Thumlackh, A. 213, 373). 

a-CHLORO-ISOBUTYL ALCOHOL C,H,C10 
».e. (CHj,).jCCl.CHjOH Buiylcne-glycol chlorhy- 
drin (137®). From isobutylene and HCIO (But- 
lerow, A. 144, 25). Bl. sol. water. Reduced by 
so^um-amalgam to isobutyl alcohol. Oxidised 
by HNO, to chloro-isobutyrio acid (Henry, B. 9, 
1084). , 

Chloro-sec-butyl alcohol. Ethyl ether 
CH,.C^.CH(OEt).CH,Cl. (141®). S.G. 2 *9735. 
From di-chlorO'di-ethyh)zide and ZnEt, (Lieben, 

A.«23,133). « 

Di-ohloro-ferf-butyl alcohol C,H„CljO. (143*6® 

1. V.). S.G. 2 1*0335. From (CH,)jC:CHCl and 

UCIO (Ooconomides, C. B. 92, 1235). < 

M-ohloro- butyl alcohol 
CH,.CC1,.CHC1.CH,.0H [62®]. (120®) at 45 mm. 
From tri-chloro-butyrio aldehyde (butyl chloral) 
and ZnEtf, EnFr„ or Zn(CH,Fr)2, followed 
by water, thus : C,H,C1,CH0 + ZptC^H.), 

^ C,H.01,.0H30ZnC^, + CaH, (Garzarolli- 
Thumiaokh, A. 213, XO ; 223, 166). Also Iron: 
nrochloralio acid and HCl (Mering, H. 4, 93). 
Prisms (from ether). V. sol. alcohol ot; ether, si. 
sol. hot water. Sot warm cone. H,SO„ but de> 
composed by heating the solution. 

Beactions.—l. JE^ has hardly any actioi^ 

2 . Fuming HBr at 110® has no action. — 3. PCI, 
gives tetra-chloro'butane. — 4 . Fuming HNO, 
gives tri-ehloro-batyric acid. — 6. Zinc-dust ana 
HCl reduce it to chloro-butenyl alcohol {q.v.). 

Tri-ehloro -fart- butyl -Hoohol u. Acsxoub- 

mouomM. 


a 

CHLORO-ISO-BUTYL-ISO-AHTL-OLYOXAIm 

INE (?) (L,H„C1N,. ChUh'o-oxalamyUne. (267®- 
270®). Prepared from di-isoamyf-oxamide in 
the same way as chloro-oxolethyliiJs from di» 
cthyl-oxemide (Wallaoh a. Sofculze, B.tiS, 616 ; 

A. 214, 816). , • . 

S a » 8.- (BHCl),Pt01«.-B'HCl. 
7.CHL0R0fn.BUTyL- BENZENE C,„H„Cl 

».e. C,n 0HC1.0,H,. I From C,H,.CH(OH).C,H, 
and HCl (Engler a. Bethgo, B. 7, 1128). Liquid. 

CHL0R0-I?0.BUTYLENE(CH,f,C:CH01.J6O. 
hutenyl chloride. Jsocrotyl cldwkde. (o. 66°). 
S.G. .979. V.D. 89*7. From isobutylidene 
chloride (CH,).,CH.CHCl2 and alcohblic KOH or 
NH,. Formed together with (CH,).,CH.C6C12, 
by treating isobutyric aldebyde^wilix PCL (Oeoo- 
nomides, C. B. 92, 884, 1235 ; Bl. [2] 86, 498). 
Formed also by the action of chlorine on iso- 
butylene, especially belo^ 0° (Scheschukoff, J. B. 
16, 493; Bl. [2] 41, 253 ; 43, 127). Converted 
by water at 90® into isobutyric aldehyde. ^ 
Chloro-isobutylene CH,.C(CH,C1):CH,. BuU- 
nyl chloride, (c. 73°). S.G. 2 *955. Formed, 
together with the preceding, by chlorinating iso- 
butylene, especially above 0° (S.). Heated with 
aqueous KjCO, it forms isobutenyl alcohol (113°). 
HCl forms C4H,Cl2 (107°), whence K,GO, gives 
! C,H,(OH), (178°). 

j Di-chloro-n- butylene CH,.CH:CH.CHCli. 

I (126°). S.G. 22 1*131. From crotonio aldehyde 
and PCI, (Kekul6, A. 162, Q8b Alcoholic KOH 
gives 0,H,C1 (66°) and C,H,Ol.OEt (134‘^). Br 
gives C^H.iCljBr, whence aqueous KjCO, gives 
C,2:,.ClBr{OH), (0. 118°). 

Totra - chloro - butylene C^H^Cl*. (200°). 
From tri-chloro-butyrio aldehyde and PCI, 
(Judson, B, 3, 790). 

Penta-ohloro-butylene C^HjCl,. (187°) at 
460 mm. From fsrf-butyl alcohol and chlorine 
(Lieben, B. 8, 1017). , 

TRI-CHLOR-BUTYLIDENE-IMIDE 
CH,.CHC1.CC1,.CH:NH. [104®-166®]. (P.a.K.); 
[170®] (S.). Prepared by the action of anihio- 
nium acetate on tri-chloro-butyrio ^rtho-alde- 
hyde (hydrate of butyrochioral) (Pinner a. Klein, 

B. 11, 1491). Also by heating tri-chloro-butyrio 

aldehyde-ammonia with benzoic aldehyde (R. 
SchiU, Q. 9, 438). Sol. alcohol, ether, hot water 
and hot benzene. « ^ 

a - CHLORO - ISOBUTYL - MALONIO AGIO 

C. H,.CC1:(C0,H)2. Di-ethyl.ether A"Et,. 

(246°). S.G. ^ 1*091. Prepared by the action 
of ohiorino on isobutyl-malonic ether. Liquid. 
On saponification with KOH it gives iso-butyl- 
oxj^malonic acid (Conrad a. Bischoff, B. 18, 600; 
A. 209, 937). • 

HEXA-CHLORO-DI-TEBT-BUTTL OXIDE 
ChH,.C1,0 i.e. (CClj.CMej),0. * A^tonf^chloro> 
fonn ether.'’ fl66°). Formed, tpgether with 
CCli.CMojOH, and its oily isomeride, by the 
action of P(2), upon aoetone*<ch^roform (Will- 
gerodt a. Diirr, B. 20, 539). Liquid. Volatile 
with steam. Very pungent. 

o-CHLOftO-n-BUTTBIG ACID e^,010, 4.«. 
CH,.CH,.CHCl.CO,Eb From its •chloride and 
water. Thick liquid, v. sol. hof water. 

Ofclorids CH,.CH,.CHC1.0DC1. ( 0 . 181°). 
S.G. ^ 1*257. Formed by chlorinating bnt^l 
chloride in presence of lodineOfMarkownikou, 
4. 168,841;c/.j?.[8]4. 68}). 



OnLORO-BtnmilO ALDEirJfDE. 6S 
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sthvl iihif EtAl (o. 168°). S.G. 

1-068 W. 

i8.01ilor<vn>biityTio acid 


CHs.OHG|.OHj.CaH. 

Sbrmation.—lr By saponiflcation of allyl 
cyanide by HCl (Pinner, D* 12 , J056).-^. By 
oxidation of the ootreaponding al 4 *}hydo (Karct* 
nikoff, J. if. 11. 262).-^3. By treating the 
hydrochloride of 8 -chloro-butyrio iraido-ether 
CH,.CHCl.CI^.C(Nm/OEt) with water (Pinner, 
B. 17, 2008). • 

Reactions. -- Boiling baryta-water forms HCl 


and crotonicLaoid. 

Bthyl ether EtA. (o. ITO"*). S.O. « 
1-072 (Ba.); ^ 10517 (Br,). 1-430. 11^0 

69-1. Obtai^d«by chlorinating butyric acid 
(Balbiano. B. 10, 1749; 11, 348; G. 10, 137). 
Probably tho same conjpound is got by satu- 
rating an alcoholic solution of crotonio acid 
\^th HCl (Briihl, A. 203,* 28). Converted by 
KOH into crotonio acid and jS-oxy-butyric acid. 
Heated with alctholio NHj it gives ^-amido- 


butyramide. 




7 .Chloro-btityrio acid OHjCl.CH,.CH^,.CO.H. j 
[10°]. S.G. “ 1-260. From the nitrile by HCl j 
(Henry, 0, B. 101, 1158). Viscous liquid or thin 
laraimo, si. sol. water. At 190° it splits up into 
HCl and the lactone of 7 -oxy-butyrio acid. 

Methyl ether UeA!. (174°). S.G. 

From the nitrile, MeOH, and HCl. 

Ethyl ethermfh!. (184°). S.G. M22. 

Chloride CH,01.CH„.CH,.C0C1. (174°). 

a.G. 1-208. . 

Amide CH.,Cl.CH,CH,.CONH,. [901. 

Nitrile CHjCl.CHj.CH...CN. (190°). S.G. 

^ 1-102. From CH,Cl.CH,.CH,Br and KCy. 

a-Chloro-isobutyrio acid (CHj).CC!.COH. 
From (CH,),CC1.0H„OH by oxidation with HNO, 
(Henry, Bl. [2] 26, 24). Formed also by clilori- 
nating^sobutyric acid (Balbiano, B. 11, 1693). 

Ethyl e«he«EtA'. (149° cor.). S.G. « 1-062. 
Concerted by alkalis into* oxy-isobutyrio, metha- 
crylic, and ‘ ^-butyllactio ’ (C^HuOA acids (Testa, 
0. 10 , 877)P. 

aj3-Di-chloro*butyno acid 
CH,.CHCl.CHCl.CO,H [63°]. Formed by com- 
bining solid crotonio acid with chlorine, in CS, 
Bohftion. Large glistenii^ colourless prisms. 
By aqueous NaOH at the ordinary temperature 
it is converted into aZfo-a-chloro-orotonic acid 
[ 66 °]. If Hie solution is heated during the re- 
action some ordinary a-ohloro-crotoiuc acid is 
formed simultaneously. On heating tne neutral 
alkaline salts in aqueous solution a^fo-a-chkro- 
propylene is formed (Wislioenus, B, 20, 1 ^ 8 ; 
Michael a. Brown, Am. 9, 281 [ 2 j 86, 174 ; 

c/. Friedrich, A. 219, 874. * 

SaBs.-^A'.—BaA'g: gummy. , 

Methyl^ethtr MeA'. (84°) at 28mm.; 
(177°). B.G. y -2809 (Zoisel, M. 7, 868 ). 

BthyletmerEik'. (96°) at 85 mm. Con- 
verted by alcoholic KOH into a-ohloro-crotonio 
acid [98°]. . 

OhlorHe 0H,.0HC1.0HOl,CO01. (164°). , 
From orotonfo |ldehyde add chlorine (Z,). 

AMo-oB-dl-^loro-butyric acid 
CH,.CHC1,CH01.CO^. Liquid. Formed, to- 
gether with some solid aj8-di-ohloro-butyrio acid 
[63 ], by oombmatiqn of liquid iso-orotonio acid 
^th CL By axoaii of cold aqueous HaOH it ia 


converted into ordinary a-chloro-crotonio acid 
[09°]. On heating the neutral aqueous solution 
of the alkaline salts, ordinary a-chloro-propylena 
(30°) is formed (Wislicenus, B. 20, 1009). 

A di-chloro-butyric acid is formed by chlori- 
nating n-butyrio acid in sunlight (Pelouze a. 
G61i8, A. Ch. [3] 10, 434 ; Naumann, A. 119, 120). 

aa.Bi*ohloro-butyric acid. Anilide. 
CH,.CH*CClj.O.NHPh. [200°]. From^iline 
ethyl -inalonate and PCI, (Schramm, B. 21, 289). 
Distillation with aqueous Na„CO, converts it into 
NPh.-CH.O.CClEt.CO NHPh which yields phenyl-* 
carbamine when boiled with cone. KOHAq. 

o-Toluide CH,.CH^Cr4L.0N30,H,. Pre- 
pared in a similar way. Is converted by otiueoua 
Na..«0, into NC,H,:CH.O.CClEt.CO.NHO,H,. 
[10*7°]. 

Tri-chloro-butyric acid CIIj.OHCl.CCl 2 .CO.^H. 
[G0°] (K.) ; [58°] (G.). (237°). S. 4. Formed 
by oxidising tri-chloro-butyrio aldehyde (Kramer 
a. Pinner, IB. 3^ 380 ; Judson, B. 3, 786 ; Kahl- 
bau*i, B. l‘i, ffi337). From the alcohol and 
fuming IINOj (Garzarolli-Thurnlackh, A. 213, 
374 ; 182, 185). The silver salt whe#boiled with 
water gives di-cWoro-propylene (78°). — AgA'.— 
CaA',.— PbAV 

Ethyl ether Etk\ (212~). 

Chloride CH,.CHCl.CCl.COa (c. 164°). 

Amide CH3.CHC1.CH,.C()NH,. [96°]. 

Tri-chloro-butyrio acid 

CH,Cl.CH,.CClj.CO,H. [76°]. S. 5. From the 
corresponding aldehyde and fuming HNO, (Nat- 
tcrer, ilL 4, 539 ; 6,251). 

Tri-chloro-isobutyric acid C^HjCliO.^. [60°]. 
Separates when chlorine is passed into an aqueous 
solullbn of sodium oitraconato (Gottlieb, J. pr. 
[2] 12, 1). Prisms. Boiling alkalis convert it 
into di-cliloro-methacrylic acid. Zino-dust and 
HCl form chloro-methaorylic acid. 

Salt a. — NH^A'.— BaAV"~ PbA'j. -—k n i 1 i n e 
salt NH,PhHA'. [164°] (Daccomo, J. 1884, 
1335).-[4:1]0«H^Mo.NH3A'. [164°] (D.). 

Tetra-chloro -butyric acid C^H^Cl^O^. [140°]. 
From 7t.butyric acid and Cl in sunlight (Pelouze 
a. G61i8, A. Ch. [3] 10, 434). 

B-CHLORO-w-BUTYEIC ALDEHYDB 
C,H,C 10 i.«.CH 3 .CHCl.CH 3 GII 0 . [97°]. Prom 
crotonic aldehyde and gaseous HCl (Eekul4, A., 
162, 100). Needles (from dilutg alcohol) ; i^oL 
water. 

Tri-chloro-butyrio aldehyde 
CH,.CH01.CCl3.CHO. 

t ButyUhUnul. Mol. w. 175§. (165°). S.G. 
V 1-3950. fif, 1-482. Bab 57-99 (Brtthl, A. 203, 


20 ). 

Formation. — 1. By the actjpn of chloriqe on 
aldehyde (Pinner, A. 179, 21 ; B. 3, 383 ; 8, 1661). 
2 . From chloro-acctio ortho-aldehyde by heating 
with an equivalent quantity of aldehyde and a 
Vace of HCl ; tho oily product (a-ohloro-crotonio 
aldehyde) being subsequently chlorinated (Lieben 
a.Zei8el,W.4,631). 

Properties. — Liquid ; combines with water 
forming a oryltolline hydrate, whence it is 
liberated br distillation II a current of HCL 
Oxidation gives tri-chloro-butyrio acid. PCI, 


gives 0 ,H*Cl 4 ( 200 °). 

Reactions. —1 ZnMe, in ether followed, after 
a time, by water gives tri-chloro-amyl alcohol 
(0,H4C1 ,)CHMoOH^ 2. ZnEt,(l inol.)gives off 
4 >tbyl 6 ne, and the residue when treated with 
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water forms tri-ohloro-butyl alcohol (Garzarolli- 
Thurnlaokh, A. 213, 370). — 3. Tri-obioro-lactio 

acid at ISO** gives OCl,.OH<^^^>Ofl.C,H,Cl, 
[107°] (Wallaoh, A. 193, 47).-4. Lactic acid 
gives CH,.CH<^q >CH.C,H,C1, (261°^. — 6. 
Tri>oh1lNo-oxy-valerio acid at 176° slowljr forms 

C,Cl,H.Cn<^Q^CH.C,Cl.H, [85“]. (300°- 

310°) (W.).— 6. ftr.I forma C,H„Cl.POj [90°] 
(Girard, A. Qh, [0] 2, 6^. Split up by cone. 
NaOHAq into HCl, p,PO[, CaH.Clj, formic acid 
and hydrogen. 

Combinations. — 1. With water f — 
Tri - chloro - butyric ortho - aldehyde 
0H,.CHC1.CCL.CH(0H)2. aiof. w. 193]. [78*^] 
(K. a.P.) ; [76°] (L. a. Z.). V.D. 3*33 (calc. 6*7) 
(Moitesier, C. R. 90, 1075). Trinietric laminie ; 
a:6:c* •05:1:1*2. Dissociated i^.fieat. Re- 
aciions.-~{a) Converted by boinng Na^CCfjAq 
into di-chJ<jrO‘propylene (77°) which on oxida- 
tion with yields acetic acid.— (6) Zn and 
HOI reduce it to chloro -crotoaio and crotonio 
aldehydes (Sarnow, A. 104, 108).~(c) Iron and 
HOAo give butyric aldehyde, n-butyric alcohol, 
and butenyl alcohol (Lieben a. Zeisel, M. 1, 840). 
— (d) After being taken into the system it is 
excreted in urine as tri-ohloro-butyl-gly- 
onronic acid CioHuClA (Mering, H. 0, 491 ; 
EtUz, J. Th. 1882, 95), This acid crystallises 
in silky needles, is l^evorotatory, and split up 
by boiling dilute acids into glycuronic acid and 
tri-chloro-butyl alcohol.— (e) Heated with dry 
NH4OAC it forma C^HjCljNH [165°] (Pinner a. 
Klein, B. 11, 1491); [170°J (Schiflf, B. 11, 2167). 

2. With hydrogen cyanide: — 
Tri-chlorO‘Oxy-valeronitrile 
.Cfl^.CHCl.CCL,.CH(OH).CN. [102°]. (c. 230°). 
This is converted by alcoholic NHj into chloro- 
crotonamide; and by HjSO, intotri-chloro-oxy- 
valeramide. Heated with urea it yields chloro- > 
crotonyl-urea CII,CH:CCl.CO,NH.CO.Nfl, as l 
chief product (about 60 p.c.) and butyro- 
chloral-biuret 

CH,.CHaCCl,-CH<^y;p°>NH as s by. 

prdliuct (about 6 p.c.) (Pinner a. Lifschiltz, B, 
20, 2347) . 

8. With acetamide :— C4H4Cl,(OH)(NHAc). 
[170°] (Pinner, A. 179, 40) ; [158^] (SchifI a. 
Tassinari, B. 10, 1786).^, Tables; v.sl. sol. water. 

4. With benzainide:— 04HjCl,(OH)(NHBz). 
[160°] (Pinner, A. 179, 40) ; [133°] (Schitf a. 
Tassinari, B. lO, 1785). Formed by melting 
^ tri-ohloro'butyric aldehyde with benzamide. 

6. With oarbamic ether; — ' 

C4HjCI,(0H)(NH,C02«t). [125°]. From trif 
ohloro-butyrio aldehyde, carbamio ether, ana 
HCl (Bischoff, B. 7, 632). Small pri^s. 

6. With ammonia :-[62°] (S. a.T.)* 

7. With alcohol:— • 
CHrCHCl.CCnj.CH(QH)(OBt). Oil (P.). 

8. With acetyl chloride;— e * 

CH,.CHCLCH3.0H(OAo)C1 (220°). 

Tri-ehloro-bntyrio aldehyde 
OH,Cl.CiLcCl,.CHO. [-782- From ay-diHihloro. 
erotonic aldehyde CH,Cl.CH:CCl.CHO and HCl 
(Natterer, if. 4, 561; 6, 263). Forms no 
^dxaia. 


I /3 - CHLORO .Bill YllHnD0.£THYL.BTR£B 

I 03H^Cl.C(NH).OEt. The hydrochloride is formed 
by passing HOI into a mixture 0/ aiiyl oy&nide 
(1 mol.) and ethyl alcohol (1 nml.). TJm hydro- 
chloride (B'HCl) crystallises in large ooloarleBS 
prisms <PinnCT, B. 17, 2007). 

CHL0R0-CAFF£lN£ v. 0A»rBiNB. 
CHLOKO.CA;&[PHqB V. Gaufuor. 
CSLL8B0-CAPR0IC ACID v. Chlobo-bbxoio 

AOIJ>. ^ e ® 

CHLORO-T&ICARBALLYLIC ACID. Methyl 
ether CH,(CO,Me).CCl(CO,iae).CH,(C02Me). 
From tri-methyl citrate and PClj (HsneBUS, B. 9# 
1760). Oil ; split up by heat into HCl and tri- 
methyl ttconitate. 

TRI-CHLORO-CARBAZOLE C,^«C1,N. [180^. 
Prepared by passing chlorine into acetic acid 
containing carbazolo in suspension until the mass 
appears bright green (Grtebe, A. 202, 27). 
Needles ; sol. benzene, ether, and alcohol. Ill 
solution in oono. HjSO^ is bright green. Its 
picric acid compound [K)0°] forms red 
needles. 

Hexa-chloro-carbazole C,jH,ClgN. [226°]. 
Obtained by further chlorination of the above. 
Long needles; its solution in cone. HjSOf is 
yellowish-green. 

Ooto-chloro-carbazole Cj^HCljN. [276°]. 
Formed by chlorinating the above in presence 
of SbClj. Long needles, si. sol. alcohol. Further 
chlorination in presence of SfeClj at 160° gives 
hcxa-chloro-benzene. 

^CHLORO-CARBONIC ETHER v. Chloro-fob- 

MIC ETHER. 

()3)-CHL0R0.CARB0STYRIL C,H,ClNO t.e. 
>CH:CC1 

C^n,^ I (By. 2, Z)-Chloro-oxy-QuinO‘ 
\N : C(OH) 

line. [242°]. Formed by heating di-chloro-quino- 
line [104°] with dilute HCl to 120°. ByTOlj it 
is converted back into the d^hloro-quinoline 
[104°] (Friedlander a. Weinberg, B. 16, ^336, 
2679). 

Ethyl elher CpHjClN(OEt) ; liquid, volatile 
with steam. 

Chloro-carboatyril 0„H,N0C1. [246°]. 

Formed by boiling a dilute HCl solution of 
o-amido-piionyl-propiolic acid (Baeyer a. Bls^m, 

B. 15, 2148). Sublifiable. Silky needles. 81. 
sol. hot, insoL ccIJ, water. May be identical 
with the above. 

Di-chloro-carbost]^ C^jClaNO. [249°]. 
Formed b^ chlorination of carbostyril (Fried- 
lai^er a. Weinberg, B. 15, 1425). Fine white 
Defies. PCI, converts it into tn-chloro-quino- 
lino [161°]. c ^ 

DODECA-CHfOBO-CEROTIO ACID 

C. .,H,,,.Cl,jO^. From cerotio acidwnd i^jhlorino' 
(Brodie, A. 67, l90). Gummy mats. EtA'. 

CHLOBO-CETYL ALCOHOL Oja:„C10. (800°). 
From ceteiHi C„H,, and dbljmlute HCIO’ 
(Carius, A. 126, 195). Liquid. KOH gives 
C„H„0 im (300°). 

DI-CHHiOBO-CHELlDAMlO ACXa v. Ciucli- 

DORIC lom. V • 

HEPTA.CHI0£0.CH0L£8T£BIK v. Oholes- 

TXRIN, ® 

CHLOBO-OBQtOMIC ACID. Name sometimes° 
given to CrO.^CL, v. Onvtomvvi,ipxychlorides of,^ 
CHLORO-CRBYSEZrE 1;. Curyskvi. 
•AJaLORO-OUfHAIlIC ACID 
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0«Ht.OH:001.00,H. a-ChlorO’B-pmiyhacrylic 
acid. [142®]. • 

Formation.— 1. By heating sodium chloro- 
aoetate vrath acetic anhydride ^nd benzoic alde- 
hyde ^16chl, B. 16, 1946).— 2. By heating o- 
ohloro-i8-oxy-j8-plienyl-propionic acid withNaOAo 
and AcjO (Forrer, B. 16, 854).— if. Tog^her with 
a small quantity*bf the $ isonwride by heating 
0,HyCHCl.CHCl.CO,H',with alcoholic KOH 
1 (Jutz, B. 15, 788).— -4. By digesting benzoyl- 
acetic ethe#with P^lj and POplji at 100® (Perkin, 
C. J. 47, 240). In this reactionthe /3 acid might 
have been antifipated. Needles. Volatile with 
steam. V#bI. sol. water, v. sol. alcohol and ether, 
sl.*soL ligroln. 

j3-Chloro-olnnamic acid C,,H,..CCl:CII.C02H. 

? Allo-a-chforohinnaviic acid. [114°]. Formed 
as above {Formation 3) and separated from the 
a-aoid by the smaller^olubility of its potassium 
salt in alcohol. Trimetric crystals (Haushofcr, 
8 , 382, 389). 
o-Chloro-oinnamio acid 

[2:l]C,H,Cl.Cff:CH.CO,H. [200®]. (G. a. H.); 
[196®] (S.). Formed by boiling o-diazo-ciumunic 
acid with strong HCl (Gabriel a. Herzberg, B. 16, 
2036). Also by heating o-chloro-benzylidene- 
malooic acid to its melting-point (Stuart, C. J. 
53, 141). Sol. alcohol, ether, and acetic acid, 
nearly insol. petroleum-ether and hot water. 
7 ^1-Chloro -cinnamic acid 

[3:l]C«H,Cl.O,H,.CO,U. [107®]. Formed by 

boiling m-diaz#dlnnamic acid with strong IICl ' 
(G. a. H. B. 16, 2038). Needles. V. sol. hot 
water, hot alcohol and ether, si. sol. benzene 
and petroleum-ether. • 

jp-Chloro-oinnamio acid 

[4:l]C„H,C1.0,Hj.CO,H. [242®]. Formed by 

boiling p-diazo-cinnamic acid with strong HCl 
(Gabriel a. Herzberg, B. 16, 2039). V. sol. 
alcohol, si. sol. cold water, benzene, and ether. 

fli-chloro-cinnamit acid C.Ha.Ch.CHiCHCO,!! 
[1:3:6]. Foriped by^tho action of Ac^O and 
NaOAo on (j3).dichloro-benzoic aldehyde (Seehg, 
A. 237, 168). Fine needles ffrom dilute alco- 
hol). • • 

(o)-Tri.chloro-cfnnamio acid 
C,H,01,.CH:CH.CO^[1;3:4:6]. [201°]. Formed j 
by acting on (uj-trichloro-benzoio aldehyde with ! 
fcetic anhydnde and sodium acetate (Seelig, A. 
237, 161). • ^ ^ 

(^)-Tri.chloro-cinnaniio acid 
CX.Cl3.0H:CH.CO.;H [1:2:3:6]. [186®]. 

Formed by the action of acetic v^hydride and 
sodium acetate on (/9)-tri-chloro-benzoio aldehyde 
(Seelig, A. 237, 161). ^ 

CHLOEO-CITRACONIC ACID C.^^CIO,. The i 
salts of this acid are forgietffrora the anhydride. | 
TheJree^id, UberateA by the addition of H,SO, | 
to tne bamum #alt, splits up «t once into water 
and anhydride. Zn and HCl reduce it to pyrotaP- 
taricaoid./ • 

Salts. - CaA". -BaA"34aq. -BaA" 4aq.- 
PbA'.-AgHA" -Ag^" ^ 

An)^dride CjHaClO,. 609°]. (212°). 

Formed by distilling citra-di-ohloro-pyrotartaido 
or ohloro-citramalio acTd (Gottlieb, J. pr. [2] 8, 
73 ; Swartsf^ J, 1873, 682). Laminm ; may bo , 
Bublimed. 81. sol. water, v. sol. alcohol and ether. , 
CHLOD^ CUBIC ACID C«H.C10.. From i 
loomtio aoa and HOCl (PawoUeok, A. 178, 166). | 


; Unstable syrup. Boiling with water or baryta- 
1 water gives oxy-oitrio acid. 

CHLOBO'CODEIN E V. Codeink. 

CHLOBO- COMPOUNDS. See also Bromo* 
Compounds. In organic compounds chlorine can 
displace hydrogen atom for atom, the resulting 
i compound possessing as a rule considerable 
reserajjlance to the parent substance. This 
obser^tion in the hands of Laurent and Dumas 
j overtmew the electro-chemical theory alchemical 
affinity which had been established by Berzelius 
(c/. K. 1, 66). The hydrogen that is displaced 
by chlorine is usually that Mtached to carbfin. 
Chlorination may be effected ^ a mixture of 
KClOj and HCl, by PQj, gbCl^, or AcCl, but it is 
usually effected by the diftet action of chlorine 
gf 3. The chlorination of aromatic hydrocarbons 
j may be effected by heating the hydrocarbons with 
the theoreticaUamount of PCI5 at 190° ; in this 
case the PClj splits up into PCI, and chlorine, the 
latter then attacking the side chains ; the pro- 
ducts ar^^eiyly pure (Colson a. Gautier, Bl. [2] 
4i, 6 ; C. B.4o 1, 1064). In the same way acetyl 
chloride heated for several weeks with PCI, in 
an open flask is converted into chlft-inated acetyl 
chlorides (Micjiael, Am. 9, 215). Acetyl chloride 
itself may be used as a chlorinating agent ; thus 
benzene-azo-benzene heated with AcCl at 170° 
for 4 hours is converted into jp-chloro-benzene- 
azo-chloro- benzene and p-chloro- acetanilide 
(Becker, B. 20, 2006). When free chlorine is 
used the substitution is usually slow unless it is 
aided by daylight, by sunlight, by heat, or by 
carriers. 

Sunlight enables chlorine to enter the side 
I chains of aromatic hydrocarbons even at 0® 

, (Schramm, B. 18, 1272), which it will otherwise 
only do at a high temperature ; in the cold and 
in the dark it only enters the benzene nucleus. 
Chlorine enters the methyl group of acetophe- 
none whether the action take place in daylight 
or in the dark ; the chlorination is, however, 
much more rapid in daylight (Gautier, C. R. 104, 
i 1714). 

! Carriers. Iodine greatly assists chlurina- 
! tion, probably forming IClj, which reacts more 
vigorously than chlorine alone (Hflgo Muller, 
C. J. 16, 41). The chlorides of metals which 
form two chlorides «lso act as carriers ; e.g. 
SbCl, (Hugo Miiller; Beilatein a. Qeitner, A. 
139, 334; Buoff, B. 9, I486), MoCl, (Aronheim, 
B. 8, 1400 ; 9, 1788 ; Page, A. 225, 199), Fo,Cl„ 
AljCl,, TlCl, and the chlorides of Au, Sn, Bi, S, 
Te, Ga, Zr, Nb, In, Ta, and Ur. On the other 
hand the chlorides of Na, K, Li, Ag, Cu, Oa, Ba, 
Br, Mg, Zn, Hg, B, P, As, Se, 7, Ce, and Di, aire 
not carriers (Willgorodt, J^^pr. [2] 84, 264; 35, 
398). According to Page^ however, the ohloridas 
of S, and Bi are not carriers, as is also tite 
case with the chloride of Ti, Cr, W, Mn, Co, and 
Ni. It is, however, mot possible to draw an 
absolute lino of demarcation between carriers 
and non-carriers ; the weaker carriers can only 
attack subsUnces prone to chlorination. The 
effect of various chlorides is modified by circum- 
stances, such as their ^lubilityin the substance 
to be chlorinated, their stability in presence of 
water, and the temperature *^1 the reaction. 
MoClj acts ad a carrier of chlorine to aromatic 
bodies only and ^ot to fatcy compounds. It may. 
be supposed that those v^ous carriers act t^y 
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alternfttely giving np chlorine to the oomponnd 
And taking it np again: 

0^ + MoOlj « C,H»01 + Mod, + CIH 
MoCl, + Cl,=MoCl,. 

This does not account for the fact that carriers 
promote entrance into the benzene nucleus, nor 
for the observation that no ferrous chloride is 
formed when benzene is heated withi Fe.^Cl,. 
An altoraative supposition is that in the,^oaso of 
aromailb bodies a molecular oompouna is first 
formed, possibly aided by the somewhat un- 
aatnratea condition of the benzene ring, and 
that this molecular compound is subsequently 
decomposed bg^ chlorine. 

Displacement one* halogen by another, 
lodo- compounds mky be converted into ohloro- 
compounds by digestion with HgCl, ; on \he 
other hand, chloro* compounds may be changed 
to iodo- compounds by treatment with KI or, 
better, GaI,3|H20. Even acetyl chloride may 
be converted mto acetyl iodide by heating with 
crystallised calcium iodide, without being affected j 
by the water of crystallisation. In^eneral, mAala j 
with low atMuic weights prefer the lighter halo- 
gbns. The lollowing elements prefer chlorine to I 
bromine or iodine, and bromine to iodine ; viz., ' 
K, Mg, Ca, Sr, Ba, Al, Mn, Co. 

On the other hand, Cn, Ag, Hg, Sn, Pb, As, 
and Sb prefer iodine to bromine or chlorine, and 
bromine to chlorine. P and Ti are indifferent. 
The metals Zn, Cd, Tl, Bi, Fe, and Ni are vari- 
able in their behaviour (K()hnlein, A. 225, 194). 

Thus n<propyl iodide is not acted on by MgCl,, 
SrOl,, or BaCl, ; it is split up into gas and HI 
by MnCl, and TiCl, ; it is but slightly affected 
by FeGl,, GoCl„ and NiCL; but it is conj^rted 
into propyl chloride by ZnCl„ CdCL, SnCL, SnCL, 
8bCl„ andTlCl. 

n-Propyl chloride is converted into propyl i 
iodide by Caljj, Srl^, Mnl,, and Col^; is but 
slightly affected by Fel, and NiL^ ; and is not 
affected by SnI,. 

The substitution of chlorine by iodine may 
be effected by the use of KI in the case of chloro- 
lactic acid, ohloro-acetone, di-chloro-acetonc, i 


without anj^iodo-benzenes bemg formed (Ber- 
thelot, BI. [2] 9, 801. , 

Chlorinated hydrocarbons. , 

Formation, —1. By chlorination, of hydro- 
carbons. Chlorine enters the m and a mpsitionf) 
in fatty hydrocarbons ; thu# n-pentafle gives 
, Ci:,.CH2.0HrCH2.0H2Cl 
and CH,.0H,.QP,.CH01.CH,. 4)n further chlori- 
nation, the chlorine ^ifrns out hydrogen that is 
attached to the same atom of carbon as the 
chlorine atom already present. In the case of 
aromatic hydrocarbons chforine enters the side 
chain only at a high temperature or in sunlight. 
In presence of iodine or SbCl, enters tho 
benzene nucleus even at boiling temperature (v. 
supra). The rules relating to substitution in the 
benzene nucleus are given in th# arllole Benzenk. 
The displacing action of chlorine is not confined 
to hydrogen ; thus it convert nitro-benzenc 
into C^Clfl (Page, A. 225, 208).— 2. Mono-chlori- 
nated hydrocarbons or alkyl chlorides are formed 
by treating alcohols with HCl, PClj, PC1„ or 
POCl,. The action of HCl oit alcohols is pro- 
moted by ZnCLj (Groves, C. J. 27, 636 ; A. 174, 
372 ; Kriiger, J. pr. [2] 14, 195), but in the case 
of the higher fatty alcohols the resulting chloride 
is sometimes mixed with an isomeride derived 
from the olefine formed by dehydration of the 
alcohol (Schorlemmer, C.J. 28, 308; B. 7, 1792). 

, The polyhydric alcohols will not exchange all 
[ their hydroxyls for Cl by treatment with HCl but 
i require the use of PCl^,— Jh J'rom olefines and 
[ HCl; the chlorine attaching itself to the atom 
i of carbon that is combined with the fewer 
i hy/Trogen atoms. Di-chlorinated hydrocarbons 
are formed by the union of Cl with olefines, or 
of HCl with the hydrocarbons OnH,,„- 2 . Al- 
though chlorine combines with olefines in the 
dark, its combination with benzene and acetylene 
requires light (Komer, A. 233, 172).— 4. From 
aldehydes or ketones aad PClj. — 6. From aro- 
matic amines by the diazo- reaction {v. Di-Azo- 
COMPOUNDS and Amines). The*conversiou may 
also be effectedtby gradually adding HNO, to a 
hot solution 9f the amine in HCl (Lo^uitsch, B. 


epiohlorkydrin, and dichlorhydrin ; on the other 18,39). t 

hand, KI does not act on dichlorinated ethyl licacfimis . — 1. Boiling water very slowly de- 
oxide, and decomposes chloral into chloroform composes chlorinated hydrocarbons ; the chlo- 
and CO. • rides of tertiary alkyls are the most readily 

substitntton of Cl by I may be effected affected (Niedori*t, Jk. 183, 888). Presence of 
by Al,!, in the case of CCl, and CH,.CHCi; ; but 1 Pb(OH)j or E«CO, in the water promotes the 
Aljlg does not act on C,C1, or on djCl,, while it j conversion of chlorinated hydrocarbons into al- 
spits up 0,01, into CjCl, and Clj, } cohols. If two chlorine atoms are attached to 

KBr converts di-chloio-acetone into di-bromo*- { the same*carbon atom, the product is an aide* 
acetone. Al^r, converts CC1„ C^Cl,, and C.^C1, hyde or ketone ; if three are attached to tho same 
into CBr^, C,Br., and CjBr, respectively. cai%on atom, the product is an acid.— 2. Am- 

The conversidh of Etl into EtCl is not effected vtoTtia cenverts tke alkyl oMorides into amines, 
by BaCl„ CuCl,, or PbCl, at 72®, but is partially 3. Alco/ioltc |)of4^A«removes HOI in two stages 
brought about by Bad, at 140®, and is com- from di-ohlonnated hydrocarbons, Cl and H 
pletcuy effected by CUfCl, and PbCl, at 160®. being detached<iCom neighbouring garbon atoms, 
The observatitm of lienry (G. R. 96, 1062) that the hydrogen coming from the carbon atom to 
silver nitrate converts ethylene chlcypobromide which the le|s hydrogen is attod|ed.— 4. Ohlor- 
CH,d.CH^r into chloro - ethyl nitrate ine may be displaced by hydrogen by treatment 
OH,Gi.CH,O.NO, is in acoordanee with the state- with sodium-amalgam in presence of dilute aloo- 
ment made almve, silver prefers bromine to hoi ; with ainc-dust and HOAo ; og with cone, 
chlorine. Chlorine may be displaoed by iodine HIAq.— 5. Dry oxaj^ acid displaces chlorine 
by heating with cone. HIAq in sealed tubes,, but by oxygen in the compounds BttSLCl, and KCOl, 
the resulting iodo- compound is, especially in the (Anschutz, A. 226, IS). a ' 

case of aromatic compounds, liable to loss of Chlorinated acids. 

iodine in exchange for hydrogen; thus ohloro- F’omwfion.—'l. By direct chlyinationj^hlop- 

betigepea ore reducad tn benzene by HI at 250® ine taking the a position if possible, espodally 
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if Ihtt temperatara b« not above (Erlen- 
mever, J3. 14, 1818).<-3. iFrom salts of ozy* acids 
andPOlg, the resulting chlorinated alkoyl chloride 
being decomposed by water.— 8. By addition of 
ohloriniuor of HQl to unsaturated acids ; HCl 
uniting with aoidl of the form BOH:CH.GO^H 
gives rise chiefly to ^-ohloro* acidb^ . 
B0HC1.0Hj.C0aHf ^ 

HeacUons. — 1. Boilinj^jirith water or alkalis 
usually converts a-chloro- acids into OJf- acids, 
0*ohlorO‘ acids intc^ unsaturated acids, and 
y-ohloro* acids into lactones. 9he /S-chloro* 
acids also split up into HGl, GO.^, and an olefine 
pittig,4.1U6, 169; c/. Erlenmeyer, J5. 14, 1318; 
15, 49). AOEt converts a-chloro- acids into 
ethoxy- acids, ao-di-chloro- acids are but slightly 
affected by b<flling water ; a/3-di-chloro • acids give 
the chloro-ozy- acid, and also split off CO.^. 
Alcoholic KOH conveits acids of the form 
BGHGl.GHGl.GOaH chiefly into ROHiCCl.COaH. 
9 Acid chlorides. * 

Formation.— 1. By the action of PClj, PGlj, 
or POGl, on the told or on a dry salt of the acid 
(Gorhardt, A. 87. 63 ; B6ohamp, 0. B. 40, 944 ; 
kanonnilcoff, A. 175, 378). Although PClj does 
not convert tri-chloro-methano-sulphonio acid 
into its acid chloride, it acts upon methane sul- 
phonic acid and chloro-metbane sulphonic acid 
in the usual way.— 2. By the action of HGl on a 
mixture of the acid and PjOg (Friedel, Z. 1869, 
489). 

JKeac/ions.— l4l<|uickly decomposed by water 
into HCl and the corresponding acid, and even 
more readily decomposed by akoholo with for- 
mation of ethers. — 2. Ammonia forms amides ; 
primary amines act similarly.— 8. Salta of organic 
acids form anhydrides. Dry oxalic acid also 
Donverts them into anhydrides (Anschiitz, A. 
226, 18 ; t). Amuvjduides, OaoANic).— 4. Zinc ethyl 
unites with them forming compounds such as 
It.G(OCnEt)EtCl whiclf are converted by water 
into ketones KGO.Et; further action of zinc 
stl^yl forms B.G(OZnEt)Et2 whence water forma 
tertiary alcohols R.G(OH)Et ,. Thus COjEt.GOGl 
becomes COjEt.C(OH)Et2 (Henrjf B. 6. 049).— 
5. Aluminium chlorich forms with acetyl chloride 
diluted with CSj a white solid GijRgOgAl^Gla 
decomposed by water into GHj.GO.CH3.GO.OH, 
withBvolutlon of CO3, and by alcohol into acetyl- 
aceto'scetic ether. Aljil, acts similarly on 
chlorides of other normal fatty acids (Combes, 
A. Oh. [6] 12, 199).— 6. Chlorine acts by substi- 
tution more vigorously upon acid chlorides than 
rpon the acids themselves (Jazukowitzsch, Z. 
1868, 234).— 7. Sodium amalgam added to a 
mixture of an acid with its chloride reduoei the 
latter to the corresponding alcohol (Lkmemann, 
A. 161, 184 ; Baeyer, B. 2,4)8f. 

ChlproiuddeB and bhloroimides B'.NHCl. 
R',R™i,^NGWwhore R', R',f and R" are acid 
radicles, ana B'^ acid or alcoholic. 

These boMfP are formed by u^ding a cone, 
solution of chloride of lime to the solution of the 
amide or imide acidifled with AcOH. 

By treatment with alkalis, HGl^c., their G1 
atom is readily replace^ by H (Bender, B. 19,^ 
2272). ^ ' 

OHLORO^iONnKS v. Oomunb. 

(a).CHLOBO^TJMABIir CgH.ClO- [128®]. 
Prom ooumaMu and POl, at 200®. AIS9 from 
ooumarin dicluoride and alooholic KOH (Perldu, 


0. /. 24, 48). Flat needles, m. sol. alcohoi, si. 
soL hot water. Converted by alooholic KOH into 
ooumarilio acid. 

(3)-Ohloro.ooumaritt OgHjClO,. [162®]. From 
AOgO and sodium chloro-o-oxy-benzoic aldehyde 
CjH,Cl(ONa)CHO (Baseoke, A. 154, 86). Crys- 
tals, si. sol. cold alcohol, v. e. sol. benzene. 
Boiling jCOHAq converts it into chloro-ooumaric 
acid. 

Tetra-ohloro-coumarin CgHjCl^O,. ^146°]. 
Formed by passing chlorine into coumarin dis- 
solved in CGI, containing iodine (P.). Small 
needles (from alcohol). * 

CHLORO-p-CRESOL C,H,(CHJC1(0H) [1:3:4] 
(196°). 8.0. If 1*2108.^ Fermeo^by the action 
of dry chlorine on sodmrrAp-cresol (Sohall a. 
DrUlle, B. 17, 2528). Liquid. 

Afethyl ether C,H,MeCl(OMe). (214°). 
S.G. II 1*1493. Liquid. 

Chioro-cresol C,H,(CH.,)C1(0H) or 
C.,H,(CH,C1)(0H). [66°J. (0.240°). Formed by 
chlorinatidipf boiling crude oresol (Biederinann, 
B. 9, 325). Noodles ; v. sol. alcohol, ether, and 
benzene. 

Chloro-creiol. Ethyl ether 
CjH,MeCl(OEt).. (c. 215°). S.O. 1*127. 
From (a)-onloro-nitro-toluene by reduction, diazo- 
tisation, and treatment of the diazo- sulphate 
with boiling alcohol (Wroblewsky, A. 168, 209). 

Chloro-oresol. Ethyl ether C^H,MeCi(OEt). 
(c. 215°). S.O. 19 1*131. From (j8)-chloro-nitro. 
toluene in the same way as the preceding (W.). 

Di-chloro-p-cresol 0jH,(CH,)Cl3pH) 

[39° uncor.]. Formed by passing chlorine into 
boiling p-crcsol (Claus a. Riemann, B. 16, 
1598b Long prismatic needles. Sol. alcohol 
and ether, si. sol. hot water. By GrO, in acetio 
acid it is oxidised to di-chloro-p-oxy-benzoio 
acid [166° uncor.].— A'NH,: long colourless 
needles [125°], sublimable. 

I)i-chloro-7n-croBol CflH3(CH,)Clg(OH); pro- 
bably [1:4;0:8]. [46° uncor.]. Formed by chlo- 
rinating w-cresol (Claus a. Schweitzer, B. 19, 
930). Colourless needles. Volatile with steam. 
V. e. sol. alcohol, ether, (ko., sol. hot water, 
nearly insol. cold. It is oxidised bj* K^CijO, 
and dilute HjSO, to di-chloro-toluquinone 
[103°], 

Di-chloro-o-cresol 0^s,(C]^)Cl3(0H) 
[l:6:3or4:2] [64° uncor.]. Formed by of!oi. 
ination of o-oresol (C. a. B., B, 16, 1600). 
Large colourless needles. V. sol. alcohol, ether, 
‘benzene, chloroform and G8„ sol. hot water, sL 
sol. cold water. By CrO, and glacial acetic 
acid it is oxidised to a mixture of di- and tri- 
ohloro-toluquinone. By KjQrjO, and dilute 
HjSOj it is oxidised to mono-chloro-toluquinone 
[90°] PauB a. Schweitzer, B. 19, 927). 

Ba»)-Di-ohloro-o-ore8ol G,H,(CHC1,)(0H1 
[1:2]. p2°]. From salftylio aldehyde (1 mol.) 
and PGL (1 mol.) (Henry, B. 2, 136). Prisms 
(from etner) ; v. sL sol. cold alcohol. * 

Pkosphorjyl derivative 
PO(O.CjH,.CHCl3),. r78°]. From salicylic alde- 
hyde and EGlg (Stuart, O.V. 63, 402). Needles 
^om alo^ol). Not affected by^bo^M^i^tUute 

From 0,H,(OMe)qHO [!:!»] anrPOI, (Stuiurt, 
0. /. 88, 40 1). on. Decomposed iQJ||^ ^ 
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Tri^oro^MBol C^(CH,)01,(0H). [96®]. 
(370®). One of the products of distillation of 
crude penta*ohloro-th^ol (Lallemand, J. 1856, 
630). OiyttaU; insoi. water, sol. alcohol and 
alkalis. 

Tetra-ohloro-cresol 0«(CH,)C1,(0H). [160®]. 
Obtained by distilling pure pen ta-ohloro -thymol 
(L.). Needles. * 

tepHLOBO-CBOTONIC ACID • 
CH,.CH;CC1.C0..H. t97'5®]. (206®)(Kahlbaum,B. 
13, 2336); (212®) (Sarnow). S. 1*97 at 12® 

• (K.); at 19® (Michael a. Brown, Am. 
9, 283). 

Fortmftbn . — {. Prqpi tri-chloro-butyric alde- 
hyde by oxidation ariO treatment of the resulting 
tri-chloro-butyrio acid with zinc an4 
(Kramer a. Pinner, A. 168, 37) or with zinc-dust 
and water (Sarnow, A. IG^, 93; B. 4, 731; 
6, 467).— 2. By boiling tri-chloro-butyric alde- 
hyde (29 g.) with K,FeCy„ (42 g.) and water (500 g.) 
(Wallach, B. 10, 1630).— 3. From^olid crotonio 
aoid by addition of chlorine fc^oXved by l^ating 
the product CHj.CHCl.CHCl.CO,H (Friedrich. 

A. 219, IVB).— 4. From chloro-butenyl alcohol 
(g. V.) by oxidation.— 5. By the action of cold 
aqueous NaOH upon the liqufdaZZo-o/S-di-chloro- 
butyrio acid (the addition product of isocrotonio 
acid and Cl) (Wislicenus, B. 20, 1009). 

Prqperftss. — Small flat needles ; may be 
sublimed. Volatile with steam. Not attacked 
by alkalis below 220®, at which temperature 
acetic and oxalic acids are formed, together 
with COj and a syrupy acid (P.). Keduced by 
sodium-amalgam to crotonic acid. 

Salts.— A'K: pearly plates or tables (from 
80 p.c, alcohol) ; nearly insol. absolute altohol.— 
NHfA^; laraincs.- CoA'.^— BaA'j ; lamina.— ; 
PbA', aq.-CuA',: needles.— CuA'(OH) : amor- | 
phous. — AgA': needles. | 

Methyl ether UeM, (161®). S.G. 4 1*0933 

1*4.589 (Kahlbaum, B. 12, 344). 

Ethyl ether JLtk\ (177^ uncor.). S.G. 1^ 
1*129. From tri-chloro-butyric aldehyde and 
alcoholic KON (Wallach a. Bohringer, A, 173, 
801, cf, Claus, A. 191, 63). Turns brown in 
light.* 

Heactions,—!, Treated with KCN (2 mol.) 
and boiling alcohol i^ forms a product whence 
filing KOH produces tri-carballylic acid (Glaus, 
I, 191, 64) and crotaconic acid, 0,11,(00211).^, 
isomeric with itaoonic acid. The tricarballylio 
acid is formed through addition of HON to the 
crotaconic acid. — 2. With KON (2 mol.) a«d 
dilute alcohol in tbs cold it forms potassic 
oyano-crotonate (q.v.) only. 

Ohloride^Hs,CE:CC\.COCl, (142°). (8.). 
Amide CH,.CH:0C1.C0.NH.2[112®] (P.a. K.); 
[107®] (8.). (c. 236°) (S.). From the cyanhydrin 
of tri-chloro-botyrio aldehyde and alcoholic NH, 
or dry a***^*^*^him dUrbonate (Pinner a. Klefti, 

B. 11, 1488). Also from the chloride and NH, 
(S.). Laminis; may be sublimed. • 

Nitrile CH,.CH:OaON. (136®), From the 
amide and P,Ot (8.). 

Af2o-a-chlor<H3rltQttioaoidCIl,jCH:OC1.00jB!. j 

{67°]. 8. 6*53 at 19®. Ponned by the action of | 
an excess of aqueous NaOH upon a3-di-chloro- 
butyric acid [63®] at the ordinary temperature 
(Wislieenns, B. 20, 1009; Michael a. Brown, 
Am. 9, 283). Slender Seedles (from water). 
More so uble in water than any of the ether 


! chloro-orotonic acids ; si. sol. cold ligroln.— 
A'K : concentric needles; v. sol. absolute alcohol 
(difference from the a-aoid, whose K-salt is nearly 
insoluble).- BaA'j 8|^aq: orystalk, si. sol. al- 
cohol. — PbA'jaq; prisms, sbsol. wat#.— "AgA': 
amorphous 

^-Chloro-orotonic aoidL CH3.GCl:GH.OOjH. 
[94*6®]. (o.r209®). /I. 1*9 at 19® (Michael a. 
Brown, Am, 9, 28iol 2*25 at 12® (K.) ; 2*? at 
19® (A.). ^ 

Formation. — 1. The uhloride of this acid is 
formed together with thal of alZo-3-chloro- 
orotonio acid by the action oi excess of POlj on 
aceto-aoetio ether. The mixed* chlorides are 
saponified by water and the product distilled, 
whereupon is-ohloro crotonjp a^d passes over 
first (Geuther, Z, 1871, 237).— 2. From tetrolio 
acid and fuming HOI (^Friedrich, A. 219, 370). 

Properties.— SlenAr monoolinio needles ; 
a:6:c = 1*2859:1: •6U05; i3»73® 9'; volatile with 
steam; may be sublimed at 100°. At 16(P it 
slowly changes into alio-i8-o)}loro-orotonio acid. 

Reactiom. — 1. Sodium amalgam gives oro- 
tonio acid.— 2. Boiling aqueous potash (7 p.c.) 
gives tetrolic aoid (K.).— Stronger potash (18p.o.) 
gives chiefly acetone.— 3. Sodium ethylate gives 
the same ethoxy-crotonio acid as is got from 
aZio-/3-ohioro-crotonio acid. 

Salts.— NaA' -^aq: thin laminae, v. e. sol. 
water.— BaA'j ; trimetric octahedra. S. 46 at 18®. 
— GuAjaq. 0^ 

Ethyl ether EtA'. (fB4®oor.). 8. G. 
1*111 (G.). 

I • i4lio-/9.chloro-crotonio aoid 
GH,.GC1:CH.C02H. [59*6°]. (195® cor.). 8. M2 
at 7®. Formed from aceto-acotic ether as above 
described (Geuther a. Frohlich, Z. 1809, 270). 
Formed also by heating the preceding acid for 
20 hours at 160® (Friedrich, A, 219, 3G3). 

Properties. — Sloni^r needles or prisqis ; vola 
tile with steam; sublimes even at 20®. Not 
affected by boiling aqueous KOH. 

Reactio'ns. — 1. Alcoholic KOH converts it 
into the eth/l derivative of aZZo-j3-oxy-crotonio 
acid.— 2. Cone. KOHA^forms acefbne and 00^, 
a small quantity of tetrolio aoid [75®-77®] 
being also formed (Friedrich, A. 219, 341). Di- 
lute KOH behaves similarly, but the tetrolic acid 
is the chief product^ 

Salts.— NaA' ^aq : satiny crystals, v. sol. 
water. — KA'aq. — TIA' ^aq. — NH4HA'3 aq. — 
CaA'j 3aq. — BaA'j 2aq : four-sided prisms. — 
MgA'j6qq.— ZnA'j2^aq.— PbA'„4aq.— MnA'22aq. 
— CoA'jGaq.— NiA'j 6aq.— CuA', 1 jaq.— AgA'. 
g Methyl ether MeA'. (142® cor.). 8.0, 
1^1*143. 

Ethyl etter.Eth!, (IGl® cor.). S.O. M 
1*118. Boiling alcoholic KON followed by KOH 
converts it q;ito tri-carbalMio Jloid^Olaus a, 
Li8ohke,B.14,1089). • 

Isomeride of obloro-crotqjBM aoid v. Chlobo- 

METHAOBTLIO AOID. ^ 

a3-Di-ohloro-orotonio aoid 
OHvOCh^rClOOjH. From ooiS-tri-ohloro-butyric 
acid (1 mol.) and EOH (2 mols.) (tlarzarolli, B. 
9 , 120^. • a * 

a-OKLOBO-CBOTONIC AIDBHYDB 
OHj.CH;C01.CHO. (148°). Formed, together 
with tri-chloro-butyric aldehj^, by chlorinating 
aldehyde containing alcohol (JEinner,.i. 179, 81). 
Formed i^to by heating the hydrate of ohloro- 
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aoetio aldehyde with aldehyde and a drop ol 
fuming HOI at 100® (Lieben a. Zeisel, M. 4, 631). 
Liquid. Goqibines with chlorine forming tri- 
chloro-kutyrio aldehyde. Br gives ohloro-di- 
brorao* and chlofo-tri-bromo- butyric aldehydes 
(Pinner, D. 8, 1323). • . 

ay- Di-ohloro-hutyrio aldehy^ 
CH,C1.CH:C01.0H0. (^®) at 18 mm. Gradu- 
ally separates as an oil when the hydrate of 
chloro-aceti# aldehyde is heated with a drop of 
HjSO^ at 100® (Natterer, M. ^ 639 ; 6, 667). 
Oil; solidifies ewhen cooled with solid CO^. 
Forms a qrystalline compound with NaHSO,. 
Reduces warm ammoniacal AgNO,. Reduced by 
iron filings and acetic acid to n-butyl and butenyl 
alcohols. Olidiifed by HNOj to oxalic and chloro- 
acetic acids. Br forms a7*di-chloro-a3-di*bromo- 
butyrio aldehyde. H(JJ gives tri*chloro-butyrio 
aldehyde. ZnEtj followed by dilute H2SO4 gives 
^ di-chloro-hoxenyl alcohol CaHuCip (0. 117®) 
at 20 mm. 

CHLORO-CBOTOmfL-IJREA 
CH,.CH:CCl.CO.NH.CO.NH,. [224®]. The chief 
product of the reaction of the cyanhydrin of tri- 
ohloro-butyrio aldehyde with urea ; the yield is I 
about 60 p.o. Rhombic tables. Sol. alcohol, el. 
sol. water. On heating it evolves IICI and is 
converted into di-oxy-ethylidene-metapyrazole 
CH,.CH:0.N^ 

I ^C{OH) (Pinner a. Lifschiitz, B. 
(H0)G:N/ #• 

20, 2347). 

CHLORO-CROTYL v. CuLono-norKNYL. 

• CHL0R0-4^-CRMENE C,H,(CH,),C1 [l:f:4:0]. 
[71®]. White plates. Formed by the action of 
cuprous chloride upon diazo-pseudo-cumene 
(Haller, B. 18, 98) or by warming the piperidide 
of diazo-j'seudo-cumene with cone. HClAq (Wal- 
lach a. He.>sler, A. 248, 232). 

t^-Chloro n-cumeus CjHuCl i,e. 
C.H,.CH,.CHi,CH,Cl. Chloro -propyl • benzene, 

(il9®). From 0„H,,OH,.CH,,.CH OH and HCl 
(Errera, G. 16, 810). Oil. Not aft'ectod by fused 
ZnCL nor by AgOAc. Alcolmiic KOH gives 
C,H..O,H«.OEt (22(JP). 

«.Chloro.»t.OTimene C,H,.CH,.CHC1 .CHh. (c. 
206®). From 0,H6.CH,.CH(OH).CH, and IlCl 
(E.). Formed also by chlorination of n-propyl- 
benzene (Errera, Q. 14f 600). Partially decom- 
posed by distillation into HCl and allyl-benzone. 
Alcoholic KOH also forms allyl-benzone, as does 
ZnCL likewise. 

R-Chloro-n-oumono C,H5.CHCl,®H;,.CHj. (0. 
203®). From the corresponding phenyl-propyl 
alcohol and HOI (E.). Partially resolvodlby dis- 
tillation, even in*vacuo, intp HCl and allyl-benz,- 
. ene. AgOAc forms 0„H,.QH(OAo).CH,.CH,, (227®). 
^La^-CFMINie OjgH^ClO, 




C,lCC6l5ci.C©3 [4:3:1]. ft23®]. Formed bv 
oxidation by HNO3 of the chloro-cymene froih 
thymol anf^L (Geriohten, 11, 866 ; Fileti 
a, Crosa, G. 16, 288). Long needles (from dilute 
alcohol). Reduced to ouminio acid by sodium- 
amalga^i.— BaA'j 8aq : pearly pktes. 

CHLORO-OUMOQUig^OIilNS v. CnLORO-xM> 

PROPVL-QUIl^LIKB. 

OHLOEt-CTANAHIDB v. Amubune. 
OHLOBO-CTAHO-BBNZBRX V. NitriU of 

' ClILOnO-BlUliOIO ACID. _ 

CHLOEOil CYANO-NITRO-METHARE 
‘-<IClCy,(NOd. ^’orraed by warming ohloropiorin 


with alcoholic KOy (Basset, 0. X 19, 852). 
Silver nitrate solution gives an orange pp. d 
" '’'',)4SCClCy3(NO,). 

._l6eO^Y1IENE 0,oH„C1 i.e. CaHjMePrOl 
[1:4:2]. (210®). S.G. ^ 1-014. From carvaorol 
and PClj (Kekul6 a. Fleischer, B. 6, 1090). 
Formed also by chlorination of oymene ^rom 
camphor) in presence of iodine (v. Geriohten, 

B. 10,1249). Oxidised by dilute HNO, tj^chloro- 
toluio acid [196®]. 

Chloro-cymene C„H,MePr01 [1:4:3]. (218®). 
From thymol (4 mols.) and PClj (1 mol.); tne 
yield being 85 p.c. (Carstanjen, J*pr, [2] 8, 64; 

V. Geriohten, B. 10, ,1260 ; lir866 ; Fileti a. 
Crosa, O. 16, 287). 'No(> affected by sodium 
amalgam (P. a. C.). Oxidation gives chloro- 
cuminic [117®], ohloro-toluic [149®], and chloro- 
terephthalic, acids. 

w-Chloro-cymene 0gH4Pr(0H201) [1:4]. Cwnyl 
eldwide. (0. 227°). Formed by passing chlorine 
into boilj^ig cymene (Errera, G. 14, 277). De- 
cciuposod by* long boiling with formation of 

C, J1..4. Alcoholic KOH gives 0,oH„OEt. Sodium 
amalgam reduces it to cymene. Billing aqueous 
Pb(NOj)2 gives cuminic aldehyde. 

A;.TO-chloroloymene C4H,(0,H4Cl)Me [1:4], 
Two compounds of this nature are formed, to- 
gether with the preceding body, on passing chlo- 
rine into boiling oymene (derived from camphor). 
One of them is not attacked by alcoholic KOH, 
while the other is converted into allyl-toluene 
C,H,(0,H,)Me (Errera, G. 14, 283). 

w-Chloro-p-isocymene C3H4Pr(CH.,Cl) [1:4]. 
Cumyl chloride. (0. 230°). Formed, together with 
cumyl carbamate, by passing cyanogen chloride 
intb cuminyl alcohol C„H4Pr.CH;OH (Spica, G. 
6, 394). Formed also by the action of HCl on 
cuminyl alcohol (Paterno a. Spica, G. 9, 397 ; 
B. 12, 2366). 

®a>-Di-chloro-cyineiie 0,114(0^3, ).(CHCl2). Cu- 
mylidene chloride. (0. 258°). From cuminic 
aldehyde and PCL (Cahours, A. 70, 44 ; Suppl 
2, 311 ; Sioveking, i. 106, 258). Reconverted by 
alcoholic KOH or by heating with water at 160° 
into cuminic aldehyde. 

Tetra-chloro.7M-i80oymene C^CLikMe [1:3], 
[169®]. Formed by passing chlorine into a cold 
saturated solution of tri-chloro-isocyinene sul- 
phonic acid at 40® (Kelbe, B. 16, 617). ^edles 
(from alcohol) ; may be subumed. Not oildised 
by HNO, or chromic mixture. 

TRI-CHLOEO-w-ISOOYMENE SULPHONIC 
ACID C„Cl,PrMe(S03H). From tn-isooymene 
sulphonic acid by passing Cl into its aqueous 
solution at 40® (Kelbe, B. 16, 618).-^NaA'; 
laminsB. • 

CHLORO-DECANE r. Deovl ohloridi. 

•HI,OKO.»ECYI.EllE 0,.H„01. (206° oor.). 
From Cl and boiling decanaphthene (Markoymi- 
koff a. Ogloblin, J. R»6, 883). Alcoholic KOH 
gives a mixture of decinenes 

TlftEA-CHLOEO-DURENE C^H^fCEjOl), 
ri-2-4-6] [144®]. S.G. 1-479. Formed by heat- 
ing durene v/ith excess of PCL at 190® for 6 hourt 
(Colson a. Gautier, 0. 102, 1076 ; Bl, [2] 46, 

198). ^ 

DI- CHLORO -EOSIN v. Di-ohlobo-titbi- 

BBOMO-FLUonEBCBlN. 

CHLOEO-ETHANE v. Ethyd ohloridi, 

Di-obloro-etl^ne v. Etuyleab ohlojuds aa4 

EtUYUDSNB OHIiOBlDH. 
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Tri-oWoro-etliane CHaC1.0H01,<. OJHorosthyh 
ent chlorids. (114«) (Sohiff, A, 220, 97) ; (116°) 
(Perkin, 0. J. 46, 631). V.D. 4-68 (for 4-60). 
S.G.^ 1*4677; ^1*4663; 1*4430. M.M. 8*796 

at 16*7®. O.E. (from 9° to 118°) *00121. H.F.p. 
88980 (Tfc.). H.F.y. 82820. S.V. 102*77. 

Formation.— h Prom chloro-ethylene (vinyl 
chloride) and SbOl, (Regnault, A. Ch. [2] 69. 
161 ; il, 366).— 2. From ethyl ohloridd and Cl 
(Kramer, B. 3, 261).— 8. By chlorinating ethyli- 
dene chloride in presence of AljClj (Tavildaroll, 
•J5. 13, 2408).- 4. From CHClj,CHjOH and PCI, 
(de Lacre, O.Ji. 104, 1186). 

Reactions^!. Aqu^otis or alcoholic ammonia 
gives a theoretical ^deld of C.,HXlj (37°) (Kngel, 
C. R. 104, 1621) ; alcoholic KOH forms the lame 
body. — 2. Sodium forms CoH^, CoH.^CL, C^H^, 
and hydrogen (Briinner a. Brandenburg, B. 10, 
1496; 11,61). 

Tri-ohloro-ethane GHj.COl,. (76^ (Perldn); 

*53. S.GTi.^ 1-3247; 


OHLORd-ETHANE. 

Hexa .Sbloro- ethane 


C01,.00L. [179^ 

(Geuther a* Brookhoflf,*/* pr. [2] 7, 108) ; [186® 
cor.] (Hahn, B. 11, 1736). (186^ cor.) (H.). S.G. 
2*0 feohrOder, B. 18, 1070). V.D. 8*16 (calc. 8*21). 

Formation. — 1. From CjCL and 01 » daylight 
or by heating^araday, Tr. 1826, 47 ; Liebig, A. 1, 
219). '•'2. The ultimate product of the chlorina- 
tion of ethyl*chloride (Laufent, A. Ch. [2J 84, 
or ethylene chlpride (Farada 


328) 


(Faraday), and hence 


(74*5°) (Geuther). V.D. 4 .. 

|| 1*3114. M.M. 6-740 at 17-0° (jerkin) 


‘?1-:M7 


fonnod«in the chlorination of most ethyl com- 
pounds in sunlight (Begnault, S. Ch. [21 69, 
106; 81, 371^ Ebelmen a. Bouquet, A. CA [3J 
17, 06 ; Malaguti, A. Ch. [3] Ife, 0, 14 ; Geuther 
a. Hofacicor, A. 108, 61). — 8, Bytpassing CCl, 
through a red-hot tube (Kolbe, A. 64, 147) or 
over lincly divided copper at 120°^RadziszewBki, 
B. 17, 834) or silver at ISO'^ (Goldschmidt, B. 
14, 928).— 4. From AcCl and PCI* at 180® 
(Hubner a. Muller, .K.el870, 828).— 6. Ultimate 
product of the actioij of PClj on succinic acid.— 
0. By heating propane, propyl chloride, or ifo- 
butyl chloride and ICl, at 200° (Krafft a. Mere, 
B. 8, 1298). — 7. From propimiic acid and ICl, 
[Krafft, B. 9, 1085).— 8. By chlorination of boil- 

V..* /\T «. J 11Q 


(Pierre, .4*80,127). Formed by chlorinating . , 

ethyl chlonde (Regnault, A. 33, 317; Geuther, ing butyric acid in sunshine (Naumann, 4. 119, 
J. 1870, 436). Converted by NaOEt at 100° into I 120).— 9. Together with C,C1« and CCl, by heat- 
OH,:CCl(OEt), acetic acid, and ortho-acetic ether , ing chrysene with PCI5 (Ruoff, B. 10, 1234). 
CH,.0(OEt)j. Differs from its isomeride in ! Properties.— I&hles (from alcohol-ether); 

forming, wnen cooled, with aqueous H,S, a crys- smells like camphor. Trimorphous, crystallising 
talline compound CjH,Cla2n,S 23aq (Forciand, ; in tlie cubic, trimetric, and triolinio systems 


4. CA.[6]28,25), 

tt-Tetra-chloro-ethane CII.Cl.CClj. (135°) 
(Begnault); 139° (Pierre, 4.80; 130) ; (130-5° i. 
V.) (Staedel, B. 16, 2663). S.G. s 1-611G (P.) ; 
1* 1-676. Formed by chlorinating ethylene chlo- 
ride (Laurent, 4. 22, 292) or CHCl.CHCIi (R.). 
With NaOEt it gives CHCl:CCl(OEt) and 
C]^(OEt).C02Na. HjS gives C,H,C1,2H.,S 23a(i. 
s-Tetra-chloro-ethane CHClj.CHClj. Acetyl 


(Lehmann, J. 1882, 309 ; Z. K. 0, 580). Insol. 
water, sol. alcohol and ethl# When its vapour 
is led through a red-hot tube 0,01, is formed. 

.Reactions. — 1. Alcoholic potosa at 100°, con- 
verts it into oxalic acid (Berthelot, 4. 109, 118). 
Solid potash at 200° does the samo (Geuther, A. 
Ill, 174).— 2. Boiling with NaOF.t underpressure 
gives C,Cl„ CCl,:CCl(OEt), CHCl,.C(OEt)j, and 
r I CH2(OEt).CO...Na (Geuther a. Brockhoff). Zinc 


land 'dilute ilM do the same. - 3.' Finely 
® at 280» Jlso giv«_B C,CVf 4. SO. 


(P. a. P.) ; § 1-6897 (Kaconnikoff) 

Formation.— 1. By passing acetylene into 
SbCl,, which slowly absorbs it and deposits 
OgHjSbClj, the mixture of this body with SbCl^ 
is then distilled (Berthelot a. Jungtieisch, G. B. 
79, 6427.-2. By passing acetylene into PCI,; 
explosion often occurring (Sabanejeff, 4. 210, 


at 150° forms CCI3.COCI and CQCl.; (Prudhomme, 
4. 150, 342 ; Armstrong, Pr. 18, 502).— 5. AIJ, 
i forms C^Cl^, A^jCl^, and iodine (Gustavson, B. 9, 
i 1007). • • 

CHLOKO-ETHANE TIft-CABBOXYLIC ACID, 
Ethyl ether (C02Et),.CCl.CH,(C02Et) 
(205°-215°) at 100 mm. From ethane tn-carbo- 


c^ula 
(CSisoi 

^-ohloro-acetic aldehyde and PClj (Patevnu a. 
Pisati, a. 1, 461 ; J. 1871, 608). 

Properties . — Not affected by boiling water. 
Slowly decomposed af 360° giving HCl and 
hexa-chloro-benzeiie. 

Penta-chloroejthane CHCI2.CCIV (158-9°) 
(Thorpe). S.G. J 1-70893. C.E. (0°-10°) 
•000949 ; (0°-100®) 0009944. S.V. 13f^2. 

Fonnaiion. — 1 . Fj^m chlorine and EtQl 
(Regnault, 4. 33, 821).— 2. By chlorinating ethyl- 
ene chloride (Pierre, 4< 60, 130). « 

Preparation.— PCiMOg.) is gradually added 
to chloral (118 boiled with inrerted condenser 
and distilled. l^rtion distilling below 170° 
is washed with watef, dried with Cj^., and recti- 
“ “ md; C. R. 


hed. The yield is small (Patem« 
4^ ; Thorpe, C. J. 87, 192#. 


08, 


) ; Thorpe, U. J. 37, vn,. 

Proper^.— Liquid, solidifies below -18°. 
Converted by alcoholic KOH into Kd ood CJCI4. 
PCi» At 260° gives 


forms 
form 

malic acid.— 3. KOH and 07 p.c. alcohol appear 
to form (CO..Et)...C(OEt).CH-.C0.2Et. 

a-CHffOKO -ETHANE SVLPHONIO ACID 
C^.CHCl.SO,H. Its sodium salt A'Na is formed 
by^ieating etliylidene chloride with solution of 
NaBO, tt 140°.* This salt forms plates, soL 
alcohol (Bunte, A. 1*7(L 317). 

iS-Chloro-cthane sulphonio aoid«» % 

cii.ci.cn2.so,fi. • * 

Formation.— 1. By the action of fuming 
HNO, on CN2Cl.CH,.SCy (Jafhdfc, J. pr. [2] 20, 
353K — 2. By boiling its chloride with water 
(Dittrich, J. pr. [2] 18, 67 ; Kolbe, 4, m, 88).— 
3. From (CH2Cl.CH,)aS2 and HNO| (lipring a. 
liccreftier, Bl. [2 J 48<b629). « * V 

Properties.— Very deliquescent needles. Not 
decomposed by boiling water. Heated with ofn* 
num/M in sealed tubes at 100® forms taurine, 
CHa(NH2)CH,SO,H. # 

8aU8.-(k Htlbner, 4. 223, 218; Jaints^ 
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fll 


/,»r.t8326,882; O.J.48,41).-NH,A';«--NaA.'aq. 

: needles, insol. alodhol.— BaA', aq (11.).— 
BaA', 2aq ; needles (J.).— PbA'j 2aq,— -OuA'a 3aq 
(H.).— CuA'a^aq : triclinio tablets (J.).— ZnA'a4aq 
(H.). — ZdA'a Gaq ) plates (J.). — MgA'j 4aq.— 
SrA'a 2aq : needles.— MnA', 4aq.— J’eA'a 4aq.— 
MMeHA' : plates (from alcohol). * 

OAIofide.-Clf,Cl.CILSOaCl »(200°-205°). 
From potassio isethionatoiand PCI-, (Kolbe, A. 
122‘,3§. Alsafrom SOaCl.CHa.CHa.SOjCl and 
PCI4 (KOnigs, B, 7, 1163). It is om of the pro- 
ducts of the action of SO, on ethyl chloride 
(Purgold, D. 6. 5OS7. Oil, smelling like mustard. 
Does not giv® an amide with ammonia, or an 
ether “Vhen heated with alcohol. PClj at 200® 
gives ethylene^hloride. 

Dl«ohioro*ethane sulphooic acid 
C2H,C1 ,(SOjH). From ethane sulphonic acid 
and IClj (Spring a. Witssinger, D. 15, 446). 
Converted by baryta into cjiloro-isethionio acid 
0^,C1(0H)(S03H). Ammonia at 100® gives 
chlorinated taurine. 

CHLORO-ETH^YL-TRICABBOXYLIC ACID 

V. OHtOBO-KTnANR-TRICARnoXVLIC ACID. 

CHLORO-ETHER -y. Ciiloro-kthyl oxide. 

CHLORO-ETHULMIC ACID CJI„C10,. A brown 
amorphous body formed by adding sodium to 
chloroform containing alcohol (Hardy, A. Ch, 
[8] 65, 340). 

CHLORO-ETHYL-ACETAMIDE n. Chloko- 

KTHYLAMINR. 

w-CHLORO-Eim ACETATE CH3.CHCl.OAc 
V. ALDEnYDB. 

fluChloro-ethyl acetate Cn 3 Cl.Cno.OAo^f?. 

ChLOBO-ETHYL ALOOnOL. 

Other Chloro-othyl acetates t\ Acetyl deriva- 
tives of the corresponding ciiloro-etuyl alco- 
BOL 8. 

CHLORO-ETHYL.ACETO-ACETIC ETHER 
C,H„C10, U Cn,Cl.CO.CHEt.CO„Et (102-5® 
oor.). S.O. ^ 1*052. A product of action of 
PClj on ethyl-aoeto-acetic ether (Isbert, A. 234, 
187 fc/. Conrad, A. 180, 211). Oil, smelling of 
peppermint. Sol. alcohol or ethefr.^ With dilute 
HCl at 18(5® it gives mono-chlorinated methyl 
propyl ketono. With^JaOEt (1 mol.) in alcohol, 
it gives rise to ethoxy-cthyl-aceto-acctio ether 
CH,(OEt).CO.CHEt.CO,Et (210® cor.). S.O. « 
•957. Alcoholic KOH at 120° converts it into 
EtO.CHa-CO.CHjEt. • 

Di-chloro-ethyl-aoeto-acetic ether CgHijCljOi. 
(220®-226®). S.G. 1*183. Formed at the same 
time as the preceding. ^ 

Chloro-di-ethyl-aceto-acetic ether 
CH,Cl.C 0 . 0 Et;.C 03 Et. S.O. 1*063. PCI. has 
no aotiop on di-othyl>aceto-acetio ether, evA at 
100®, but at a higher tempefature HCl, EtCl, 
ethyl-chloro-crotonic (chipro-hexenoio) ether, di- 
ethyl-cliorcMiceto-acetio ether, and di-ethyl-di- 
ehloro-aooto*llceti(f ethers are foAied. The pro- 
du^ freed from PCI. by distillation, is then 
poured (nto l^tor and mstille^ with steam 
(James, 49, 60; A. 231, 236). Di-ethyl- 
^hldro-Metp^ooetio ether is a liquid, which is 
eohyeiftd ^ treatment with sodium methylate 
WeONai idW J3H,(OMe)£IO.CEVCO,Ef and 
CHj(01de).P0.OTMeBt (181®). 8 . 0 . 211 -866. 

jii.(|hloro*df ethyl-aoeto-aoetio ether 
CHCl,.00,CEVC0JBt. S.O. 22 1*166. 'One of 
the products ^ the action of POl, on di-ethyl* 
«oeto.aooti« ether. Oil, with pleasant smell* 


Miscible with alcohol and with ether. Converted 
by NaOMe into CH(OMe)^CO.CEt,.COjEt (0, 
196®) and CH(OMe)..CO.CHEt, (134®). S.G. U 
•880 (James, C. J. 49, 67). 

«.CHL0R0.ETHYL ALCOHOL CH,.CHC1.0H. 
Ethyliden^ chlorhydrin. (25®) at 40mm. An un- 
stable body formed by combination of aldehyde 
with HCWn the cold. It changes spontaneously 
into * etHylidene oxy-chloride ' or di-chloro-di- 
ethyl oxide (Hanriot, A. Ch. [5] 26, 219), v.’Alde- 
hyde, vol. i. p. 104. 

Acetyl derivative CH3.CHCl.OAc. (121*5° , 
oor.). Formed by combination of aldehyde with 
acetyl chloride ; v. Aldehyde, vaJ. i. p. 105, 
where other alkoyl derivetivt^ are described. 

Methyl derivative CH3.CHCl.OMc. (c. 
74®^ S.G. *990. Formed by passing HCl 
into a well-cooled mixture of aldehyde (1 vol.) 
and methyl alcohbl (1^ vols.) (Riibencainp, A. 
225, 200). 

Ethyl derivative CH,.CHCl.OEt t>, 

ClILOim-DI-AnYL OXIDE. 

CniloTO-ethyl‘*alcohol CjHjClO i.c. 

CH..C1 CH-PH. Ghjtol chlorhydrin. ^ol.w.SOJ 
(12S®-131®). S.G. 2 1*2233. 

Formation.— 1. By repeatedly saturating 
glycol with HCl and distilling the product 
(Wurtz, A. 110, 125 ; cf. Schorleramer, C. J. 30, 
143). Besides the pure product (128®) a fraction 
boiling at 100° is obtained ; this fraction may be 
represented as (C^HjClOjjHCl 8aq, and has 
S.G. 2 1-1926 ; by means of KOH (1 mol.) it 
may be decomposed with liberation of the pure 
chlorhydrin (Bouchardat, C. K. 100, 452). — 2. By 
heating glycol with S.,Clj at 100® and extracting 
the pfoduct with moist ether (Carius, A. 124, 
2.57) ; the yield is over 50 p.o. of the theoretical.— 
3. From ethylene and ClOH (Carius, A. 126, 
197 *, cf. Butlerow, A. 144, 40).— 4. From ethyl- 
ene oxide and HCl ; the union is attended with 
disengagement of heat : (CjH^OjHCl)^ 86,000 
(Bcrthelot, G. B. 93, 185). 

Properties. — Liquid, miscible with water. A 
mixture of glycol chlorhydrin (1 mol.) with water 
(4 mols.) solidifies at -17®. 

Reactions.— 1. Oxidised by ohromia^ixlure 
to chloro-acetio acid (Kriwaxin, Z. 1371, 265).— 
2. Reduced by sodium amalgam and water to 
alcohol (Lourenpo, A. 12f),92).-3. Converted by 
potash into ethylene oxide. — 4f With COCl^in 
the cold, reacts thus: CH.Cl.CHoOH-f-CljCO 
= HCl-t-CH2Cl.CH5.0.C0Cl, forming the chlpro- 
othylic ether of chloro-formio acid.— 6. Heated 
with KjSO, and water ^180® it forms isethionio 
acid CHjOH.CHjSOjK-e. Ammonia forms 
oxyethyl-ataine CHJOH.CH2NH.3 together with 
CH.30H.CH,.O.CHyCHjNH, (Wurtz, A. 114, 61; 
121, 22J).— 7. Trimethylamine in aqueous solu- 
tion forms neurine (Wurtz, A. Suppl. 6, 116, 
i«97).— 8. Dimethylamim gives di-methyl-oxy- 
‘ ethyl-amine CH,6H.OH,.NMe, (Ladenburg, B. 
14, 240^, and CHaOH.CH3.0.CH,.CHaNMe, 
(Morley, 0. J, 87, 234). ^ ^ ^ ^ 

Nitroxyl 'derivative CH,C1.CH2.0.N0,* 
ChlorO’ethJ nitrate, (1^°). S.G. “1*378. 
Prom C^StiO^OH, nitric acid, and HaSO*, or 
from OHad.OHjBr and alcoholic AgNO, (i. Oh, 
[4] 97, 267 ; Henry, 0. B- 96, 106^. OU. 

Acetyl derivative GHjChOELpAo. QlytAl 
emract&n, (145j)f S.G. » 1*1788. JTomoliOH.- 
1. Pitmi gl^l, HOAo, and gaseoni HCl at 100® 



93 OHimO-ETHYt AlXOHOL. 


(Simpson, A.112,147).-2.FromCH,On.CII,OAo 
»nd UOl (Simpson, A. 118, 116).~3. From glycol 
and AoOl in the cold (Lourcn<;o, A, Oh. [8] 67, 
260 ; 114, 126).— 4. From chloro-ethyl alcohol 
OHtQ.C1^0H and AcCl (Henry, B. 7, 70 ; De- 
lacre.Bi. [2] 48, 707), orAOjO at 110® (Ladenburg 
a. Demolo, B, 6, 1024). Properties. — Liquid; 
converted by aqueous potash into ethyloy e oxide. 

Chloro-acetyl derivative . 
CH,01.t)B[^O.CO.CH,Cl. (198®). From chloro^ 
ethyl alcohol and ohloro-acetyl chloride (Del acre, 
Bl. [2] 48, 708), or from ethylene and Cl^O 
(Mulder a. Bremer, B. 11, 1958). 

Di-chlor^T acetyl derivative 
OH,Cl.CH^O.CO.CHCl„(811®). S.G. is 1-200 (D.). 

Tri‘ChlorO‘atetyl derivative 
CH,C1.0H,O.CO.CCl,. (217®). S.G. 1-251 (D.). 

Butyryl derivative CHjCl.CH,O.CO.Pr. 
(190®). S.G. ® 1-0854. From glycol, butyric 
acid, and gaseous HCl (Simpson, A. 118, 119). 

Beneoyl derivative CH^Cl.CHj.OBz. 
(260®-270^). From glycol, bcnzoio^acid, and 
HCl at 100® (S.). • • 

wa-Di-cUoro-etliyhalcohol CH,Cl.CHC1.0n. 

Acetyl derivative CHjCl.CHCl.OAc. 
(0.168®). From acetyl -chloride and the hydrate of 
ohloro-acetio aldehyde (Natterer, M. 3, 458). Oil. 
An isomeride (147®) is formed by treating 
GGl,.CHC1.0Ao with Zn and HOAo (Curie a. 
Milliet, B. 9, 1611). 

Di - ohloro - ethyl alcohol CHCl,.CH.^.OH. 
(146® i.V.). S.G. 15 1.146. V.D. 3-93 (calc. 3-97) 
(Dolocre, 0. B. 104, 1184). From di-cliloro- 
acetio aldehyde and ZnEt.^, the product being 
decomposed by water. Liquid, si. sol. water, 
sol. alcohol and ether. Beduces ammoniacal 
AgNO,. Does not dissolve CaCh. Fifming 
HNO, gives di-ohloro-acetio acid. Converted by 
PCI, into CHCl,.CHaCl (115®), and by PBr, into 
CHC4CH,Br (188®). 

Niiroxyl derivative CHCI.^.CH2.N0s. 
Di-chloro-ethyl nitrate. (166° i.V.). V.D. 5-66 
(calc. 6-68) (De Lacre, C. B, 104, 118G). From 
CHC4CH,0H by HKO, and H,SO,. 

Acetyl derivative CHCl^.CH^OAc. Di- 
ehloro-ethyl acetate. (167° i.V.). V.D. 5-74 (calc. 
6-42). H.G. 1-104 (Delacre, C. B. 104, 1180). 

Chloro-acetyl derivative 
0!,Caa.CH,OjC.CH,Cl. (816®cor.). S.G.^n-216. 
Prm^ed by acting with mono-chloro-acetyl 
ehl&ide on di>chlorO'ethyl alcohol on the water- 
bath until > no more hydrio chloride is evolved 
(Delacre, Df. [2] 48,708). 

Di-ehloro -acetyl derivative 
C4CH.CH,0,C.CHCL *(223°). S.G. « 1-26. 
Formed by heating di-ch loro- ethyl alcohol and 
di-chloro-acetyl'diloride together on the water- 
bath (Delacre). 

Tri-chloro-acetyl derivative* 
Cl,CH.CHjO,C.CCl,. (MO®). Formed by the ao-^ 
tion of tri-chloro-acetjj onloride on di-chloro- 
ethyl alcohol (Delacre)." 

Tri-chloro-ethyl alcohol CC1,.CH2UH. [18®]. 
(161®). S.G.MD660. . 

Tne sine salt (C^.GH,.0),Zn is formed by 
the action of ZnlStfon chloral; is decom- 
posed by water into Zn{OH)s and tri-o-chloro- 
ethyl alcohol (Garzarolli-Tbumlackh, A. 210, 68 ; 
Delacre, Bl. [2] 48, 786). It is also formed, to- 
gether with glycuionic acid^,H„0„ by treating 
nrochloralio acid with dilate {KtUs, Z, G, 


20, 161). idygrOBCopio trimetrte tableft ; l|* Ml. 
water, y. sol. alcohol apd ether. HNO, forme 
tri-chloro-acetic aoid. Beduces h.)t Fehling's 
solution. , 

Acetyl derivative ClgO.CH,OAo. (170®). 
S.G. *5 1*189. Formed by di^sting a^ gentle 
heat acetyl cMoride and trichloro-othyl alcohol. 

Cluoro-Otpetyl derivative 
C1,C.CH202C.CH,C1. >220® cor.). S.G. 15 1-25. 
From chJoro-acetyl-cnlorido and tri-chloro-ethyl 
alcohol (Delacre, Bl. [2] 48, 710). a 
Di-chlora- acetyl derivative 
C1,C.CH20,C.CHC1». (231®) ah 767 mm. S.G. 
15 1-2C7. From di-cnloro-acetyl <jiloride and 
tri-chloro-ethyl alcohol. • 

Tri-chloro-acetyl derivative 
C1,C.CHj 02C.CC1,. [26°]. (2a6®).» From trl. 
chloro-acetyl chloride and tri-chloro-ethyl aloo* 
hoi. ^ 

a>aa-Tri-chloro-ethyl alcohol. Acetyl de* 
rivative CHClj.CHCl.OAo. (185®). Fr^ 
AcCl and di-chloro-acctio aldehyde (Delacre, 

[2] 48. 714). • 

Bl - CHLORO • RTHTLAMIDO - ACETIO: 
ETHER C,H„CljNO. i.e. NHEt.CCl,.CO,Et. 
[above 60°J. From NHEt.CO.CO,Et and PCI, 
(Wallacb, A. 184, 76). Needles or prisms. 
Water regenerates NHEt.CO.CO.JEt. Ammonia 
forms ethyl-oxomido. 

p - CHLORO - TETRA- ETHYL - p - DI - AMIDO- 
TRl-PHENYL-CARBINOL 
C,H,Cl.C(OH):(CoH,.NEt2),a % [121®]. Large 
glistening colourless tables. Formed by oxi- 
dation of its leuco-base, the condensation-pro- 
duA of diethylanilino and^-chlorobenzaldehyde. 
Its zinc doublo chloride is a blnish-groen dye- 
stuff (Kaeswurm, B. 19, 746). 

TRI-CHLORO .p -ETHYL-AMIDO.PHEHYL- 
ETHYL ALCOHOL CCl,.CH(OH).0,H,.NHEt. 
[98®]. From chloral hydrate and ethyl-anilinc. 
Crystals (from alcohol) .-^-B'HCl. • 

Nitrosamine CCl,.CH(OH).C,H4.NEt.NO 
[138°]. Crystals (Boesftncck, 5*21, 783). , 
Tri-ehloro-di-ethyUamido-phenyl ethyl aleo* 
hoi CCl3.CH(5H).CJI,.NEt,. Yellow (ril. Formed 
by adding 10 grms. of Zn(5l, to a cold mixture of 
60 grms. of diothylaniline and 20 grms. of 
chloral hydrate, and allowing to stand for 2 days 
at 40®. It is decomposed by alkalis into 
chloroform and n-di-dthyl-amido-benzaldehyde. 
— B'HCl: crystalline solid (Boessneck, B. 19, 
367). 

p-CHLORO -TETRA-ETHYL-p-BI-AMIBO. 
TRI-PHENYL-METHANE 
C«ici.CH(C,H,.NEt2)2. [110°]. Obtained by 
hcaRng together di-cthyl-aniline, p-ohloro-benz- 
aldehyde? and ZifCL (Kaeswurm, B. 19, 744). 
Small colourless neealgs. So), benzene, alcohol, 
and ether, inso^ water. On oxidation i# gives a 
bluish-green dyestuff. * • 

CHLORO-ETHYL-AHINE ^.^Bthyt^kkmh 
amUne, descrioed under ETHTL-AinNii. 

A'Chloro-etbyl-amine C1.CH,.CH,.NH^ From 
vinylamineicnd cono. HGlAq. Formed also by ' 
heating oxyethylphthalimide with, cono. HOI to- 
200 ® (Gabriel, B. ft, 678, ' li49).-SaUi^ 
B'HCL Y. e. loL alcohol, eth% and water.— 
Picrate.— B'O^Hal^^Jaq. Yellow needlei, 
[148® anhydrous]. B'^PtCL .Ontoge platwa; 
V. iol. water, sh sol. aioiSol • ^ . 
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OHLOEO-ETHYL-ANILINE O.H.^ilN U 
t,H«NH.CH 3 .CHjCl. Formed by the action of 
iming HOI at 170° on the compound 0,HoNO, 
erived from • phenyhcarbamic acid {q. v.). — 
tHCl. [1S8°] (Nerairowsky, /. pr. [2] 81, 176). 

p.Chlor5^thyl-aiftlino [4:1] O.H.Cl.NHEt. 
'rom|)-ohloro-aniline and EtBr. Liquid (^o£- 
lann, A, 74, 14S). • • 

l>.Chloro-dl-ethyl-aniliueX4:l] 0,H,C1.NEV 
'rom the preceding and HBr (H.). Liquid.^ 
rJH,Pt 01 a. • 

£eo.CHLORO-ETHYI.BENZENl« 
I,H 40 U( 03 Hj). The4hree oso-ohloro-ethyl-benz- 
nee are obteoxted simultaneously by the action 
f C^j upon 0,HjCl (500 g.)i in presence of 
,LCL (100 gr.). The mixture is au oily liquid 
5.180\ 8.0. *1-068. V.D.4-77. Very vola- 
ile, and of agreeable odour. Sol. ligroin (1 vol.), 
I 8 „ CHClj, and other. S(^. C.H, (2 vols.) and 
Icohol (3 vols.). The proportion of the three 
jonjprides is roughly o: w!p = 7: 10:3. On 
xidation it gives a mixture of the three chloro- 
enzoio acids. Hetted with sulphuric acid it 
ives Bulphonio acids (Istrati, A. Ch, [ 6 ] 6 , 402 ; 
n. [2] 42, 114). 

tf-Chlcrc-ethyl-benzene CH 2 C 1 .CH,.C«H^ (?1. 
0 . 202 °). Formed by chlorinating boiling cthyl- 
lenzene (Fittig a. Kiesow, A, 166, 246 ; c/. 
lohramm, M. 8, 105). Split up by boiling into 
ICl and styrene. Converted by alcoholic KOy 
nto the nitrile of /3-phonyl-propionio acid (?). 

a-Ghloro«ethyl>be 4 iAne GH 3 .GHGl.U 4 H}. 
194°). Formed by the action of chlorine on 
ithyl-benzeno in sunlight, and also on boiling 
ithyl*benzene (Schramm, M, 8 , 101). Formeft 
Iso by passing HCl into cold w-phenyl-ethyl 
dcohol 04 H,.CH( 0 H).CH, (Englor a. Bethgo, B. 

1127). With benzene and Al^Cla it gives s-di- 
>henyl-ethaae (Anschiitz, A, 236, 320). 

Chlorc-dl-etnyl-benzenes CJl, 01 (CaHj) 2 . A 
nixture of chloro-di-ethjt-benzones is formed 
)y treating G.HjCJl with C^H, in presence of 
lljOh^ It is a mobile lii^uid, with agreeable 
)dour. (0.218°). 8.0.21*036. V.D.6-G5. Sol. 
igroln (in all proportions), CSj, "Esther, and 
[IHGL. Sol. benzene (levels.), alcohol (7 vols.). 
3 n oxidation, it gives rise to two ohloro-phthalic 
loids, and ohloro-ethylphenyl methyl ketone 
;C 2 H}). 04 H 3 .C 1 .C 0 .CH, (istrati). 

Chlorc-trl-ethyl-bensenef OaHjChCaH,),. A 
nixture of these substances is obtained by oou- 
;inuing the passage of ethylene into ohloro- 
aenzene in presence of AhCl,. Mobile liquid. 
[248°). V.D. 6-87. Sol. (in all proportions) 
Jther, petroleum other, CS^, and CHOI,. Sol. 
benzene (3^ vols.), and alcohol (30 vols.).^ #n 
axidation with permanganate ittgives a 4 ri-oar< 
boxylio acid, having an inscA. Ba salt (Istrati, 
A, Ch. [6i6, i20). * 

Chk| 0 -tetr^thyl-benzeiieiG,l[Cl(C,HJ,. A 
tnixta]j)Kf isomorides of this oomTOsition is 
formed^# thejfufther action of upon 
OjHjCl 'm presence of AljCl,. Liquid. S.G. 
\ 1022 . ( 0 . 271). V.D. 7-17. V. sol. ether, 
ligroin, OS„ and CHOI,. Sol. benzems (4 vols.) 
and 00 p.o. alcohol (26 volB.),(Istrati). 

Chloro - penta* ethyl - beniene 0«C1(0,H J,. 
Formed by the prolonged action of OgH, upon 
0,H,01 in presence of ALOL The yield is not 
Mobile Ikuid. ad. 2 1*065. ( 0 . 292°). 
W.6-48. V. sol ether, ligroin, OSii and OHOl,. 


Sot. benzene (5.^ vols.) and 90 p.o. alcohol (82 
vols.) (Istrati, A. Oh. [ 6 ] 6, 428). 

Di-ohloro-ethyl-bonzene 0,H,01,(0,H.) [1:4:21. 
8.0. 2 1289. (218°). V.D. 6-24. Formed by 

the action of GjH, upon GiH.Gl [1:4] in pre. 
sence of AljGl,, at 125°-150° (Istrati, A. Ch. [ 6 ] 

6 , 476). Liquid. Sol. benzene (3 vols.) and 
90 p.o. olociiol (9 vols.). Yields a di-ohloro-ben- 
zoio acid qn oxidation. 

w«-Di-onloro-ethyl-benzene G,H 3 .CH,.GGI,H. 
Phenyhdi-chloro-ethane. Formed by the action 
of PCI, on phenyl-acetic aldehyde (Forrer, B. 17, 
982). Heavy colourless liquid. Volatile with 
steam. By boiling with water it Jp converted 
into «-ohloro-Btyrene. * ^ • 

aa^l)i-chloro*di*ethyl-benzeile OtHj.GCl.GH,. 
Aceto^none chloride. From acetophenone and 
PCI in the cold (Friedol, Bl. 1, 7 ; Ladenbur », 
A. 217, 105). Beadily splits off HOI. 

6 >a-Bi-ohloro>di-etliyl-benzene 
OsHi-CHClCHiOl. Styrene dichtoride. From 
styrene and (Alorine (Blyth a. Hofmann, A. 63, 
309). HCcomposedVin distillation. Alcoholic EOH 
give-i 0 ,H 3 CH:CH 01 . . 

Dl-chloro-di-ethyl.benzene C}HjCl(C.Hj)r A 
mixtureof di-chloro-di-ethyl-bcnzenes is obtained 
by treating jj-di-chlor-benzene with CjH, in pre- 
sence of AljCl,. Liquid. S.O. 2 1*179. ( 0 . 247°). 
V.D. 7-17, Sol. benzene (4 vols.) and alcohol 
(1C vols.) (Istrati, A. Ch. [ 6 ] 6 , 482). 

Di-chlor-tri-ethyl-benzene 04 HCl„(C,Hj), 
[1:4:3:5:G]. S.G. 2 1-131. ( 0 . 273°). V.D. 8-77 
(calc. 7-99). Formed by the action of CaH 4 upon 
j 7 -di-chlor-benzene in presence of AI 3 OI, (Istrati). 
Liquid. Sol. benzene (5 vols.), alcohol (80 vols.). 
UNO, gives C,(NO,)CL(C.,H,),. [20°]. (313°). 
H3SO, Jives 0,{S03H).Cl3.(C3H}),. 

Dl-chloro-tetra-ethyl-benzene OgOljlOjH,), 
S.G. 9 1-129. (296°). V.D. 9*26 (calc. 8*96). Pre- 
pared by the action of C .H, uponp-di-ohloro-ben- 
zene in presence of AIjjCIb. Liquid. Sol. 90 p.o. 
alcohol (40 vols.) and benzene (6 vols.) (Istrati, 
A. Ch. [ 6 ] 6 , 485). 

Tri-ohloro-ethyl-benzene C 4 HiCl,(CJJH^). A 
mixture of those bodies is formed by treating 
ChHsCI, [1:2:4] with C,H, in presence of/lCl, 
(Istrati, A. Oh. [ 6 ] 0, 490). Liquid. S.G. 2 1-389. 
(244°). V.D. 7-24. Sol. benzene ( 8 ^ vols.) and 
alcohol (17 vols.). • 

Tri-ohloro-di-ethyl-benzene 0JHCI,(0,H}),. Ik 
mixture of these bodies is obtained by treating 
C-HjCl, [1:2:4] with C,H, in presence of A1,C1,. 
Liquid, greases paper. S.G. 2 1*305. (269°). V.D. 
8*37. Sol. benzene (5 vols.l and alcohol (26 vols,). 

Tri-chloro-tri-ethyl-benzoae C,C1,(C,H}),. 
S.G. 2 1-210. (391°). V.D. Bp (oalo. 8-19). 
Prepared by passing O^H, into a mixture of 
A1,C1, and 0,H,Ol, [l;2:4]. Oil. Sol. benzene 
(5 vols.) and aloob^ (41 vols.). 

• Tetra-ehloro-etbyl-henlsne C,HOl 4 ( 0 ,H,). 
S.G. 2 1-648. ( 0 . 973°). V.D. 7*99 (oalo. B'iT), 
Formed by^reating 0,H,CI [1:3:4:5] with 0,3, 
in presence of Yellowish liquid. Sol 

benzene (64 vols.) and 90 p.o. alcohol (16 vols.). 
HNO, gives > niiro-denvttive [80°] (Istrati, 
d.CA.L 6 ] 6,497). 

cuwH-Tetra-oliloro-ethyl-beniene 
0H01,.CCL0,EL From di-chloro-styiene and 
01 (Dyok 6 rhoiT,B. 1(1638). Liquid. On distil 
lition H splits up into HOI and C01rOOlO||H^ 
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Tetra-chloro dl-othyl-lieiizette 0 , 0 l 4 { 0 *H»), 
[1:8;4:6:2;6J. *6.0. ^ 1‘431. [46«J. (290^). V.D. 
8-44 (calc. 9*07). Formed by treating w-tetra- 
ohloro'benzehe with ethylene and Al^Cl,. Prisms 
(from a i^iiiture of alcohol and benzene). Sol. 
mnzene (7 vols.) and 90 p.o. alcohol (40 vols.) 
(Istrati,i.Ch.[6]6,600). 

PeEta-ohlor 6 .ethyl.ben 2 ene 0,01j(CjHj). [85^]. 
(o.2a7®). S.O.W 1-720. V.D. 9-67 (oalo. 9*29). 
Prepared by submitting OgHClj, in presence of 
CjH*, to th4 influence of Al^Clg. The yield is 
' smail. HCl gas facilitates the reaction and gives 
a better yiel^ White crystals (from alcohol 
with benzenfl)*.* V. sol. <i)ther, CHC1„ ligroin and 
OSj. Sol. benzene TO* vols.) and 90 p.o. alcohol 
<108 vols.). On oxidation with permang^-nate 
it gives OaCla.COjH, which immediately loses 
CO 2 forming O.HClj (Istrati, A. Ch. [ 6 J 6 , 502). 

CHLORO-ETHYL-BENZENE ailLPHONIO 


idene chloride CHj.CHCU (Wurtz a. FranoDl, 4U , 
108, 2241. It is a gas %liimi polymerises in sun* 
shine, onanging to an amorphous mass, S.O. 
1*41, which melts and turns black at 130^ (Bau- 
mann, A. 163, 817). Amnmnia hastno action 
on ohloro-ethylene below 100 °, but at 100 ° it 
formfi ethylene diamine (118°) 

(Engel, Bf. X2J 48, 94). Chlorine unites with 
GHjcCHCl in sunshlbe. 

tt-Bi-chloro-ethylene CH./CCL. ( 86 °). B.O. . 
IS- 1*260. V^. 3*32 (calo. 8*36). •pormed by the 
action of alcoholic KOH on^CHoCl.CHCIj, (Reg- * 
nault, J. pr. 18, 80; Kramer, B, 8 , 261), on 
CHjiBr.CHCl 2 ,or on di-ohloro-iodo-%thane (Henry, 
C. R.97,1491; 98,518). Liquid, with alliaceous 
odour ; changes spontaneous^ igto a crystalline 
isomeride. Chlorine in daylight followed by 
sunshine gives CjClg; direct sunshine gives 0 
and HCl. Does not i%aot with KI. 


ACID CaH,Cl( 02 HJ.(SO,H). Formed by heating 
the mixture of ohloro-ethyl-benzenf s with H 2 SO 4 
at 160°. The product appe^^rs to oon^st of 
several isomerides (Istrati, A. Ch. [ 6 ] 6 , 411). 

JBso-CtLOEO-lTHYL-BENZOIC ACID 
C.H,(C,H,)Cl.CO„H. [115°]. Formed by fusing 
the ketone CjH;c 1 .( 0 ,H,).CO.CH, with KOH. 
White solid ; insol. water ; begins to sublime at 
100°. — BaA', ; small crystals ; insol. cold water 
(Istrati, A. Ch. [ 6 ] 6 . 424). 

CHIOBO-ETHTL CARBAMATE 
NHjCOAH.CI. [115°](G.);[76°](N.). Formed 
by the a'ction of chloro-ethyl-alcohol (glycol 
ehlorhydrin) on chloro-formamide (Gattermann, 
A. 244, 41) ; and of ClCH^.CHj.O.COCl on am- 
monia (Nemirowsky, J. pr. [ 2 ] 31, 174). Colour- 
less, strongly refractive plates, Insol. cold, m. sol. 


hot water. 

TETRA-CHLORO-DI-ETHYL CARBONATE 
(C,H,Cl,)jCO^ Obtained by passing chlorine 
into carbonio ether in diffused daylight, ulti- 
mately at 80° (Cahours, A. Ch. [3] 9, 201). 
Heavy oil, decomposed by heat. 

Fer-cbloro-di-ethyl carbonate (CjCl^J.CO,. 
[ 86 °]. Formed by chlorinating the preceding in 
direct sunshine (Mala^ti, A. Ch. [3] 16, 30). 
Massif needles. Distils with partial decompo- 
sition into CO„ C,G1«, and CCl,.COCl. Solution 
in alcohol converts it into carbonio and tri-chloro- 
^tic ethers. - Aqueous KOH gives potassium 
OTxnate, carbraate, and ohiorido. Gaseous or 
aqueous ammonia forms tri-chloro-acetamide 
(Gerhardt, TraiU, 1, 166) and a substance melt- 
ing at 37°. 

CHIORO-ETHTL-CROTONIO ACID 0«H,G10,. 
Ghloro-hexenoie acid. [49*5°]. (215°). S. *2 

at 1° ; *33 at 12°. Formed, together with ohloro- 
and di-chloro^tiiyl'aeeto-aoeiio ether by the 
action of KJl, upon ethyl-aceto-aoetio ether. 
Neales (from alcohol or ether). Unpleasant, 
pungent odour (Uberli A. 234, 188 ; ef. Demanjly , 
B. 10, 1177). Not reduced by sodium amalgam. 

Salts. — NaA' deliauoscent ^ BaA'- — 


-AgA'. 


CaA'a 2 aq. 8.12 at 19°. Prisms.- 
Ethyl6th«rBik\ (ISf^h 

cklobo-sthu ctahide v, nhhu 


of 


Omidao^f BOKONio acid. 

CHLOROoETHYZiRVS C,H,01 U. CH,:CHCL 
Vinyl chMd$, (-16°). V.D. 2*17, HuF.p. 
-1880 (0%.). aF.T. ^2460. Formed by 
the action of aloohoUo Kw on ethvlene chloride 
OBgaCHflOl (Begnaiilt, JL H on ethyl- 


s-Di-chloro-ethylene OHChCHCl. Acdylent 
dichloride. Mol. w. 97. (65°). Formed^ by 

passing acetylene into cool jb 01 „ the resulting 
crystalline compound CjH^SbClj being decom- 
posed by water (Berthelot a. Jungfleisoh, A. Ch. 
[4] 26, 472 ; but cf. Sabanejeff, A. 216, 262). From 
CHClBr.CHClBr and zinc in alcoholic solution 

(s.). 

Tri-ohloro-etbylene CHChOClj. ( 88 °). From 
either tetra-chloro-ethane by treatment with alco- 
holic KOH (Berthelot a. Jungfleisoh, C. B. 79, 
642 ; A. Suppl 7, 266). €hom C,C1„ zino, and 
dilute HjSO^ (E. Fischer, Z. 1864, 268). Also 
from chloral and PjS, at 170° (PaternO a. Oglia- 
l 8 ro, B. 7, 81). With alcoholic KOH it gives 
C 2 HCl 3 . 0 Ei Aqueous or alcoholic NH, forms 
CsHjCl, (37°) (Engel, C. R. 104, 1621). Sodium 
forms acetylene, ethylene, OjILCl,, and hydro- 
gen (Brunner a. Brandenburg, B. 10, 1496 ; 11, 
61). 

Tetra-chloro-ethylfue C,Cl 4 m. CC1j;CC1j. 
(121°) (S.) ; (126°) (a). S.G #7 1-6812 (Schiff. 
A. 220, 97);,\° 1-6190. V.D. 6*82 (calc. 6*76). 
C.E. (9-4° to 120°) *001147. ne l‘61fi. Bqo 49-66 
(Briihl). S.V. 11418.* ILF.p. -1160 (Th.). 
H.F.V. —1730. Discovered by Faraday {T. 
1821, 47) by subjecting 0,Clj to a red heat either 
alone or in presence of H. Formed also by treat- 
ing C 3 CI, with alcoholic KHS (Regnault, A. Ch. 
[2] 70, 104 ; 81, 372), with water and granulated 
zino (Geiither, A. 107, 212), with alcohol and 
zino filings, or with aniline (Bourgoin, Bl. [2] 
23, 344)t Formed also by the action of AljCl^ on 
chloral (Combes, A. Ch. [ 6 ] 12, 298). Obtained, 
tCjether withCCl^, by heating per-chloro-propane 
at 300i (Krafft Merz, 3. 8, 1300). 

Beactian$,--l.* Bromine forms in sunshine 
crystals of 2. Dry wmbinea 

in sunshine ffonuing OaClp— 8 .# Ohlmne-^atcr 
gives tri-ohloro-acetio acid (Kolbe, A, 64« 181).-- 
4. Dry ox^en has no action%v%i at (Demole 
a. Dilrr, B. 11, 1302).— 6, Potash-fusion gives 
potassium oxalate and hydrogen (Geuther, Ai 
111, 1T4). — 6 . NaOEt at 120° gives 

CH 04 . 0 ( 0 fet)„ OgCVCOaBt. OH(OEt)-CaNa 
and COl 3 :OG 1 . 0 Bt (Geuther, >. 1864, 816 ; f. pr, 
[2] 7, 108).— 7. SO, at 160° gires 001,.C001. 

OHLORO-STHTLENE OXIDB 0,H,aO 
(89°~92°). Formed by heatinfobloco-iodo-ethvl 
eoe OHCfUOHI, with water (60 vols.) at 160° lot 
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G days {Sabanejeff, A, 216, 268).^ Liquid. Bl. 
sol. water. • 

CHLORO-ETHYIENE CHLORIDE v. Tni- 

OHLOno-Kl'HANK, 

C^ORO-ET^L ETHER V. CuLouo-w-KTJnrL 
OXIDE. 

TRI-CHLORO-ETHYIIDENE-^CEKV-ACETIC 
ETHER V, Aceto-acbtio acid. • 

TRI.CHLORO-ETHY%IDENE DIAMINE. 

• Acetyl derivative CCl 3 .CJ[(NHAo)j, 
Formed bj* heating chloral with aceto-nitrile 
(Hiibner, Z. 1871, 712; Hepp, B. 10, 1651), 
the equation Wing : CCla.CHO + 2 CH 3 CN + H..0 
= COlg.O^NH.CO.GH.,),. Needles (from glacial 
acstio acid). Sol. water and alcohol. Sublimes 
without melting. 

Benzoyl ^derivative CCl 3 .CH(NIIBz) 2 . 
[267°]. From chloral, benzonitrile, and oono. 
BLSO^. Needles; V. 4* sol. ether. 

CHLORO-ETHYLIDENE-ANILINE 
.CgHaNCl i.e. CHaChCHiNCA. [136°]. 

Preparation. — Di - chloro - di - ethyl oxide’ 
CHjOl.CHCl.Olt (1 mol.) is warmed with aniline 
(2 mols.) in the presence of water. A white 
powder [87 °] is formed, which becomes red [136°] 
when dried. 

Propcrties.-~B>Q^ brown powder. Sol. alco- 
hol ; it may be a polymerido of the white com- 
pound. 

Reactions. — 1. HNO.^ produces a yellowish 
grey amorphous body which gives a blue colour 
with phenol andPdbnc. 2. Warmed with 

aniline it forms phonylamido-ethylidene aniline 
CeHjNiCH.CH^.MllCeHs [104°] which yields in- 
dole on heating (Berlincrblau a. Polikiev,*ilf. 8 , 
187-180). 

CHLORO - ETHYLIDENE DI - CARBAMIC 
ETHER C^H.jGlNjO, i.e. CH 2 Cl.CH(NH.C 02 Et) 2 . 
[147°]. Formed by the action of chlorine on a 
strong solution of HCN in alcohol ; and also by 
adding cone. aqueou8*H01 to a solution of car- 
bamio ether ohloro-acetal Cn_.C!.CH(OEt )2 
(Aschoff, B. 6, 81 ; 7 , (fBO). Formed also by chlo- 
rinating ethylidene di-carbamkj ether (Schmid, 
J. pr. [2] 24, 122). Needles (fiom dilute alco- 
hol). V. sol. ether %nd alcohol. 

Di-chloro-ethylidene di-carbamic other 
CHClj.CH{NH.C 02 Et) 2 . [122°]. Formed by 
passing Cl into an alcoholic solution of HgCyj 
(Stenhouse, A. 33, 92 ; Bisohoff, B. 5,82). Also 
by passing chlorine into carbamic ether at 90° 
(Schmid, J. pr. [2] 24, 120). Long needles; v. 
sol. alcohol and ether. 

TRI - CHLORO-ETHYLIDENE-IRI-CHLORO- 
LACTATE V. Chloralidb. 

CHLORO-ETHYLIDENE GLYCOL, derivatives 

oft V. CULOnO-ALDEHYDB. • » 

TRI - CHLORO - ETHYLIDENE - MALONIC 
ACII]^C01,.0H:C(C02B5,. 

Ethyhethir Et^A^ (160°-164°) at 23 mmi 
Profn chloral, malonio ether and AoP at 160° 
(0. M. Thori^isTin,^. 218, 169). • 

TRI - CHLORO - ETHYLIDENE-DI-PHENYL- 
DIAMINE V. Tki-culobo-di-phenyl-ethylidene- 
DIAMINE. • 

TRI-CHLORO-ETHYIiIDENE-QUINALDINE 

V. (Py. 8)-Qc^olyl-acuylo.tki-culoiude. 

CHLORO « ETHYLIDENE - p - TOLUIDINE 
0,H„NOl i.e. CHj.C.Uj.N.CH.OHjCl. [ 68 °]. 
Prepared bji decomposing di - chloro - ether 
CHjCl.CHCl.OEt with water, and adding p- 

Vot. IL 


toluidine. Sol. alcohol and ether; forms with 
aniline or toluidine a compound free from chlor- 
ine. Heated with aniline it yields indole (Ber- 
linerblau a. Polikiev, M. 8 , 190, 191). 

DI-CHLORO-ETHYLIDENE-DREA 
CO(NH) 2 CH.CHCl 2 . From di-ohloro-aootio aide, 
hyde and urea (Schiff, A. 161, 186). Needles. 

Tr*-chlo ro-ethylidene-di-urea C^HjClgNjOj i.e. 
CCl 3 .CJH(NII.CO.NH 2 ) 2 . Is the chief product of 
the reaction of ohloral-cyanhydrin with urea. 
White needles. Insol. ordinary solvents (Pinner a. 
Lifschutz, B. 20, 2346). 

CHLORO-ETHYL-MALONIC ETHER 
C 2 n,.CCl.(C 02 Et) 2 . p28°). HJ}. 1 * 11 . Liquid. 
Prepared by passing* CU into ethyl-malonic ether 
(Conrad, B. 14, 618). iTy saponification with 
Dtlryta-watcr it gives cthyl-tartronic acid, 
DI-CHLORO-ETHYL MERCAPTAN 
CH 2 Cl.CH...SClt?). S.G. i-*- 1*408. Said to be 
formed from ethylene and SCl^ (Guthrie, A. 
113, 275). Pungent oil, si. sol. ether. 

CHL^O-DI-ETHYL OXIDE C^H„ClO U. 
CfI,.CHC1.0Bt. Aldehyde ethylo-chloride. Mol. 
w. 108i. (98°). « 

FornuUion. — 1. The first product of the ac- 
tion of chlorine on ether (Lieben, A. Ill, 121 ; 
146, 180; Abeljanz, A. 164, 197 ; Jacobsen, B. 4 , 
215). — 2. By the action of HCl on an alcoholic 
solution of aldehyde (Wurtz a. Frapolli, A. 108, 
226 ; Claus a. Trainer, B. 19, 3004). — 3. By 
the action of PClj (1 mol.) on di- ethyl-acetal (1 
mol.) (Bachmann, A. 218, 39). — 4. By the union 
of aldehyde with EtCl. 

Reactions. — 1. NaOEt gives acetal. — 2. Cone. 
H^SO^gives EtHSO,, aldehyde and HCl.— 3. Cold 
water forms aldehyde, alcohol, and HCl. Water 
at 80° gives aldehyde (Laatsch, A. 218,36). 
Alkalis act in the same way. Cold alcohol has 
no action, but at 80° aldehyde and EtCl are 
formed.— 4. Decomposes on keeping into HCl 
and a liquid boiling at 76°. 

w - Chloro - di - ethyl oxide CH^Cl.CH^.OEt. 
(108°). S.G. 2 1*0572. V.D. 3*73 (calo. 3*74). 
From iodo-di-ethyl oxide by the action of Cl, of 
SbClj, or of ICl in presence of water (Henry, 
C.R. 100, 1007). li is not affected by hght or 
by water. 

wo-Di-chloro-di-ethyl oxide CHjCl.CHCl.OEt. 
( 0 . 143°). S.G. 23 i.i 74 . V.D. 4*93. Obtained 
by the action of chlorine aa ether belofr 30° 
(Lieben, i4. Ill, 121; 123,130; 133, 287; 141, 
236 ; 146, 180; 160, 87 ; Abeljanz, A. 164, 197; 
cf. D’Arcet, A. 28, 82; Regnault, A. Ch. [2] 71, 
392 ; Malaguti, A. G\ [2] 70, 338 ; [3] 16, 6 , 19). 
Formed also, together with the preceding, by 
passing HCl into a mixture of aldehyde and al- 
cohol (Natterer, M. 6, 496)? Also from vinyl- 
ethyl oxide CH,:CH.O.Et and Cl. 

I^ea^ctions. — 1. Water at 120° gives the com- 
pound CHjCl.CH(OH)(pEt), together with ohloro- 
aoetio aldehyde, glyconio aldehyde, alcohol and 
HCl. — 2. Oono. HjSO^ produces EtHSO., ohloro- 
acetio aldehyde, and HOI. — 8 . With oono. 
potash it ferms chloro-aldehyde alcoholate 
and its anhydride, and* also ‘ oxyohloro-ether,’ 
CH.,OH.CH,C1.0Et (151°-166°). This latter 
body is split up by cone. H^SO, into HCl, alco- 
hol and glyoollio aldehyde (?), CHgOH.CHO. — 
4 . NaOEt gives chloro-aoetal OH,Cl.CH(OEt), 
and CH 3 (OEt).«H(OEt) 3 .- 6 . AgOAo givea 
CH,Cl.CH(OEt)(OAc} (Bauer, A. 184, 176).- 
_ TP 
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6 . Dry metallic nno acts vigorously, producing 
HCl, ZnCl^ EtOl, alcohol, 0H,01.GH0, and a con- 
densation product of the alcoholate of the latter, 
0 ^.,C1,0. (Wislicenus, A. 226, 271). — 7. Zinc in 
presence of water produces aldehyde, EtjO, 
alcohol and ohloro-aldehyde, besides small 
quantities of orotonic-aldehyde, chloro-acetal, 
^-oxy-chloro- ether (OHjOH.GHCl.OEt) and 
(CH2Cl.CH(0Et))20 (W.).-8. In etherea? solu- 
tion with ZnEtj it forma CHjCl.CHE&.OEt, 
‘ethyl cnloro-ether ’ (ethyl chloro-butyl oxide). 
9. Excess of ZnEtj gives ethyl hexyl-ether, 
CH^t.CHEt.OEt.— 10. With ZnMcj it gives 
CH^CLCHMe.OEt, i.e. ethyl ohloro-isopropyl 
ether. — 11. Drrhloro-di-^thyl oxide (26 g.) 
heated with ardUnei (oO'g.) and water forms 
Indole (Berlinerblau, Af. 8, 180).— 12. PJien^l 
forms C2H,(0^40H)g (Wislicenus a. Eeinhardt, 
A. 243, 161). — 18. {a)~Naphthol forms amorphous 
OA(C,oH,OH),. (8)-naphthol gives crystalline 
plates of 0j*H,,C10 [174°] (Wislicenus a. Zwan- 
ziger, A. 243, 166).— 14. Resorcin, Pyr^.atechiji, 
and Hydroquinone form compounds of the fopn 
OjH 3(C4 H,OjH 2 )j (Wislicenus a. Siegfried, ^4. 243, 
171).— 16. TKlourea forms thiazoline (Hantsch 
a. Traumann, B. 21, 938). 

Di-ohloro-di-ethyl oxide (CH,.CHCl)jO. 
Eihylidenc oxychloride. (117°). S.G. iL* 1136. 
VJD. 6*08 (calc. 4-95). From dry aldehyde 
cooled by a freezing mixture by passing dry HCl 
into it. The product is dried with CaCl,. and 
distilled (Lioben, C. 12. 46, 662 ; Eessel, A. 176, 
44 ; 176, 44 ; Geuther, A. 218, 16). 

Reactions.— 1. Water on warming decom- 
poses it into HCl and aldehyde.— 2. A Icohol forms 
ohloro-diethyl oxide (CH3.CHC1)20 + 2HOEt I 
-2CH,.CHCl(0Et) + H20. -3. NaOEt converts j 
it (in ethereal solution) into aldehyde-resin, | 
acetal, and alcohol. — 4. Alcoholic sodium cthyl- 


BeactUmai^l. Cone. n.,S04 gives chloral, 
HCl, and alcohol.— 2. Heated with alcohol it 
gives tri-ohloro-acetal CCJl3CH(OEt)2. — 3. With 
dilute (10 p.o.) alcoholic potash it gives trichloro- 
vinyl-ethyl oxide CCljrCCl.O.Et.— 4. HjS gives 
C,H,S,0 [123°] and C^HgClgSO g?2°] (Mdlaguti, 

A. 32, 29). r 

Pentfi-chloro-di-ethyl oxide CCl,.CCl2.0Et. 
(190°-210°). m. V66.J 

Formation. — 1. Themial product of the action 
of chloriifb on ether in the dark (Jacobsen, B,' 
4, 217).— 2. Fiopx CCljrCCl.OEt and Cl (Busch, 

B. 11, 446). It IS partly decomposed on boiling. 
Fenta-chloro-di-ethyl oxide * 

CCI3.CHCI.O.CH2.CH2CI. (236°). S.G. ^ ; 1-677. 
From PCI3 and CCI,.CH(OH).O.CH2.CH,Cl,’ a 
compound of chloral and glycolic ahlorhydriq 
(Henry, B. 7, 763). 

, Hexa-chloro-di-ethyl oxide (CHCl2.CHCl)_;0. 
(250 ). From PCI5 and the hydrochloride of di- 
chloro-aldehyde (Patern6 a. Pi.sati, O. 1, 461). 

Octo-chloro-di-ethyl oxide C^HjClgO. Formed* 
by the action of Cl on aldehyd^ hydrochloride 
in sunlight. 

Crystals, smelling like camphor, may be sub 
limed (Both, B. 8, 1017). 

Per-chloro-di-ethyl oxide C^C1„0. [69°]. S.G. 
^ 1-900. Formed by the action of chlorine in sun- 
light on ether (Begnault, A. 34, 27 ; Malaguti, 
A. Gh. [3] 16, 4). Dimetric octahedra (NicklcB, 
A. Ch. [3] 22, 28). Splits up on heating into 
CjClg and trichloro-acetyl ohlocye. 

CHLORO-ETHYI-OXY-TOLTDlaUINOLINE v. 

CnLORO-OXT-METHYL-KTHYL-QUINOLINB. 

Cft CHLOEO - DI - ETHYL - DI - PHENYL- 
ETHANE CjgHj.Cl i.e. CH201.CH(C,H,Et)2. 
(c.268°). From ethyl-benzene, CHjCl.CHCl.OEt, 
and HjSO, (Hepp, B. 7, 1414). On distillation 
it gives HCl and C,gH.,o. 


ate forms, besides the same products, a liquid 
jCH,CH.OEt)20 (163° cor.) S.G. ^ -891. This 
IS sparingly sol, water. It decomposes in a few 
days into acetal and aldehyde: (CHgCH.OEt)20 
- CH,.CH(OEt)2 + CHg.CHO.-5. Dry NaOEt 
gives OH,,CH(OEt).O.CHCl.CH3 (146°), a liquid, 
decomposed by hot water (Hanriot, A. Ch. [6] 
96, 223).-«6. MeOH and NaOMe form similarly 
(C^CH.OMe)20 (126°-127°). S.G. IL' -953. 
This also has an aromatic smell and splits up 
like the foregoing, though*^ more slowly, into di- 
met^l acetal and ''aldehyde.— 7. Sodium sz^cci- 
gives 0(CHMe.0C0)jC2H4 (Geuther, A. 226, 
928).— 8. Zinc ethyl produces di-butyl oxido 
(CHvCHEt),0. 

Tri-chloro-di-ethyl oside CHClrCHChOEt. 
(167°) (G.) ; (168°) (K.). From chloro-vinyl 
ethyl oxide and Cjl (Godefroy, C. R. 102, 869). 
Also from di-chloro-acetal and PCI, (Krey, 
1876, 475). Occurs in the product of chlorina- 
tion of ether. Fuming liquid ; with NaOEt it 
gives CHCl2-CH(OEt)2. Ctac, aqueous KOH gives 
CCl2:CH.OEt (146°). 

Tetra-chloro-di-ethyl oxide CCl,.CII01.0Et. 
Mol. w. 919. (190°) (P. a. P.) ; (c. 183°) (G.). 
S.G.2 1-437; 1*418. 

Formation.— i. From chlorine and ether at 
90° in the dark.— 2. From chloral Slcoholato 
and PCI. (Henry, B, 4, 101, 435 ; Patornd a. 
Pisati, /. 1872, 803; O. 2, 333).~3. From di- 
ehlorO'Vinyl ethyl oxide CCl,.’CH.OEt and ohlo* 
rine (Godefroy, 0. R* 102, 86^. 


I i;.9o-CHL0R0.ETHYL-PHENYL METHYL 
I KETONE CgHgEtOl.CO.CHj. Formed, together 
I with the two ohloro-phthalic acids, by oxidising 
chloro-di-ethyl-benzene yith chromic mixture 
! (Iscrati, A. Ch. [Gl 6, 421). Liquid ; not attack^ 
by boiling alcoholic KOH, but converted into 
chloro-ethyl-benzoic acid by notash-fusion. 

CHLOEO - TETEA - ETHYL - PHOSPHONITJM 
CHLORIDE (ClCH2.CH2)PEt,Cl. From PEt, and 
ethylene chloride in the cold (Hofmann, A. 
Suppl. 1, 276). Needles. Moist Ag^O converts 
it intoanoxy-ethyl ba8eCH2(OH).CH2.PEt,OH. 

I Salt.— (C,H,Cl.PEt8CI)2PtCl4. Orange needles, 
j CHLOEO-ETHYL-PEOPYL-GLYOXALINE 
CgHijClNj. , Chlor-oxal-propyline (236° cor.), 
I V.D. = 5*66 (obs,). S.G. A® 1'09. From di-propyl 
I oxamide by PCI4. Oil. V. si. sol. water, miscible 
I with alcohol, ether, or CHClg.c On reduction with 
! HI it gives* ethyl-pfopyl-glyoxaline (Wallach a. 
I Schulze, B. 13, 616 ; 14,423 ; A. 214, 312ji. 

Salts. — (B'E(pi),PtCl,. — B;pL-B'2AgN02 ; 
fieedloB. 

{Py. 3, 2).CEy:.0E0-ETHYL-QEH[0LINE 
XH-iC(C2H,) 

C„H„C1N i.e. C,h/ I . [73°], 

• ^N = CCl 

Prepared by the action *of PCl^ oi^i ethyl-hydro- 
carbostyril (Baeyer a. Jackson, B. iL 120). Insol. 
water, v. sol. other solvents. Volatile with steam. 
I Weak base. — (B'HCl)2PtCl4. V. sol. alcohol, de« 
I composed by water. * 



OHLOEOFORM. 


m 


Chloro - ethyl(t) ;lioqiiinoline 0„H,oN01. 
[o. 80®]. Formed by boiling the di-chloro- deriva- 
tive [166®] with HI and P. Colourless crystals. 
By heatfhg with HI and P to 200° it is com- 
pletely deohloninated (Gabriel, B. 20, 1206). 

Di-ohloro-ethyl(?)-isoquinol4De 0 ,iHbNCL 

.0(0, H.); 001 ^ 

probably OjH^ « I [166°]. Formed by 
NoOl N 

‘heating thaimideof phenyl-di-methyl?carboxylio 
.CMe,.CO , 

acid ^ | with POOl, ; if the product 

\00. NH 

is a derivative of ethyl-isoquinoline an isomerio 
oh'ange must have occurred during the reaction. 
Long ooloiirle|8 needles. By HI and P it is 
first reduced to the mono-chloro-derivative 
[80°] and then to the ethyl(?)-i8oquinolino 
[65°] (Gabriel, B. 20, !206). 

DI-CHLORO-DI-ETH^L SULPHIDE 
•(CH,C1.CH,),S. (217®).- Formed by the action 
of PCI, on sfCfl^CHjOH), obtained from glycol 
chlorhydrin and K,S (V. Meyer, B. 19, 3259; 
20, 1729). Oil. Very poisonous and violently 
inflames the skin (difference from di-ethyl sul- 
phide). 

Tetra-chloro-di-ethyl sulphide (C.H.Cy^S. 
(167®-172®). S.G. 1-647. A yellow o'il formed 
by passing chlorine into di-ethyl sulphide, which 
is at first kept cool and in the shade (Biche, A. 
92, 368). Theann appear also to be formed 
(C,H,Cl,)oS (18^192°), (0,HCg,S (217®-222®) 
and (C,Cy,S (?). 

Di-chioro-di-ethyl di-sulphide • 
(0H,C1.CH,),S,. S.G. 1* 1-346. From ethylene 
and C1,S, at 100® (Guthrie, A. 119, 91 ; 121, 
108). Pale yellow oil. Alcoholic KOH gives oily 
(CH,OH.CH,),S. HNO, forms CnjCl.CHj.SOjH 
(Spring a. Locrenier, Bl. [2] 48, 629). 

Tetr a-chloro-di-et j^yl di-sulphide 
(C^HaCl,) ,S,. S.G. 11 1-599. Formed by passing 
ethylene throifgh boiling S.Cl, (G.). Oil, 

• CHLOKO-ETHYL SULPHOCYANIDE 
Cl.C,H^,CNS. (203°). Form’ed by heating 
0,H,Br/(100 g.), HONS (66 g.) and alcohol 
(250 0.0.) with inverted condenser. The product 
is filtered, distilled to 150® and the residue 
in the retort cooled in a freezing mixture. 
C^^(CNS), now crystallises out. The liquid 
portion is distilled (J. W. James, C. J. 35, 807, 
J. pr. [2] 20, 362; 31, 411). Formed in the 
same way from ethylene ohloro-bromide (107“- 
109°) (James, C. J. 43, 89 ; 47, 365^ 

Property.— Oil. Smells like mustard oiL 
Burns with violet flame. Soluble in ^cohol 
and ether. Dissolve in hot yater, but separates 
again on cooling. • 

Reactwns.—l. Fuming HNO, converts it into 
ohlor<>etlAne splphonio aoi^ Cl.C^H^.SOaH. J 
Ammonia, ^f course, will convert this into 
taurine. — 2. jAl^oholio ^tassic ^sulphocyanide 
converts it mto 0^4(Si3N),— 8. With aqueous 
NajSO, in sunlight it forms OjH4(SCN)(SO,Na), 

DI-CHLORO.(a)-ETHYL.TmOPHENE 
0,H(0,H,)01,S (286® cor.). A liquid formed 
by passing olij^orine into Pooled ‘ 3 ’-ethyl-thio- 
phene (Bona, JB. 18, 651). 

DI-CHLOKD-ETHYL-TOLUENE (?). 

C,H„CL. (866°). Formed, together with propyl- 
ene and chlcmnated oresol by distillation of 
penta-ehloro-thymol (Lallemand, 0. H. 48, 876). 


DI-CHLOBO-EUXANTHIO ACID v. Epxam- 
THio Aon>. 

DI-CHLORO-FLUORENE C„H,0V [128®]. 
Formed by passing chlorine into fluorene (from 
coal-tar) in chloroform (Hodgkinson a. Matthews, 
0. J. 43, 170). Colourless plates. Oxidised by 
chroq^ic mixture to di-chloro-di-phenylene 
ketone [158®]. 

rti-chloro-fluorene CisH^Cl, [147°].* Formed 
by leading chlorine into a CS.^ solution of fluo- 
rene fora long time (Holm, B. 10, 1082). Whjte 
plates. SI. sol. alcohol and ether. 

Penta-chloro-fluorene di-chloride OuHjCl, 
[104®]. From di-cMoro-ftudfehe in chloroform 
by chlorine (H. a. M.)! Lcfhg needles. CrO, con. 
librts it into a yellow ketone (?) [104®]. Al- 
coholio KOH converts it into a red bodj 
(? CijHjClj) which is insol. alcohol, but crystal- 
lises from chloroform, petroleum or acetic acid 
[o. 110®]. It is not attacked by HNO, or CrO,. 

CHL^RO-FLUORESCElN 

Fonnea by 

heating chloro-phthalic anhydride [97°] with 
resorcin. V. si. sol. water and CHClj. Wlieii 
freshly prepared it is sol. alcohol and ether, 
but it changes on keeping into an insoluble crys- 
talline form; v. sol. acetic acid ; insol. CgHg-, sol. 
aqueous KHO, and KjCO, forming a deep red 
solution, which when diluted shows a fluorescence 
like that of fluorescein (Graebe a. B6e, C. J, 
49, 530). 

Di-chloro-flttorescein. Hydrate. 
C8lL^Cl2:C20^:(C8H,(0H)2),. Formed by heating 
(3)-di-chloro-phthalio anhydride [161°] with 
rosSrein at 200®. Loses aq when heated. Alkalis 
form a rod solution with green fluorescence (Le 
Boyer, A. 238, 867). 

Tetra-chloro-fluorescem 

0,C1,:C,02:(C,H,0H)20. Formed by heating re- 
sorcin * with tetra-chloro-phthalio anhydride 
(Graebe, A. 238, 333). Addition of acids to its 
solution in NaOH pps. the hydrate or ortho- com- 
pound, which at 180® is dehydrated. Insol. ether. 

Biacetyl derivative 
C.C1,:020,:(C,H^OAo)20. 

Hydrate C,Cl,:C2O2:(0eH^(OH)j)j. Ppd. by 
adding acids to a soh^iion of the fluorescein in 
aqueous NaOH. Orange needles (from et^er) ; 
insol. water, si. sol. alcohol. Its alkaline solu- 
tion is red with strong green fluorescence like 
fluorescein. At 180® it gives off H ,0. 

Chloride 0,01, -.C20.2:(0,H, 01)26. [259®]. 

CHLOBOFOBM OHt)!,. Tri-chloro-methane, 
Mol. w. 119^. [-70®] (Berthelot, Bl. [2] 29, 8). 
(60-9°) at 764-3 mm. (Schiff, H.220, 95) ; (61-4*5) 
(Thoijie) ; (62°) (Perkin, C. J. 45, 630). 8.0. 
1-6039; 1-4081 ; ^ 1'6009 ; U 1-4819. O.E. 


(Chancel a. Parmentier, C. B. 106, 577). V.D. 
4-12 (for 4-12). H.F.p. 24110 {Th.). HJP.v. 
23630. M.M. 6-669 at 16-3°. S.H. *238 (Sohiiller, 
P. Suppl. 5, 116, 192). md 1‘451 (Forbes, P. Jlf. 
[3] 35, 94). 8.V. 84-6 (Sohiff) ; 86*6 (Bamsay) ; 
84-6 (Thorpe). Capillarity ; Swan, 0. /. 1, 174 ; 
P. M. [8] 33, 36. qfpnprcs&ihility ; Grassi, A. Ch, 
[3] 31, 437. 

Formation,—!. By the action of bleaching. 
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powder on dilate alcohol (Soubeiran, A. Ch. [2] { 
48, 181 ; Soubeiran a. Mialh6, A. 71, 225) or on I 
acetone (Liebig, A. 1, 198).— 2. By the action of 
chlorine on marsh-gas in daylight, and ulti- 
mately in sunlight (Regnault, A, Ch. [2] 71, 
380).— 8. By passing a mixture of chlorine 
and methyl chloride through animal clmrcoal 
at 250°-850^ (Damoiseau, C. R. 92, 42).— 4. By 
the action of aqueous potash on chloral* (Lie- 
big, A. 1, 199).— 5. By the action of nascent 
hvdrogen on CCI4. — 6. By boiling tri-chloro- 
acetic acid with aqueous alkalis (Dumas, A. Ch. 
[2] 56, 115 ; A. 32, 113).— 7. From iodoform and 
PCI, (Gautier, Rr.^*{2,] 13, ^16).-8. From CCI4, 
zinc, and dilute H0SC4 (G^uther, A. 107, 212). 

Preparation. — *1. By mixing chloral with di- ; 
lute caustic soda. — 2. Bleaching powder (40pts.), j 
water (100 to 150 pts.), alcohol (4 to lOpts.), and I 
slaked lime (4 to 10 pts.) are distilled together, j 
The distillate separates into two layers, the lower j 
one being chloroform. This is freed ^om chlo- j 
rine by shaking with potash, dr^d over CivCl, 
and rectified iKessler, J. Ph, [3] 13, 162). | 

Theory o/the process.— The bleaching powder j 
is supposed first to convert the alcohol into ; 
chloral (g. v.), and the lime which is present (or j 
formed) would then split this up into calcic ; 
formate and chloroform : 8CaO.Clj + 2C4lI„0 , 

- 2C.,Cl,HO -t- 5CaCl, + 3CaO -h 5H.,0 1 

- 2CCl,H -1 Ca(CHO ,)2 -h 5CaCl, 4 2CaO -f 4H.,0. | 

When alcohol of various strengths is poured j 
on bleaching powder the distillate, which some- 
times explodes after shaking well with water, gives | 
an oil which can be separated by fractionating ' 
into the following portions ' j 

I pt. alcohd’ niiTCil with pt», I 

of water 


Fraction 

0 

1 

9 

1 ^ 1 

8 


60°-70° 

2-4 

3*4 

50*5 

89*l' 

98*1 

] per- 
centage 
}• compo- 
{ sition of 

70°-80° 

9'8il2'4 

31*2 

7'ri 

1*9, 

80°-100° 

! 12-3| 31-6| 

12*2j 

3*1 

1 

100°- 160° 

21-0' 27-5| 

— 

— 

— 

150°- 106° 

60-6 

21-9 

— 

— 

— 

1 oil. 

160°-180° 

4-2, 

1 ” 

— 

— 

— 


Th^iunount of cliioro-ace\al (150°-1G0^) is there- 
fore greatly diminished by diluting the alcohol ! 
(Goldberg, J. pr. 132, 111). The yield of chloro- j 
form is never more than equal in weight to the 
weight of the alcohol used, this is less than one 
molecule of chloroform^ from two molecules of 
alcohol. Chloroform cannot be prepared from 
pare methyl alcohol by means of bleaching pow- 
der, although it is formed from commercial 
methyl alcohol (Belohoubok, A, 165, 349)« Chlo- 
rinated compounds are formed by the action of 
bleaching powder on isdjjropyl, isobutyl, and iso-*- 
amyl alcohols ; so that the alcohol used to pre- 
pare chloroform should not contain ^ousel oil 
(J. Regnault a. E. Hardy, J. Ph^ [4] 30, 405). 

Pjnpcrfws.— Characteristic odour and sweet 
taste, almost insoluble in water. When pure it is 
not turned brown by H,SO.. Chloroform reduces 
Fehling’s solution, thus ; OHOlj -b 2CuO + 5KHO 
= CujO + 3KC1 + KaCO, + 3HaO (Baudrimont, 
jr. Pk, [4] 9, 410). It dissolves fats and resins. 
A solution of iodine in chloroform is violet, but 
bromine forms a red solution. It is anssstbeiio 


(James Simpson, A. 65, 121) and antiseptic 
(Robin, C. R. 30, 52 ; Augendre, C. R. 31, 679). 
When a mixture of chloroform and water is ‘kept 
at 0° for a long time with frequent shaking a 
hydrate CHCl, 18aq separates ip long l^mime. 
It is lighter t}Y<.n chloroform but heavier than 
water, and melts at 1-6® (Chancel a. Parmentier, 
C. R. 100, 27 ; tf. Sajohplyia. BaUo, B. 4, 160). 

Detection . — Chloroform may be distinguished 
from mos^ other similar chlorinated hydrocar- 
bons by boilinff it with alcoholic potash and a 
primary amine aniline), wh^ the character- 
istic disgusting odour of the oaroamines will be 
noticed (Hofmann, B. 3, 769). When the vapour 
of chloroform is passed through a red-hot tbbe 
chlorine is liberated, and will turn paper moistened 
with starch and potassium iodide blue (Ragsky, 
J. pr. 46, 170 ; Luedeking, Am. 8, 358). Chloro- 
form gives a reddish-purjrie colour (? rosolio acid) 
when poured upon the hot residue obtained by 
evaporating an alcoholic solution of phenol mixed 
with caustic potash (Guareschi, Q. 3, 401). 

Impurities.— Chloroform thft is to be used 
£cr surgical operations should not give any brown 
colour when shaken with H^SO^ (Gregory, Pr. E. 
1850,391; c/. Vulpius.^r. Ph. [3] 13,37; 25,998). 
The presence of alcohol causes opalescence when 
chloroform is mixed with water (Mialhd, J. Chim. 
M^d. [3] 4, 279), and a green colour with chromic 
mixture (Cottoll, .7. Ph. [3] 13, 359). The reduo - 
tion of potassium permang^^te may also be 
used as a rough index of the atnount of alcohol, 
aldehyde, and oth er oxidisable substances present 
in cbloioform (Jolles, Chem. Zeit. 11, 786). 

Estimation. -By treating a chloroform solu- 
tion with alcoholiepotash thochlorine is obtained 
as chloride. The conditions for getting a theo- 
rVetical yield have been determined by De Saint- 
I Martin (C. R. 106, 492-496; cf. Chancel a. Par- 
mentier, C. R. 106, 677). 

Reactions.— 1. CrOj Aixture gives COClj. — 
2, Zinc and dilute H^SQ, convert it into CH^Cl, 
(Geuther, A. 107, 212 ; Richardson a. Williams, 
C. N. 18, 60).— y. Zinc-dust converts it in pre- 
sence of ammonia into methane (Perfein, C. N. 
18, 106). — 4. Boiled wittf alcoholic potash it 
forms potassium chloride and formate, thus : 
CHCl, + 4KHO = 3KC1 -h CHOjK -t- 2H,0. — 5. 
With sodic ethylate it gives orthoformic ether, 
CH(OEt), (Williamson a. Kay, C. J. 7, 224).— 
6 . Mixed with ammonia and passed through a 
red-hot tube it reacts thus: CHC1,-I-NH, 
= CNH-f 3J[IC1. Aqueous ammonia at 220° 
forms carbonic oxide, ammonium formate, and 
ammonic chloride, thus : 2GHC1, + 7NH, -f 3HjO 
= C6 + 6NH4Cl-i-HCO^H4.(Andr6, 0. R. 102, 
653). — 7. 'Water at 2^0° forms CO, formic acid, 
and HCI.— 8. Alcoholic KjS forms potassium 
thioformate H.CO.SK (Nicol, Tr. E* 29,tf 31).— 

9. Aniline at 1^° gives di-phJnyl-fonn-amiaine 
C«HjNH.CH:N.C«Hj (Hofmann, Pr. 9, 229).— 

10. Bromine at 200° gives C^C% (Patemb, G. 
1, 593; Friedel a- Silva, Bl. [2] 17, 587).— 11. 
With bromine (3 pts.) and iodine ( Ipt.) at 150° 
it gives C^,C1 [70°] and CBr, [76^ (Bolas a. 
Groves, C. J. 24, 7W).— 12 . hJnO, containing 
NOj forms at 100° a small quantity of chloro- 
picrin (Mills, C. J. 24, 641).— ft. Cone. HIAq 
at 125° gives CH,!, (Lieben, Z. [2] 4, 718). 
PH4I and ZnO give GH,01 (£ofmann, B. 6, 
301).-'14. When passed ov« red-hot copper 
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gome acetylene is formed (Berthelot, C. R. 60, 
806). 7—16. Potassium amalgam also forma 
acetylene (Kletzinsky, Z. [‘2] 2, 127).— 16. KjSO, 
at 170°* forms m,{SO,K)^ and CH(S03K), 
(Stredter, Z. [ 6 ] 4, 214). — 17. Sodium acting 
on chloroform containing alcol*)l forms ohlor- 
ethulmic acid OaHuOlOj (Hardv. A. CH. [3] 66, 
340; C.R.64, 470; c/*Kern. O. N. 31, 121).- 
.18. The co;^er-einc cduple does not act on 
pure chloroform ; in presence of alctJhol at 60° 
methane is evolved, together with a small 
quantity of acqfylene ; in presence of water me- 
thane is evolved even at 12° (Gladstone a. Tribe, 
C^J. 28, 608).— 19. SbClj at 100° forms CCl, 
(Lbssner, J.pr. [2] 13, 418). — 20. Electric sparks 
decomposetchleroform forming HCl and CjCl# ; 
in presence of air COClj is formed (J. Regnault, 
J. Ph. [6] 6, 604). — 21. Potash added to a mix- 
ture of acetone (1 mot) and chloroform (1 mol.) 
forms acetone-chloroform or oxy-isobutyro-tri- 
•chloride(CHa)3C(OH).OCl3. There is also formed 
a liquid isomgride, possibly CHClj.CMej.OCl, 
(170°). It is a strong poison and yields with 
benzene and Al^Clg ohloro-di-phenyl-fcrf-butyl 
alcohol (239°) ; while with PClg it yields 0,HgCl,0 
(161°) (Willgerodt a. Genieser, J. pr. [2J 37, 362). 
Potash (8 mols.) acting on chloroform (1 mol.) 
and acetone (2 mols.) forms C,,H2oOa t.e. 
CMe2(0.CMe2.C02H)2; an acid which, like ace- 
tone-chloroform (a. v.), is converted into oxy- 
isobutyric acid byjieating with water (Willgerodt, 
D. 20, 2446; Bl [2] 39, 167 ; Engel, Bl [2] 47, 
499 ; C. B. 104, 688).— 22. With SO3 it forms 
carbonic oxide, ClSOjH and CLSoO. (Armstrong, 
Z, 1870, 247). 

Com Wnafion.— With aqueous HjS at 0° it 
forms a crystalline compound CHClj2H ,S 23aq 
(Loir, C. B. 84, 647 ; J. 1862, 660 ; Forcrand, 
A, Ch. [6] 28, 12). 

CHLORO-FOEMIC* ACID *01.00.011. 

Methyl ether. Ol.CO^.Me. (71° cor.), 
S.G. i5 1-236 poese, A. 205, 228). Formed by 
tBe action of COClj on methyl alcohol (Dumas, 

A. 10, 277; A, Ch. 68, 62 ; Meyer a. Wuistcr, 

B. 6, 966). Formed also by the action of chlor- 

ine on gaseous methyl formate (Hentschel, J. pr. 
[2] 86, 211). Preparation.— To avoid formation 
of methyl carbonate proceed thus: Phosgene is 
freed from chlorine by passing through a llask 
full of pieces of antimony and powdered glass 
and placed in the water bath. The gas is passed 
into a few c.c. of chloro-formate of methyl at 0°. 
Methyl alcohol is added in small portions at a 
time, waiting each time until the phosgene goes 
through unabsorbed. Altogether not moi| tlian 
160 c.o. of methy> alcohol ghould be used (A. 
Klepl, J. [2] 26, 447^. Properties. - Heavy 
oil ; readily decomposed by boiling with water. 
Gives^he tri-chlpro-methyl et^jer when chlorin^ 
acts on it in sunlight. Intermediate compounds 
are and GiHgCl.Og. ^he compound 

O^H,CljO| (lo9° cor.) is a very pungent oil, S.G. 
“y 1*4741 ; ^ 1-4786. It is decomposed by water 
into formic aldehyde, 2CO3, an4 CO ; while 
aniline fornjs0.H3Cl,(NPhH)304[46°] ; and fusion 
with KaOAn fields metliyiene diacetate (166°). 
The other c<ipound, 0,H,01,Og or O.HjCljO,, 
(181° cor,), S^. 1-62, is a hquid, slowly decom- 
posed by boilmg water into CO, GO,, HCl, and 
tormio aldeh;^e (Hentschel, J. pr. [2] 36, 468). 

Tri-ohloro’methyl ether (128° 


cor.). S.G. 1-653. V.D. 94*3 (calc. 99)i 
Formed by chlorinating methyl formate in sun- 
light. Liquid ; inflames the skin. Above 300° 
it changes into the isomeric COCl, ; this change 
takes place slowly even on boiling. At a dull 
red heat it splits up into CCl^ and CO,. AljCl, 
deconjposes it in the same way (Hentschel, J.pr. 
[2] 36, 99, 306). Reactions.— 1. Like COCl.^, it 
acts 8n NaOAc forming NaCl, CO,, and Ac,0.— 
2. MeOH forms an oil, possibly CCl3O.CO.OMe-, 
it boils at 164° being split up into COCl, and 
Cl.CO.,Me.--3. Dry and aqueous ammonia forfhs 
urea but not tri-chloro-acetamide.— 4. Aniline 
forms di-phenyl-urea ai^h'^enyl cyanate.— 
6. Benzene and Al^Cl^ ^ive (C„Hj)gCCl.— 6. Phenol 
gives C3H3O.CO.Cl. 

E thy I ether C\.CO.,P.i. M0I.W.IO8V. (94°). 
S.G. 1-139. y.D. 8*82, Preparation. — By pass- 
ing COCl, into well-cooled alcohol (Dumas, A, 
Ch. [2J 64, 226 ; Clooz, A. Gh. [3] 17, 303 ; Ca- 
hours, 4. Ch. [3] 19, 346 ; Klepl, J. pr. [2] 26, 
448 ; Wilra Wischin, A. 147, 160) ; or by 
dropping alcohol into liquid COGl, standing in 
a freezing-mixture (Hentschel, S. 18, 1177). 
Properties . — Pungent liquid; decomposed by hot, 
but not by cold, water. Reactions.— With 
alcohol it forms carbonic ether, reacting thus : 
ClCOoEt-f HOEt = EtO.COaEt-bHCl. — 2. With 
sodium it reacts in this way : 2ClCO.,Et -f Na, 
= 2NaCl-l- CO -l- CO^Et;.— 3. With ZnMejit reacts 
in the following manner: 2ClCO,Et + ZnMe, 
= ZnCl, -f 200, + 2C,H, -h 2CH^ (Butlerow, Z. 
1863, 484).— 4. With ammonia it forms carbamic 
other, NIl3.CO.3Et.— 6. Al^Cl^ splits it up into 
CO.3 and EtCl.— 6. Benzene and AlClj give 
etliyl-benzene (Rennie, C. J. 41, 33).— 7. ZnCl, 
gives CO„ EtCl, HCl, and ethylene (Ulsoh, A. 
226, 281).— 8. Sodium amalgam converts it into 
formic acid (Geuther, A. 205, 225).— 9. NaOC^Hj 
gives (C„H30)CO(OEt) (Fatianoff, Z. 1864, 77).— 

10. Na,3S gives SlCO^Et), (V. Meyer, B. 2, 297).— 

11. Potassium cyanate forms the following crys- 
talline bodies : (a) C^HuNjOg or C,N,Oj(CO,Et)3 
[119°]; (6) C„TI„N,0, or C3NAEt(C02Et), 
[123°] : (c) C.oH.^N.Oj or C3N303Et .(CO ,Et) [107°] ; 
(d) NH(C0.3Et)3 [50°] ; and (c) CsN^^t, (Wurta 
a. Henninger, G. R. 100, 1419 ; Bl. [2] 44, 26). — 

12. With KNCS in pjpsence of alcohol it forms 

carbonic ether and alloph%nio ether (Wilra, 
A. 192, 243): 2Cl.C03Et + 2KNC0 + 3H0Et 
» 2KC1 -I- 2Et3CO, + CjHgNjOaEt.-lS. With thio- 
urea it forms NH^.CS.NHCOEt.HCl [117°] 
(Pawlewski, B. 21, 401). — 14. With di-phenyl- 
thio-urea it forms *di-phenyi-tliio-allophanio 
acid NHPh.CS.NPh.COjEt.— 15. With phenyl- 
thio-urea it forms phenyl - allophanio acid 
NHPh.CS.NH.COEt.— 16. With acetyl-phenyl- 
thio-nrea it forms a-phenyl-thio-allophanic acid 
NH3CS.NPh.CO.3Et.— 17. Gyarwf/iinfi forms cyan- 
othine carboxylic acid*(E. v. Meyer a. Schone, 
J.pr.]^ 30, 123). -18. Quinoline forms ethyl- 
quinoline: CgH^N + ClCOjEt = CgHgEtNHCl -»- CO, 
(M. a. S.). , 

Chloro-ethylic ether CI.CO.3.CH2.CH3CI. 
(150°-160^. From glycolic ohlorhydrin and 
COCl, in tne cold (J. Nemirowsky, J. pr. [2] 31, 
178). The product is mixed with K^COj and 
extracted witli ether. Colourless, fuming, pun- 
^nt liquid, insol.#vater, sol. alcohol and ether. 
Reactions.— 1. Not decomposed by boiling wafer. 
2. Converted by boiling dilute potash into glycol, 
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CWOOMte.— 1 mixed with water. The solution is shaken with 
ft. Converted hy ammonia into the carhamate oi ether and the ether evaporated (Perkin a. Duppa, 
ohloro-ethyl, as follows : 01.CO.O.C2H,C1+2NH, A. 115, 106 ; 129, 373 ; C. J, Proc. 4, 75). 

«=■ NHj,HCl + HjN.CO.O.Cjll^Cl.— 4. With aniZind ProperZws.— Clumps, from alcohol dbd benz- 

it reacts, forming the corresponding compound one. Y. sol. water, alcohol, ether, it. sol. 
^l^hH.COgCjH^Cl (phenyl-carbamic acid). benzene and ligr^'in. May be sublimed unaltered. 

Propyl ether CICO-^Vt. (116° cor.). S.G. Constitution . — Perkin considers it to be a 

“ 1*09. Liquid ; more stable than methyl ether derivative of fcftnario apid because it 


(Roese, 4. 205, 229). 


soluble in water. The fact that it sublimes 


Isopropyl ether ClCO^Pr. (95°). S.G. without farming an anhydride woi^d indicate 
* 1*144 (Spioa, Q. 17,108). Gives with NH, that it is a derivative of maleic acid (Kauder). 
iBcfpropyl carbamate NH.,.CO.Pr [37°]- Reactions. — I. Sodium amalaam forms suo- 


iscfpropyl carbamate NH.,.CO.^r [37°]- Reactions. — I. Sodium amalgam forms suo- 

Isobutyl ether CiCOAH#. (129° cor.). | cinio acid (Perkin, A. 129, 376):— 2. Dissolved 
S.G. i^l’063 cf. Myliua, B. 5, 972). i in cold water and the equivalent of amZine added 

^monia converts it into isobutyl carbamate it gives a crystalline pp. of the acid aniline salt, 


NBEj-COaCA [66°]. , 

Amyl ether C1.C0.AH„. (153°) (S.); (154 


CO,H.CH.CCl.CO.,H.NHj.Ph. [17§°]. ^n aqueous 
solution may be kept for weeks without under- 


cor) (R.). S.G. ^ 1’032. Fropi COCl.^ and going any change. On boiling the aqueous solu- 


amyl alcohol (Schone, J. pr. [2J 32, 240). 


I tion, it behaves like the Corresponding bromo- 


Phenyl ether (187°). From fumarate, although less readily (Michael, i47». 9, 

the tri-chloro-methyl ether and NaOPh (Hcnt- 180). . 

schel, J.pr. [2] 30, 316). ,, Salts. - KHA". Transparent prisms. — 

Amide Cl.CO.NHj. [50°]. (62°}. Formed by BaA" 3aq. Clumps.— AgjA". 
passing dry CfcCI, into NH,C1 at 400° (Gatter- Methyl ether. MeA". (224°). 

mann a. Schmidt, B. 20, 868). Flat needles, Ethyl ether. Et^A . (245°). S.G. 1*178. 


Amide ul.LO.NHj- [50°]. (62°). Formed by BaA" 3aq. Clumps.— AgjA". 
passing dry CfcCI, into NH,C1 at 400° (Gatter- Methyl ether. MeA". (224°). 

mann a. Schmidt, B. 20, 868). Flat needles, Ethyl ether. Et^A . (245°). S.G. 1*178. 

with unpleasant odour. Changes on keeping From tartaric ether and PCI. (Henry, A. 166, 
into cyamelide with evolution of HCl. Decom- 178; Claus, A. 191, 80). 
posed by water into COj and NH,C1. With Awic eZher C2HCl(CO.^Et)(CONH2). [102°]. 
toluene and AljClg it gives the amide of p-toluio From chlorofumario ether and alcoholic NH, 
acid ; other aromatic hydrocarbons and phenol (Claus a. Vooller, B. 14, 150). Tables 
ethers act similarly. Amines yield alkyl-ureas. Imide C^HClOjNH. [1315t Large colour- 
Aqueous NaOH forms cyanic acid. Alcohols in less plates. Sol. water, alcohol and ether. 


ol and ether. 


small quantities form allophanio ethers, in excess i Formed by chlorination of succinimide (Ciami- 


they give carbarn ic ethers. 

Methylamide Cl.CO.NHMe * Methyl-nrca- 


n a, Silber, B. 16, 2394). 

Chloro-fumaric acid C^HCliCOsH), [178°]. 


chlori^.* [90°]; (94°); colourless plates. (o. 190°). White pp. consisting of microscopic 

tained by passing carbonyl chloride COClj over needles. V. sol. alcohol, water, and ether, 
d^ methylamine hydrochloride heated to 140°. Formed by the combination of aoetylene-di-car- 
Distilled over lime it yields methyl cyanate boxylic acid with HCl. 

OC:NMe. Decomposed by water. Salts. — A^: large sparingly soluble 

Ethylamtde Cl.CO.NHEt ^Ethyl-urea- prisms.— A^Ag^ aq : fine crystalline pp. — 
chlor^e.^ (92°) ; colourless liquid. Obtained by A''Pb 2aq : amorphous pjj, becomicig crystalline 
massing COCl, over dry ethylam ine hydrochloride (Baudrowski, B. 16, 2695). 
heated to 260°— 270°. Distilled over lime it V. abin CHrym^.MAT.-B'Trt 


heated to 260°-270°. Distilled over lime it 
yields ethyl cyanate OC:NEt. On conversion into 


V. also CHLOaft-MALEIO ACID. 
TETRACHLOROGALLEiN 

w ..U 1 


CjoHmCl^O,. 


vajwur it dissociates into ethyl cyanate and HCl, From tetra-chloro-phthalic anhydride and pyro- 
whioh recombine on cooling. In most of its gallol at 200° (Graebe, A. 238, 337). At 180° it 
reactions it gives the same products as ethyl gives off 2aq becoming CjoHXl.O,. 

*■ CHIOROGENINE ». Amtonih*. 

■ Di’.methyl.amide a.CO.NMe.. Colour- HO C MI CcfcH CO H 81, ii. 

less liquid. Sol. C.H,. ether, and cs;. Prepared 
bj the action ol carbonyl chloride (COCy on 

dimethylamino. Is slowly decomposed by water ’■ 

into CO, and NHMe,HCl (Miohler a. EscLrich, Kn 1 f nf ' 

B 12 1162) ' oO-oO ^.c. of the theoretical. The reaction is 

' CHLOROlFORMfL-TRICARBOXYlIC ACID thj intermefliate formation of 


B. 12, 1162). 

CHLORO-FORMTL. 


slowly decomposed by water I " "irfrr • 

.HCi(MichleL. EscLrich. I 


V. CnLOBO-METHANE-TUICAnBOXYLIO ACID. , 

CHIORO-FDMARIC ACID C-HCl(COJB). 
[191°]. « 


CCljiCHjCO^Et))}. White needles (chloroform) 
or plates (hot benzene). *7. sol. water, alcohol, 
fnd ether, less in chloroform, insoLoola ben- 

J * J li IJ -• J a 


Pr'^ratum.--l. Chlorine is passed to satu. 
ration into suocinyl chloride. Methyl albohol is 1? 4 ® P 'J’l 

added to the product as long as HCl escanes * acid. By alcoholic KOH it is con- 

TheUq^d is Ku1d." VS. Syi 
chloro-fnmarata, [102°], separates. tL filtrate 

is poured into water, when a farther (Quantity of DI-CHL0E0-GLDTAJ5INB p, Dd-chlobo-di- 
this body is thrown down. HCl at 140° decom* ©^•■^mido-pybidine. 


poses the ether forming the acid (Eauder, J. pr. TRI-CHL0R0*IS0GLYCERIC AtllD v. Tri* 
[2] 81, 24). — 2. Tartaric acid ^(60 g.) and PCI, chlobo-pybdvio acid. 

(276 g.) are heated with inverted condenser. DI*CHL0R0-GLTC0C0LLv.Dx*6hLOBO-AiaDO< 
The product is distilled to 130° and the residue acetic acid* 
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l)I.OHIORO.aLTCOLIICACIO. The dialkyl 
ethers C0l2(OR').CO2R' of this acid are the 
primary products of the action of PClj upon 
oxalic ethers. On distillation under ordinary 
atmos^erio pretsurethey split off alkyl chlorides, 
and are converted into the ohloroiglyoxylic ethers 
Cl.CO.CO2R' (Anschutz, B. 19, ^68). * 

Di-n-propyl ethei*CO\(Oer).COjPT: (111® 
at 12mm.) ; colourless liquid. Formed by the 
action of fFClj upon mono-propyl oxalate 
0202(0H)(0Pr). . 

Di-isoam§l e<feerCCl2(005H„).C020jHn: 
(152° at 13mm.) ; colourless liquid. Formed by 
thq action of PClj upon mono-isoamyl oxalate 
(Anschutz a. 8oh6nfeld, B. 19, 1443). 

DI-CHL«R(VOLYCOLLO-K1TBIL£ 

CCl.,(OH).CN. 

Methyl derivative CCL2(OMe)CN. (149°). 
S.G. 1‘39. From di-chloro-acetonitrile andNaOMo 
JBauer, A. 229, 168). Pleasant smelling liquid, 
Tiearly insol. water, but slowly decomposed by 
it. V. sol. alcobol, ether, and light petroleum. 
Changes on keeping into a solid isomeride. 

Ethyl denvative CC[^{OEt)C^. (161°). S.G. 

1-339. V.D. 163-24. Polymerises forming a 
white solid. [171°]. 

Propyl derivative CCl2(OPr)CN. (183°). S.G. 
li* 1-238. V.D. 174. 

Isobutyl derivative CCljfOC^HujCN. (196°). 
S.G. ‘il* 1-123. 

These bodiositeombine with PtCl^, forming 
compounds such as CCl2(OEt)CNPtCl4 (Bauer, 

A, 229, 182). 

They are acted upon by dry HBr with fcrma- 
tion of tri-chloro-aceto-nitrile, probably as a 
result of these reactions : 

(i.) CCl2(OMe)CN-KHBr 
»MeBr-<-CCl„(OH)CN. 

li.) CC1,.(6£I)CN = HC1 + C1.CO.cn. 
iii.) CCi2(0H)CN.i- HCl = CC1,,C0.NH2 
(Bauer, A. 229, 192). 

So also difiate converts CCl2(0Me)CN 

iifto CCl,C02Me and CCj2(0Et)CN into 
CCl,C02Et. 

CHLORO-GLYO:|tIM C2H,C102N, i.e. 
CCl(NOHj.CH(NOH). [161°]. Formed by the 
action of hydroxylamine on chloral-hydrate 
(Nageli, B. 16, 499). Glistening prismatic 
needles. Sol. water and alcohol. 

CHLORO-GLYOXYLIC ETHER Cl.CO.CO..Et. 
Ethoxy-oxalyl chloride. (131°). S.G. ^ 1-216. 
V.D. 4-68 (calc. 4*71). Prepared by distilling 
oxalic ether with PCI5 (V.v. Richter^. 10, 2228 ; 
C. C. 1878, 446 ; cf. Henry, B. 4, 699). 

Properties.— Fuming liquid ; decomposed by 
water with formation of o|alio aej^d. Alcohol 
gives oxalic ether. Alcoholic NHj, gives oxamio 
ether. Aniline forms (JOaEt.CO.NPhH. 

Reactio^. — 1. Zinc ethyl, iollov/ed by water^ 
forma oxymexoio ether 0Et2(0H).C02Et (Henry, 

B. 6,949).—^ With wrea it givesiethyl oxalurate, 
NH,.C0.NH!c0.C02Et (Henry, B. 4, 599 ; Salo- 
mon, B. 9, 376).— 8. With HgPh, it gives 
phenyl-glyoxylic acid (Claisen a. Morley, B. 11, 
1696).— 4. ,With di-methyl-aniline it gives di- 
methyl-amidcdphenyl-gl/oxylic acid.— 6. With 
di-phenyl-thd/i^ea dissolved in benzene it reacts 
vigorously, giving off 00^ and ethyl chloride and 
forming aniline and a compound which is pro- 
bably thio^arbanilido -thio - ox anilide 
NPhH.CS.NPh.CO.CS.NPhH iv. Stojentinj/.pr. 


[2] 32, 2). This body melts at [231°]. It dissolves 
in ether, sparingly in alcohol, not at all in water. 
It exhibits the following reactions : (a) Warmed 
with alcoholic AgNO, it forms AgjS and di- 

K NPh-CO 

( . 

NPh-CO 

(6) Forms a red solution in aniline, which when 
wanned with dry alcohol and AgNO, forms oxalyl- 
.NPh.Ca 

tri-phenyl-guanidine, O(NPh)^ | [230°J, 

(c) Fuming HNO, forms a compound C,jH,N4S0j. 
It melts at [236°], ie insQj<^?fltiier, benzene, CB, 
and light petroleum, hnd fs readily decomposed 
bjr aqueous NaOH, p-nitraniline being formed. 
(d) Alcoholic NHj converts it into Cj^HjgN^Os, a 
body which c«y stall ises from alcohol in white 
needles, [220°], and which is itself converted by 
fuming HNOs into another body, GigHj^NjO,, 
sparingif soluble in water or alcohol, [236°].— 
CaWith phenyl thiurea, dissolved in boiling ben- 
zene, it acts thus : 2NH, CS.NPhIV ClOO.COjEt 
- NH(CS.NPh)2C202 + NH, -h EtCl + H2O. The 
product is oxalyl-di-phenyl-di-thio- 
biuret. It forms slender needles (from alcohol) 
[216°]. — 7. When warmed with phenyl-urea it 
reacts as follows: NPhH.CO.NHj + Cl.CO.CO-^Et 
= NPhH.C0.NH.C02Et-HC0 + HCl,and also in 
the foUowing way : NPhH.CO.NH2 + Cl.CO.COjEt 

= NPh<^^^NH + CIEt+H,0. The chief 

products are, therefore, phenyl-allophanio 
ether, which forms needles (from alcohol), 
[120°], and phenyl-parabanic acid, which 
£oi %18 plates (from alcohol), [208°].— 8. Withdi- 
phenylurea it forms di-phenyl-parabanio 
acid, [204°]: NPhH.CO.NPhH + Cl.CO.COjEt 

-NPh<^^^NPh-^EtCl■^H20.-9. Withfri- 

phenyl-guanidvne it forms carbonyl-tri- 
phenyl-guanidine: 

(NPhH)2:C:NPh + 2Cl.C0.002Et 

- NPh;C<^pJj> CO, HCl + HCl + CO+ EtjC,0, 

The hydrochloride of this base fonAs concen- 
tric needles (from alcohol), [190°]; its nitrate, 
B',HNO„ forms octal\pdra (from alcohol), [186°]. 
By means of fuming nitric a^d white needle of 
the formula C,jH,2N20„^aq, may be got {M. T 
Stojentin, J. pr. [2] 82, i), 

CHLORO-GTJANIDINE CH^CIN,. PVdta 
guanidine carbonate and chlorine (Eamenski, B. 
11, 1602). Palo yollo^ crystalline powder. De 
tonates about 147°. 

CHLORO-HEFTANE v. Hbpttl ohlobxdi. 
Di-ohloro-heptane O^Hi^Cl, i.«. 
Pr.CH2.CH2.CH2.CHCl2. EeptyUdens cMoridi, 
(191° cor.). From cenanthol and PCljCliimpriohi, 
A. 103, 80). Converttd by Na into heptylene. 
Alcoholic KOH gives chloro-heptylene. 

Di-onloro-heptane OtHi^cI, ie. Pr,C(^ 
(181°). From di-n-propyl ketone and PCu, 
(Tavildaroff, B. 9, 1442). 

Di-ohloro-heptane PrjCOlj. From di-isopropyl 
ketone ana POJg (Henry, B. 8, 400). Splits up 
into HCl and 0,H„01 on distillation. Alcoholio 
KOH gives O^H,, 78°). 

GHIORO-HEl^ENOIO ACID 
From propyl-aceto-acetio ether and POL (De* 
mar9ay, B. 10, 1178). OiL 
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Chloro-lieptenoio acid O^HiiClO,. From iso- 
propyl-aceto-acetio acid and PCL, ^D.). Oil. 

CHLOEO-HEPTYL ALCOHOL C,H,C10. 
(207°). S.G. ® 1’014. From octylene and HCIO 
(De Clermont, Z. 1870, 411). 

CHLORO-HEXANE n. Hexyl chloride. 
Di-chloro-liexane 

CH3.CHCLCH,.CH ,,CHCJ .CH (170'^-180^). 
From diallyl and fuming HClAq (Wurtz, <1. 0^. 
[4] 3, 161). 

Di-ohloro-hexane C.H.jCl,. (o. 182°). S.G.^ 
1;D87. From the hexane of petroleum by chlori- 
nation (Cahours, A. Ch. [4] 1, 5). 

Ei-chloro-hexMC CgHi.CI.^. (160°). Formed 
by chlorination or irijopiyi^yl (Schorlemmer, A. 
144, 187 ; Silva, B. 6, 36 ; 7, 9o3). 

Di-chloro-hexftne CuH,,,Cl., i.e. 
(CHO,.CC1.C01.(CH3).,. [160°]. From pinacone and 
POCl ' (Friedel a. Silva, B. 6, 3.^;. Crystalline. i 
Di-chloro-liexane (CH3),C.CC1,.CH3. [151°]. 
From pinaooline and PClj (Favorsky, J. “pr. [2] 
37, 393). Very volatile crystals. GK/es with 
alcoholic potash CMeg.CiCH. * 
Di-chloroGiexane C„H,,CL i.e. 
OH3.CHCl.CHCl.CHj.CH3.CH;. (c.l64°). S.G. -*^ 
1*053. From chloro-ethyl-propyl-carbinol and 
PCI, (Henry, Bl. [2] 41, 363). Alcoholic KOH 
gives C,H„C1 (122°). 

Tri.chloro-hexaneC„H,,Cl3. (c.217°). S.G. 
1*198. Formed by chlorinating n-hexane (Ca- 
honrs, J. 1863, 525). 

Hexa-chloro-hexane C„H«C1^. (0. 288°). S.G. 
1*598. From w-hexane and Cl (C.). 
CHLORO-HEXENOIC ACID v. Chlobo-ethyl 

CROTONIO ACID. 

Cbloro-hexenoic acid C^HjClOj. [61°]. F^om 
di-methyl-aceto*acetic ether and PCI, (D.). 

CHLORO-HEXENYL ALCOHOL C,H„C10. ' 
Allyl-chloro-propyl carbinol (c. 185°). S.G. 22 
1*032. Boo ®Q‘^* epichlorhydrin (150 g.), 

allyl iodide (273 g.), and zinc at 0° ; the product 
being treated with water (Lopatkin, J.pr. [2] 
80, 390). Oil. Oxidation gives chloro-oxy-valcrio 
acid* 

Acetyl derivative C„H„C10Ao. (c.205°). 
S.G, 2 1^06 ; ^ 1*048. 75*1. 

Chloro-liexenyl alcohol CaH,,C10 i.e. 

(?). Chloro-mcthyl- 

teirm-fMthylene-citrbinol. (c. 167°). From the 
following ^-chloro-hexcnyl alcohol by trcatnipnt 
with iron and acetic acid (Nattcrer, M. 5, 579). 
Liquid, si. sol. water. Docs not combine with 
Br. Gives with PCI, a ]iquid CJIoClj (100° at 
20 mm.). 

Di-ohloro-hexenyl alcohol CuH,oCl,0 i.e. 
®<S1|CH,S1>CC1.CH,0H (?). (c. 117“) 

at 20 mm. From a7-di-chloro-crotonic aldehyde 
by successive treatment with ZnEt^ and water 
(Natterer, 3f. 5, 667). Thick liquid ; v. si. sol. 
water. Does not combine with Br. u 

Acetyl derivative C^HpCipAc. (123°) 
at 20 mm. Converted by AgOAc at 110° into 
CACl(OAc), (140° at 20 mm.). 

CHLORO-BlEXINENE V. HexinKi chloride. 
Tetra-chloro-hexinene C„H,C1,. Formed by 
the action of PCI, on mannite or dulcite (IJcii, 
B. 12, 1273). 

CHLORO-HEXOIG ACH C„H„C10, U. 
CEt,Gl.CO||H. Chloro-caproic acid. 


% 

Bthyl ether EtA'. From PCI, and the oxy- 
acid (derived from oxalic* ether) (Markownilmff, 
B. 6, 1175). On distillation it gives HCl and 
hexenoio ether ; sodium amalgam gives hexoic 
(di-ethyl-acetic) acid. 

7-Chloro-isohexoic acid '' 

Me.,CClA3H,.C]?,.CO,H. 

Ethyl eider A'Et : (88° at 12 mm.). 
Formed by saturating an absolute alcoholic so- 
lution of. isocaprolactone (the lactone of oxy*- 
hexoie acid) with HOI. On distillatfbn it evolves 
HCl and yields' pyrotorebic ether (Brodt, B. 19, 
614). ^ 

Tri-chloro-hexoic acid C^H„C],0.. [64°]. 

Formed by oxidation of the corresponding alde- 
hyde by HNO, (Pinner, B. 10, 1052b Zinc and 
' HCl convert it into hexenoic acSd. 

TRI-CHLORO-HEXOIC ALDEHYDE 
C«H,C1,0. Ilcxyl-chloraU (213°). Occurs among 
the products of the chlorination of aldehyde 
(Pinner, B. 10, 1052). Potash splits it up inty 
formic acid, CjH^Clj, and HCl. 

CHLORO-HEXYL ALCOHOL C.H.aClO i.e. 
CR,.CM,XlB,.CEClCK{OU).CB^.Mcfhi/lcfiloro- 
butyl carbinol. (170°). S.G. — 1*018, From 
hexylene and HOCl (Domao, M. 2, 319). Iron 
and HOAe give sec-hexyl alcohol. 

Chloro-hexyl alcohol CgHisClO t.e. 
CH,.CHj.CH2.CH(OH).ClICl.Cn3 (?). Hexylene 
chlorhydrin. (171°). S.G. Lk 1>014. From 
hexylene oxide and HCl (Henry, 0. 22. 97, 260). 
Oil, with sweetibh taste. 

Acetyl derivative O^HiiCl.OAo. (189°). 
S.G. 2 104. 

5'-0hloro-n-hexyl-alcohol 
CH,.CHC1.CH,.CH2.CH ,.CH,.OH (?). Hexylene 
I Z-chlorhydrin. Formed by heating the glycol 
with HCl (Lipp. B. 18, 3283). Colourless liquid 
of peculiar smell. Heavier than water, in which 
it is insoluble, l^y further heating with HCl it 
is converted into the di-chloride. 

Chloro-hexyl alcohol CgH,.,ClQ; i.e. 
CMejCl.CMej.OH. [66°1. From CMe^CMej snd 
HOCl (Eltekoflf, /. 22. 14, 390). Needles, smell- 
ing of camphor. Aqueous KOH forms pinacone ; 
solid KOH gives hexylene o%ide. 

Di-chloro-hexyl alcohol CgHijCIjO. (208°). 
S.G. 1*4. From hoxenyl alcohol and chlorine 
(Destrera, A. Ch. [6] 27. 58). 

CHLORO-HEXYLENE v. Hexenyl chloride. 

Di-chloro-hexylene CgHjoCl^ i. e. 

, CH,.CC1j.CH3.CH3.CH;CH.,. Allyl-chloracetot. 

: (150°). Frqra methyl butenyl ketone and PCI, 
(Henry, G. 22. 87, 171). Heavy oil. Hot water 
reconverts it into the ketone. Alcoholic KOH 
gives^lgHjCl. ^ • 

Di-chloro-hexylene. CgHjoClj. From mesityl 
oxide and PCI,. Smells like turpentine and re- 
..sinifies in the ^r. Distillation over lime con- 
verts it into CgHjCl (130°) (Baeyer, A. 140, 298). 

Penta-chl(H»o-hexylene CuH,61,%[102°]. From 
quercite by treatment with HOI. Needles 
I (Prunier, A. Ch. [5] 16, 1). 

m-CHLOBO-HIPPURIC ACID 0,HgClNO, 
i s. [3:1] C,H,01.00.N^I.CH2.C0,3.« From hip- 
purio acid, KC10„ and HCl (Ottb, A. 122, 129). 
Found in the urine after taking>m-chloro-ben- 
zoic acid (Grabe a. Schultzen, A. 142, 340), 
Viscid mass, sol. boiling watci, mips with 
alcohol and ether. Its alkaline solution turns 
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brown in air. Boiling cone. HOI gives glycoeoU 
and m-ohloro-benzoio^aoid. 

Salts.— NaHA'n Aaq : stellate groups of 
needle8.-*CaA', : scales (from alcohol). — PbA'j. 
[100-]^ 

Di-chloro-hippuric acid CLHiCl^NO, i.6. 
[1:2:4] 0„H,C1,.C0.NH.CH2.C0,H. Foamed to- 
gether with tlio preceding by oMlorinating hip- 
purio acid with HGl, and KCIO3 (0.). Soft, 
bemi-oryata^ine mass ; less sol. water than the 
preceding acid. Cone. HCl splits it up into 
glycocoll and (L 2, 4)-di-chloro^enzoio acid. 

Salts. — N^'aq: soft warty crystals. — 
CaA'jSaq (from hot wat^r). — CaA'._j9aq. — 
Ca*A'., lOaq (from cold water).— BaA'^ 3aq. — 
PbA'j 4aq. (PbA'2)2PbO. - AgA' : cauliflower- 
like masses (fr3m hot water). 

Ethyl ether Yxtk'. Oil. 

CHLOBHYDRIN u^Glyceiiin. 

Dichlorhydrin v. Di-ohloro-propyl alcohol 
•and Epiohlorhydrin. 

Trichlorhydrin n. Tui-ohloro-propane. 

CHLOKO-HtDRACRYLIC ACID v. Culoro- 

OXY-PROPIONTC ACID. 

CHLORO-HYDRO-ATROPIC ACID v. Culoro- 

PHENYL-PROPIONIG ACID. 

CHLORO - HYDRO - CIN N AMIC ACID o. 

CnLOBO-PHKNYL-PKOPIONIO ACID. 

DI - CHLORO - HYDROC(ERULIGNON n. 

refm-Wtef/ivZ-DI-CHLORO-HEXA-OXY-DIPnKNYL. 

CHLORO . H^TORONAPHTHOQUINOITE 
C,oH,C 102 i. e. C,oH,C 1(OH)2 [117 ]. From 
chloro-(i3)-naphthoqninone in acetic acid by 
passing in SO^ (Zincke, B. 19, 2498). N^eedlcs 
(from water). 

Di-chloro-hydronaphthoquinone C,oH,.CLOj 
i.e. 0,„H,CI,(()II),. [125'^], From di-chloro- 
(i8) -naphthoquinone and SO^ (Zincke, B. 19, 
2500). Slender needles. 

Di-chloro- (a) -hy d^jonaphthoquinone 
C,oH^Cl2(On).,. [lao*^ uncor,]. Formed by shak- 
ing an ethereal sedution of di-chloro-(a)- 
rftphthoqninone with aqueoijs SnClj till de- 
colourised. Long colourless needles. V. sol. 
alcohol, ether, t^o.^insol. water. By air oxida- 
tion it is converted into the quinhydrone 
CjoHjoCl^O,, which forms long violet-brown 
needles [250° uncor.] (Claus, B. 19, 1144 ; cf. 
Graabe, A. 149, G). 

Di-acetyl derivative C,J3^CL(0Ac).« 
[236°]. 

CHLORO-HYDROQUINONE C,H.,C1(0H)2. 
[106°]. (263°). Prepared by boiling^uinono with 
HCl (Levy a. Schultz, B. 13, 1427; -4.210, 137; 
cf. Wohler, A. 61, ,155; Wichelhaus, 12, 
1504). Also frohi cliloroquinonq and SO^ 
(Stiidcler, i. 69, 307).* Monoclinio crystals, 
n:6:Cf:2-7.7:l:2-31; i8=?62°3'. V. e. sol. water 
and alcohi, sl.'sol. chlorofoMn. On oxidatio'* 
it gives chloroquinono. Heated with phthalio 
anhydride i^fpftiduces a chlorinUtod quini/arino 
which is soluble in caustic soda with a bine 
colour. Combines with aniline with formation 
of C<,HsCl(OH)22NH2Ph [92°] whteh crystallises 
from hot water in glittering plates (Niemeyer, 
A. 228, 322).* With ;j-toluidine it forms a com- 
pound meltiitg at 90°. These compounds are 
not decomposed by crystallising from hot benz- 
ene. • 

Di-acetyl derivative C^HjC^OAo),. 


[72°] (L. a. 8); [99®] (Scheid, A. 218, 216). 
Transparent prisms. Sol alcohol. 

Di-bentoyl derivative G,Hj,Cl(OBz)j. 
[130°]. Long needles. Easily soluble in hot 
alcohol, sparingly in cold. 

(a)-Di-chloro-hydroqainone 0«H,C1,(0H)3 
[2:6;4:1]. [166°] (L. a. S.) ; [172°] (Krallt, B. 10, 
800). » Prepared by boiling ohloro-quinone with 
HCl ;,or by passing dry HCl into a solution of 
chloroquinone in chloroform (Levy a. Schultz, 
B. 13, 1428 ; A. 210,148). Formed also by redu- 
cing (a)-di-chloro-quinon0 [169°] with aqueous 
SO.. (Stadeler, A. 69, 312). Long needles (from 
boiling water). May be sublimed. On oxidation 
it gives (a)-dichlor5j^uirv.ie. Combines with 
nnilino forming Cj^C4rOH),;2NH2Ph [113°], 
which crystallises in needles (from water), 
tables, or prisms (from benzene). The com- 
pound with 2)-tDluidine melts at 116° (Niemeyer, 
A. 228, 328). 

Di-acetyl derivative 0,H2Cl,(OAc)2. 
[141°]. f’ormed by the action of acetyl chloride 
oJ! quinone*or ohloro-quinone. Monoclinic 
crystals (Schulz, B. 16, 653; 210, 148) 

a:‘6:c--= 2-9:1 :1-13; /3»72°40'. 

Di-beneoyl derivative C^HjCyOBz)-, 
[185°]. Woolly needles, sol. benzene, insol. 
water. 

(i8)-Di-chloro-liydro-quinone C«H2Cl2(OH), 
[2.6: 1:1]. [168°]. Formed by reduction of the 
corresponding quinone [120°] (Faust, A. 149, 
155). Yellowish laminae (from dilute alcohol). 
Forms with jp-toluidine a compound melting at 
73°. 

Di‘ acetyl derivative CgnjClj(OAo), 
fG7°]; fine needles. 

*Di-benzoyl derivative C8H,Clj(OBz)j 
[105°] ; colourless needles (Levy, B. 10, 1445). 

Di-methyl ether C^H.Cl^^OMe)^. [126°]. 
Formed by chlorinating di-methyl-hydroquinone 
(Habermann, B. 11, 1034). Small needles ; may 
be sublimed. 

Di-isobutyl ether C,HjCl,(OCHjPr), 
(Schubert, M, 3, 682). 

Tri - chloro - hydroquinone 
C„HCl3jOH).2. [134°]. Prepared, together with 
tetraohlorohydroquinone, by boiling (a)- or (j9). 
dichloroquinone with HCl, and separated from 
tetra-ohloro-hydroquinone by solution in water 
(Levy a. Schultz, B. 13, 1^29 ; A. 210,»153). 
Formed also by reducing tri-chloro quinone with 
SO. (Stddeler, A. 69,321 ; Stenhouse, A. Suppl 
6, ‘H4 ; Griebe, A. 146, 25), and by oxidising 
benzene with KCIO, and HjSO, (KrafIt, B. 10, 
797; Carius, A. 142,* 129). Flattened prisms. 
Its alkaline solutions turn brown in the air, 
ultimately forming di-oWoro-di-oxy-quinone 
(cliloranilic acid). It forms two compounds with 
aniline: C,HCl3(OH)2, NH^Ph [60°], crystaUising 
in small nocalos, and CgHClj(OH)j, 2NH2Ph 
[67°], crystallising iff trimetrio tables. With 
phthalv anhydride it does not produce chlor* 
inatod quinizarine. 

Di-acetyl derivative CgHCl,(OAo)j. 
[163°]. Needles. 

Di-b^izoyl derivative OgHClj(OBz), 
[174°]. Needles. 

Di-ethyl ether CjaCl,(OEt),. [68*6°]. 
Long needles. 

Totra-chloro-hydroquinone 
0,01,(011)3. [232°] (Sutkowski, JB. 19, 2316). 
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CnLORO-IlYDROC^UINONE. 


Prepared by boiling (3)*diohloro-quinon6 or tri- 
ehloro-quinone with HOI (Levy a. Schultz, B. 
13, 1429 ; A, 210, 265), or by passing HOI into 
a solution of tri-ohloro-quinono in acetic acid 
(Niemeyer, A. 228, 324). Formed also by boil- 
ing tetra-chloro-quinone with SnCljjWith HClAq, 
with HBrAq, or with aqueous SOj. Monoclinic 
pyramids ; a:6:c - 3-0;l:2-68 ; j3 = 76® 34^1 May 
be sublimed. Insol. water, v. si. sol. bqpzene, 
T. sol. alcohol and ether. Reduces silver solu- 
tion. PClj converts it into C^Cl^. A cone, 
solution in hot potash deposits, on cooling, 
^isms of CoOl4(OK)2. A solution of this 
salt exposed to air forms 0,Cl202(0K.)2. Com- 
bines with anilflftf^dlormihg C,,CU0H)..NH2Ph 
[115®]. * ' 

Di- acetyl derivative C.CUOAc).,. 
[245®]. 

Di-heneoyl derivative 0^014(062)2. 
[233®]. Sol. benzene, si. sol. alcohol. 

Di -methyl ether C„Cl4(OMe).2. [154®]. 
From di-methyl-hydroquinone and 04? (Haber- 
mann, J3. 11, 1035). Needles. * * 

Di-ethyA ether C,Cl4(OEt)... [112®]. From 
tetra-chloro-hydroquinone, KOH, EtI, and alco- 
hol at 140® (Graebe, A. 146, 19). Needles. 

Methyl ethyl ether 0«Cl4(OMe)(OEt). 
[101®]. From C4H4(OMe)(OEt) and Cl (Fiala, M. 
6, 912). 

Di-isobutyl ether 04Cl4(0CH,Pr)j (Schu- 
bert, M. 3, 682). 

m . p . CHLOEO - HYDROQTTINONE - DI- 
CARBOXYLIC ETHER v. Dz-p-OHLOBo-ni-p- 
OXT-TEREPHTHALIO ETHER. 

DI . CHLORO - HYDROQDINONE DI - SUL- 
PHONIC ACID 

C^H^CljS^O, i.e, C4Cl2(OH)2{SO JI).,. From teira- 
chloro-quinone and aqueous KHSO, (Hesse, A. 
114» 324; Greiff, C. C. 1863, 1044). The free acid 
is unstable. It gives an indigo-blue colour with 
Fe^Cl*. Alkaline solutions are oxidised by air 
to euthiochronio acid — KjA" 2aq.— (NH4).A"2aq. 

Tri - chloro - hydroquinone sulphonic’ acid 
GgHgCliSOj i.e. C4Cl,(OH)2SO.,H. Formed, to- 
gether with euthiochronio acid, by dissolving 
tri-ohloro^uinone in warm aqueous K.SO, 
(Graebe, 2i. 146, 55). Deliquescent needles. 
FejCl, gives a blue colour.— KA'aq. Alkaline 
solutions are oxidised in air to 

jr aCkOK),20,(SO..K). 

CHIORO-HYD^BO-THYMOQUINONE 
0„H„C10, i.e. C«HC1(C3 H,)(CHj)(OH )2 
[2:6;S:4:1]. [70®]. From thymoquinone and cone, 
aqueous at 0® (Schniter, B. 20, 1317). 
Silky needles. * 

Di-acetyl derivative 0 ,uH,,C 1 (OAc). 2. 
[88®J . Formed bjrHhe action of acetyl chloride 
on thymoquinone. Large crystals. 

Di-henzoyl derivative [118®]. Colour- 
less needles (Schulz, B. 15, 657). 

Di-ohloro-hydro thymoquinone 

Di-heneoyl derivative G,oH„C 1 |(OBz), 2. 
[191®]. Formed by the action of benzoyl chloride 
on thymoquinone (Schulz, .0.15, 658). Sparingly 
soluble wMte needles. 

CHLORO-HYDROTOLUaDINONE* 
C4Hj(CH,)Ci(OH), [l;3or4:2:5]. [115® uncor.]. 
Formed by reduction of chloro-toluquinone [90^ 
with SOp Long oolourloss needles. Sublim- 
able and volatile with steam (Olaosa Schweitzer, 
B. 19. 929). 


I Chloro-hydro-toluquinone CjH2MoCl(OH),. 
[175®]. Obtained by thb action of cold cono. 
HCl upon toluquinone. White plates or needles. 
V. sol. alcohol, ether, and hot water, si. sol. 
ligroin (Schniter, B. 20, 2283). r 

Di - chloro - hydro-toluquinone 
CJIMegi2(OHf2. [121®]. Formed by the action 
of HCl upon ehloro-tduquinone. Not volatile 
with steam (Schniter, B. 20, 2288). Formed also 
by reducing di-chloro-toluquinone obtained frorh 
di-chlorinated o-cresol [54®] (Claus i. Schweitzer, 
B. 19, 937 ; cf. Sbuthworth, A. 168, 274). Feathery 
crystals (from water). May belublimed. 

Di-chloro-hydrotoluquinone 
CaH(CHj)Cl2(OH)2. [171® uncor.]. Formed* by 
reduction of di-chloro-toluquinonoX103®] (from 
di-ohloro-m-cresol) with SO2. Cdlourless needles. 
V. e. sol. alcohol, ether, Ac., sol. hot water, si. 
sol. cold (Claus a. Schweitzer, B. 19, 931). 

Acetyl derivative OaHMeCl2(OAc)2. 
[124®] (Southworth). « 

Tri-chloro-hydrotoluquinone CeMeCl3(OH)2. 
[212®]. From tri-chloro-toluquftiono and aque- 
ous SO2 at 100® (Southworth ; Borgmann, A. 
152, 251 ; Hayduck, .4. 172, 211; Claus a. Rie- 
mann, 0. 16, 1603). Needles. Volatile with 
steam. Turns green in moist air. 

Di- acetyl derivative C8MeCl,(0Ac),. 
[114®]. 

Di- ethyl ether CuMeClj(OEt)j. [107®]. 

Tetra - chloro - hydrotoluquinone 0,H4Cl40,. 
From tetra-chloro-toluquinonT and SO, (Brau- 
ninger, A. 185, 353). Needles (by sublimation). 

CHLORO- HYDROTOLUQUINONE DI-SUL- 
phonic ACID C 4MeCl(0H)2(S03H)2. From tri- 
chloro-toluquinone and cone, aqueous KHSO, 
(Borgmann, A. 162, 255). — KA' : lamina). 

chloro-hydeoxyloquinone 

C«HClMe2(OH)2 [x:l:4:2:6]. [147®]. Formed, 

' together with the di-chloro- compound, by treat- 
j ing xyloquinone (phlordhe) with cone. HCl 
(Carstanjen, [2] 23j421). Noedles. Fe2Cl, 
colours its aqueous solution violet. 

Di-chloro-hydroxyloquinone CaCl2Mo,(OH)2. 
[180®]. Formed as above fC.) or by reducing 
I di-chloro-xyloquinone with *hqueous SOj (Rad, 
' A. 161, 164). Coloured violet by Fe.Cly. 

DI-CHLORO-ICOSYLENE C .aHj.cX. S.G. ^4 
1013. From CjoHjg and Cl (Lippmann a. Haw- 
liczek, B. 12, 69). 

CHLOROIMIDO-CARBONICACIDC1N:C(OH)2. 

Methyl ether ClN:G(OMe)2. [20®]. Formea 
by leading chlorine into a cooled solution of 
80 pts. NaOH and 80 pts. KCN (96-98 p.c.) in 
150 pts. of methyl alcohol. White crystalline 
solid, fits reactions are the .same as those of 
the ethyl etiier. • 

E thyl ether [39®]. Formed 

by leading chlorine into a cooled solution of 
CO pts. NaOH arfd 80 pts. KCN inQOO pts. of 
ethyl alcohol ; tlie yield is 60 pts. of the pure pro- 
duct. Large colourless prisms. * w sol. alcohol 
and other, insol. water. Rotates on water. De- 
composes on distillation. Heated with aqueous 
H2S it yieldf^carbonio ether NH4CI and 8. By 
dilute acids it is split%up into cgrhbnic ether, 
chloride of nitrogen and NH,. From HI it 
liberates iodine. By warming with a solution 
of potassium arsenite it is reduced to imido- 
carbonic ether HN:C(OEt)2 (Sandmeyer, B. 19, 

I 662 ). 
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f 

TETBA-CHLORO-INDIOO CigHflCl.NjO,. Very 
inalogous to ordinary iddigo. Obtained by the 
ction of acetone and NaOH on di-ohloro-nitro* 
lenzoic aldehyde (Gnehm, 5. 17, 762). 

DI-C«LOE-Iiy)OLE CgHjCljN i.e. 

tl04°]. Cfcibf - <K^U- 

hl&ride. From oxindole«and PCI*. Crystalline 
nass smelling like ftcces. Colourless laminsa 
from hot water), v. e. sol. alcohol, ether, and 
)enzeno. Sol. alkalis. Can \)e methylated 
liaeyer, D. 12, 4|C ; 16, 786). 

di-chloeo-indonaphthoquinone 

Fon^mtidt. -•Tetrachloro - (/3) - naphthoqui- 
none is dissolved in NajCOjAq, HOAo is added 
and afterwards HCl an^ chromic acid, the mix- 
ture being gently warmed (Zincke, B. 21, 499). 
0 * Properties. — Plates (from dilute alcohol or 
nOAc). 

Dl-CHLOEO-IODHYDEIIC^. Di-chloro-iodo- 

TROPANE. 

oj8- or /Bo-CHLOEO-IODO-ACRYLIC ACID 
CHI:CaCO.;EIor CHCl:CLCO,H. [72“J. Formed 
by boiling propiolio acid with an ethereal solu- 
tion of ClI (Stolz, B. 19, 598). Pearly crystals. 
Easily soluble in all solvents. 

Chloro-di-iodo-acrylio acid CsHOjClIj i.e. 
CI.;CCl.CO,H(?). [143«]. Formed by boiling 
iodo-propiolic acic^Hvith an ethereal solution of 
ClI (Stolz, B. 19, 698). Colourless glistening 
plates. Sparingly soluble in ligrom and cold 
water, more easily in alcohol and other. * 

o-CHLOEO-IODO-BENZENE 0,H,C1I [2:1]. 
(above 233^') (Korner); (230°) (B. a. K,). S.G. 
— 1-928. From o-chloro-aniline by displacing 
NHj by I through the diazo- reaction (Korner, 
Q. 4, 343 ; Beilstein a. Kurbatoff, A. 176, 33). 

p-Chloro-iodo-benzAe C^H^CII [4:1]. [66°]. 
(227°). From# j)-chloro-aniline by displacing 
Nil. by I ; or from ;)-iotlo-aniline by displacing 
NU; by Cl. 

CHLOR-IODO-BENZOIC ACID 
C^HsClI.CO.^H [210°f. Formed by the action of 
an alcoholic solution of iodine upon chloro-sali- 
cylio acid [172°] (Smith a. Knerr, Am. 8, 95). 
Curved needles. Sol. boiling water. 

Salts. — BaA'j. Arborescent crystals. 

CHLORO - lODO - ETHANE C,jH^ClI i.e. 
CH,Cl.CEy. Ethyleiie chloro-iodide. (140°) 
(Thorpe, C. J. 37, 189). S.G. 2 2’161 (Simpson) ; 
2 2-164 (Th.). Formed by the action of ICl on 
ethylene or ethylene iodide (M.ixwcll Simpson, 
Pr. 11, 690; A. 12^, 101 ; 127, 372; Suj^l. 6, 
254). , • 

Reactions. — 1. Alcol^plio KOH gives C^n,Cl. 
2. Motet AgjO gives glycol. — 3. Zim and 
IJ,SO, give^thyfene.— 4, SilvUrioxms ethylene 
and ethylene chloride (Friodol A Silva, Bl. [2] 
17, 242).— 5.^onc. HI forms, on* heating, CjH^ 
and CjH^l2.-~6. Ammonia forms ethylene-dia- 
mine (Engel, Bl. [2] 48, 96). 

Chioro-iodo-ethane CH,.CHIC1.* Ethylidene 
chloroiodide:{y.S°). S.GeW 2*064. 

Flomafton.— Iodine (26 g.) is suspended in 
water '(120 g.) Sad saturated with chlorine in the 
cold. The chloride of iodine is then shaken 
with ethylidette iodide, the product washed with 
dilute KOH and distilled. 


Preparation.— Aljl, f8 g.) is dissolved in CS, 
(24 g.) and slowly added to ethylidene chloride 
(6 g.) dissolved in CS, (6 g.) and kept at 0° The 
product is treated as above (Maxwell Simpson, 
Pr. 27, 424). 

m-' hloro-iodo-ethane CjHjCl,!. (172°). S.G. 

2 2-219. From C,HgCl and ICl (Henry, C. R, 
98, 518f. Alcoholic KOH gives CH,:CC1, (37°). 

CHIWEO.IODO-ETHYLENE 0,H,,IC1. Acetyl- 
ene chloro-iodide. (119° i. V.) (Plimpton); (115°) 
(Sabanejeff). S.G. 2 2-230 (P.); 2 2*154 (S.) ; 
— 2*118 (S.). Formed by passing acetylene iat(x 
a solntion of ICl in HCl (Plimpton, C. J. 41 , 
392) or in ether (McGowan, P-*. E. 9, 689). 

Preparation.— Chlorine as passed into water 
(6 pts.l containing iodine (1 pt.). The liquid is 
poured off from undissolved iodine, and acetylene 
is then passed in^ (Sabanejeff, A. 216, 264). 

Rcactums.— l. Zinc and alcohol gives off 
acetylene.— 2. Alcoholic AgNO, forms needles of 
a double cpmpound.— 3. Heated with 50 vols. of 
watgr at 150°, is dissolved in 6 days the pio- 
ducts being HI, CjHCl and chloro-e^ylene oxide 
C2H,C10 (q. V.). — 4. Alcoholic KOI? gives off a 
gas that decomposes in air (chloro- or iodo- 
acetylene). 

Chloro-iodo-ethylene CH,:CC1I. (101°). S.G. 
2 2-143. From chloro-bromo-iodo-ethane and 
alcoholic KOH (Henry, C. R, 98, 741). Oil; 
turns purple in air and light, absorbing oxygen 

DLCHLORO-TETRA-IODO-FLUORESCEIN. 
Hydrate. CopH^CIJ^Ob. Formed by adding a 
solution of iodine in dilute EOH to an alkaline 
solution of di-chloro-iluorescem and acidifying 
(Le Royer, A. 238, 359). The alkaline salts are 
usedsas dyes (‘ Hose Bengale *). 

CHLOEO-IODO-METHANE CH,IC1. (109°). 
S.G. ^ 2-49. From lUg.CH,Cl and I, (Sakurai, 
C. J. 41, 3C2). 

Di-chloro-iodo-motliane CHCl,!. (131°). S.G. 
2 2*454. Chloriodoform. A liquid formed by 
the action of IlgCl, or FClj on iodoform (Serullas, 
A. Ch. [2] 25, 314 ; 39, 2-25 ; Mitscherlich, P. 
11, 164; Bouchardat, A. 22, 229; Schlagden- 
hauffou, J. Ph. [3] 30, 401 ; Borodin, A. 126, 239). 

Di-chloro-di-iodo-mathune CCL,I,.* [85°]. 
From CHI, and HgCl, (Bi>rodin, A. 126, 239). 
From CH.2CI, and IBr (H blond, A. 240, 234). 
Glittering scales, witli*pungent odour. Turned 
brown by light, alcohol, and eiher, 

CHLOEO-IODO-METHYL-PYRIDINE 
C.,HjClIN. [111°]. Chloro-iodo-picoline. From 
chloro-(a)-picolijie, [21°J, by digesting with I 
and NaOH. rrisnif., apparently triraetrio (Ost, 
J.pr. [2] 27, 257). 

CHLOEO-IODO-NITBO-BENZENE 
C.H,C1I(N02) []:3;4] [63°]. From the oorre- 
Bfondin g chloro nitro- aniline [123°] by displacing 
NH^by UhroDghthe diazo- reaction (Korner, Q. 
4,881). Prisms (froit^ethei'-aloohol); volatile 
with Bte<^i ; at. sol. coM lilcohul. 

Chloro - iodo • niti 0 - benzene C,H,C1I(N Oj) 
[1:4:3]. [63°J. •From chloro-uitro-aniline [116°] 
by the diazo- reaction (K.). Spherical groups 
of needles ({rom hot alcohol). 

CHLOEO-IODO-o-OXY-BEHZOIO ACID 
C,Hj(OH)ClI(C0.2H) [2*.a!:6:l]. Ohhr-iodo-sali- 
,cylic acid. [224°]. Prepared by heating ohloro- 
salicylio acid witbPiodine and HgO in alcoholic 
aolution (Smith a. Knerr, Am. 8, 96), Colour- 
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less needles (from dilute alcohol). V. si. sol. 
not water. Gives a violet colour with Fe..CL. 

Salts.- BaA'j4^aq : pink needles; m. sol. 
water. — NaA 2aq: flat needles. — CaA' 5aq : 

pink 

leaflets; sol. hot water. — ZnA', 3aq : \5iite 
needles ; v. sol. hot water. 

Methyl ether MeA'. [130°]. Flat needles, 
hot alcohol ‘ plates.w V. sol. 

C,HCl3l(OH). 

cL J* i?rom tn-chloro-amido-phenol by diazo- 
reaction (Lamport, J. pr, [2] 33, 391). White 
needles (from al9ohol). 

derivtftiv^ 'C«HCl3l(0Et). [61°]. 

CHIOBO-IODO-PEOPANE C.h'cII U. 

C^,.CHCl.CH2l. (149°). S.G. 1*933 ; 5^^ 1*889. 
Prom propylene and aqueous ICl (Maxwell Simp- 
* Friedel a. Silva, A. Ch. [2] 17, 
636). Converted by HgCl, at 100° into propyl- 
ene chloride. HI at 100° gives isopropyl iodkle 
and is^ropyl chloride (Sorokin, H. 3. 626 * 
cnlxjchcr ‘ Alcohodo KOH gives 

Chloro-iodo-propane CH,.CC1I.CH3. Chloro. 

^■acetol (c. 120°) at 10 mm. S.G. 2 1*821. 
J^om CH,.CC1;CH3 and HI (Oppenheim, A. 
Supl, 6, 359). ^ Decomposed by distillation 
acetone pressure. Moist Ag.O gives 

C^H^Cl,!. DUhloro- 

‘■'o 

CHLOBO-IODO-PEOPYL ALCOHOL 

cfiloroicdhydrin. (226°). 
S.G. fi 2*06. From epiiodhydrin and HCl ; or 
rom epicWorhydrin and HI (Beboul, A. SuppL 
epichlorhydrin. 

CHLOEO-IODO-PEOPYLAMINE 

allylamine hydrochloride 
S99),-B'3H,PtCL. 

CHLOEO-IODO-PEOPYLENE arfcil i.e 

^^^’GClCnjL (o. 160°). S.G. 14 1-913. From* 
di-cWoro-propylene and Cal^ at 100° (v. Bom- 
w 233). Combines with mer- 

OU17. Heated with KOH or Ag^O it yields «- 
cWoro-aDyl alcohol. AgNO, gives a-chioro-aUyl 
nitrate. ^ 

Chloro-iodo-propylener C.H.CU i e 
CHClrCaC^. /162°). S.G. is 1*97. Colourless 
liquid, with irritating odour and sharp taste. Pre- 
heating diy Cal, with CHCl.CH.CH.Cl 
heating dry KI or Cal, in excess 
with ^yhdene chlorid^i at 100° for 24 hours 
combines with Hg forming white plates, very 
soluble m alcohol. With KOH it yields ^-chloro- 
allyl alcohol (P. vf Rom burgh, R,T.C 1 2331 
(a).CHLOEO-IODO-TOLir£NE O H ClI 
(2p°). S.G. iZ 1-716. From (a).chloro.nitro- 
toluene by reduction and displacement of NH, by 
diazo- re^tion (Wroblewsky. Z 
[2] 6, 164 ; A. 168, 210). Liquid. « 

(A)-Cliloro-iodo- toluene C,H^C1I. [10°]. (240°). 

(^)-chloro-nifto-toIuene (W.) 
Chloro-iodo-toluene C,H,C1I. (240°). S.G. ^ 
chlorinated o-toluidute ffloilstein 
a. Kuhlberg, A. 166, 82). 

CHLOEO-ISATIH n. Isatin. 

CHLOEO . ISAXOIC ACiy C,H<ClNO, m. 

C.H.CI<^CO.H. [265»-268»]. Promchloro- 


OHriORO-IOIK).OXY-BENZOIO ACID. 


isatin (10 g.), CrO, (20 g.), and HOAo (120 g.) 
(Dorsch, J. pr. [2] 33, i^), Pesrly plates (from 
I alcohol-acetone). Insol. water, ether, and bena- 
one. Boiling cono. HCl gives CO, add ohloro-o- 
amido-benzoio acid. Ammonia gives <00, and 
chloro-bonzayiide. 

Di-chloro^atoio acid C,H,CI,<^^^>CO,II. 

[266°]. Fromdi.ohloro-isatin(10g.),Cr*O>, (15 ji.) 
and HOAc (60 g.) (D.). Yellow apriams 
' alcohol-aceton'*' 


(from 


CHLORO-^GTIC ACID v^Ciiloro oxy-pbo* 

PICNIC ACID. 

CHLORO-LEVDLIC ACID v. Chloro-acetyl- 
propionic acid. • 

CHLOEO-LtJTIDINE v. O/iLOfto-Dr-UETirrL- 

PYRIDINE. 

CHLORO-M.^Ei(C ACID C,ClH(COJI) . 
p72°]. The acid so cafled by Perkin audDuppa 
IS probably chloro-fumario acid {q. v.). « 

^ Formation . — Among the products of the no- 
tion of ClOH on benzene (Cajius, A. 142, 139 * 
155, 217 ; cf. Kek<il6 a. Strecker, A. 223, 183). 
Salts. — KHA" aq. — BaA"5aq. Crusts. 
Anhydride C2C1H:CA. [0°] and [34*5°], 
Formed by heating a mixture of chloro-fumario 
acid and its chloride (Perkin, 0, J» Proc. 4 76) 
Dimorphous. ’ 

Di-chloro-malei’c acid C,C1 .(CO,H),. 

Preparation. -The chloride C,C1,(C,C1.0) 
(see below) warmed with cqfjj. H,SO, dissolves 
with evolution of HCl. The crystals which se- 
parate ^nhydride) are dissolved in water (bo- 
co^ng hydrated), the solution is extracted with 
ether, and the ethereal extract evaporated and 
plwed over H,SO,. Hygroscopic crystals of the 
acid are formed. On sublimation they split up 
into H,0 and the anhydride, C,C1,(C0),0. The 
acid may also be obtained by boiling its imide 
with potash. 

Properties. — Hygroscopic crystals. Changes 
over H,SO, into the anhydride. -‘Also by boiling 
with ligrom (40°), in which the anhydride dig. 
solves, but the &oid does not. 

Salt.— Ag,A". Silky needles. Explodes 
when heated. 

Methyl ef 7ter.— Mo,A". (225°). 

Anhydride Gfi\,{CO)S). [120°]. Lamin®; 
may be sublimed. Slowly dissolves in water, 
changing to the acid. 

Tetrachlorinated derivative of the 
anhydride C,CL(0,CLO). 

{(f) SoHd : t4^J '(2(59*). 


. - , , V.D. (H- 

(?c,ci,(cci,), 0 ). 

, , (194°-214°). V.D. [11 = 

(?c,(a,(ccgcocih \ ' 

Prepamfion.— By heating a mixture of Po'ci 

fT,i- flnr»n’nvl /o » \ j i ^ * 


(Theory 27^).' 

(o) Liquid : (194°- 


(24 g.), sucemyl chloridp (8g.) and PCI, .-.ug., m 
sea ed tubes at 230°. The product* is ffistilled 
an^d the fraction‘l26°-216°i8 treateft with water. 
The heavy oil ‘which separates, is distilled with 
steam. It is chiefly liquid chlori^. To get the 
TOhd isomende, the liquid is heated with PCI, at 
2o0 the product poured into water and distilled 
with steam- The oily ^stillate is dried over 
^”^^^®tjlled. The distillat^de'posits plates 
of the solid chloride, which may be reorystallised 
fijjm alcohol of 90 per cent. (K&der, /. pr. [21 
01, 2, 7). 

ReMtimu.-!. Warm cono. m,SO, oonrartt 
both the solid and the liquid chloride into di- 



77 


TRI-OHLORO-METHANE SULPHINtO AOID. 

* 


ohloro-malelo anhydride.— 2. The vapour under- | 
goes dissociation when heated strongly, hence 
the V.D. is rather low.— 3. Water and dilute 
NaOH haye hardly any action on the chlorides. 
The lit^jud chloride is readily decomposed by al- 
coholic NaOH, Arming di-chloro-maleic acid. — 
4 . Sodium amalgam reduces it tn alcoj^olio so- 
lution to succinic acid, di-chlonp-maleic anhy- 
dride being also formed.— 6 . The liquid chloride 
id* violently attacked by ammonia. The solid 
chloride is ^ot attacked by alcoholic ammonia 
below 130°. Eth>lamine and adiline attack the 
liquid, but not*the solid chloride.— 6 . Neither 
chloride is attacked by Cl or Ur. — 7. PClj at 250° 
converts the liquid into the solid chloride, but 
breaks bothjup thus : 

C,C1,(C2C1,^) ^-SPCL, = 2C,C1« + 2PC1, -f PC1,9. 

Imide C 4 Cl.p.^NH. Formed by chlorination 
of succinimide at 150°4 or by boiling per-chloro- 
pyrocoll ortho-bromide with dilute acetic acid 
ICiamician a. Silber, B. 10, 2393 ; 17, 553 ; Q. 14, 
31). Trimetrio crystals, a\h:c = *9922 : 1 : 1*6934. 
V. sol. hot wattr, alcohol, and ether. Heated 
with PCI 5 at 200° for 24 hours it is converted 
into the per-ohlorido C^C1,N, which is reduced 
by zinc-dust and HCl to tetra-chloro-pyrrol. By 
heating with water it yields (o)-di-chloro-acrylio 
acid, COj, and NH,. 

Perchlotinatcd iwtideC^CljN. [70°-73°]. 
(144° at 20 mm.). White wax-like solid. V. sol. 
alcohol, ether, and acetic acid, nearly insol. 
water. Formed % heating di-chloro-maleimide 
with PClj at 200° for 24 hours. Zinc-dust and 
acetic or hydrochloric acid reduce it to tetra- 
chloro-pynol (Ciamician a. Silber, B. 17, fr54). 

Phenyl.imidt C,Cl,<™>NPh. [201°]. 

Silvery plates. Got by action of PCI 5 on phenyl- 
Bucciniraide (v. Succinimide). HCl decomposes 
it into aniline and di-chloro-maleic acid. 

CHLOKOMALONia ACID C^HjClO* t.e. 
CHC1 :(COjH), ri33°]. Formed by saponifica- 
ti#n of the ether by coIS alcoholic KOH (Conrad 
a. Guthzeit, B, 16, 606). Priems. Sol. water, 
alcohol, and ether. Heated to 180° it loses COj 
and gives ohloro-ai^tio acid. — A'Ag: white crys- 
talline pp. 

Diethyl ether (222°). S.G. 1-185. 
Prepared by the action of chlorine on malonic 
ether. On saponification with KOH it gives 
tartronio acid (Conrad a. Bischoff, B. 13, 600 ; 
A. 209, 218). The sodium derivative reacts 
with [3:1] C,H,(CH^r), with production of 
C„H,(CBL.CCl(CO.;Et)j)„ whence aldoholic KOH 
gives OBHdCH;CH.C 02 H)j (Perkin, G. J. 63, 14). 

Amide CHCKpONHjlj. [170°]. T^iles, v. 
sol. hot water and alcohol. * • 

CHLORO-MECONK; acid r. Meconio acid. 

CHLORO-m^CYLENE v. Chloro-pentinene^ 

CHLOrI-TRIMESIC ACii C^jCliCOjH),. 
[278°]. From ^ xy-trimesio aci4 and PCI* (Ost, 
J. pr, [2] S, 808). Needles or tables (from 
water) (containing aq).— Ba,A'", 7aq ; m. sol. 
hot water. « 

CHLORQ - MESITYLENE C«Hj01(CH3),. 
(205°). Fortiod, together with di- and tri- 
chloro-mesityione by passing chlorine into cold 
mesitylene (Fittig a. Hoogewerff, A. 150, 323 ; 
Z. [2] 6 , ICSL Fuming HNO, forms a di-nitro- 
derivative [IT?®]. 


w-Chloro-mesitylene 0,H8(CH,),C!H,01. (215°- 
220°). Obtained by chlorinating mesitylene at 
216° (Robinet, 0. B, 96, 600). NaOAo gives 
C,H3(CH8)8 CH,OAo. (242°). 

Di-chloro-mesitylene C,HCl2(0H,),. [69°]. 

(244°). Formed by chlorinating cold mesitylene 
(F. a. H.). Prisms (from alcohol). Volatile 
with B^am. 

w-pi-chloro-mesitylene CgH,(CH,)(CH 2 Cl),, 
[41°]. (260°). Formed by chlorinating mesityl- 
ene at 216" (R.). Needles. 

Tri-chloro-mesitylene 03 Cl,(CHj),. [206°] 

(P.a.H.); [208°] (Kurbatoff, J. B. 1888 [1] 129'j. 
(280°). From cold mesitylene and excess of Cl 
(Kane, P. 44, 474 ; F? a. HJ ' From o-di-chloro- 
benzene, Al^Cl,, and “MeCP at 100° (Friedel a. 
Crafts, A. Ch. [6] 10, 411). Slender needles (from 
alcohol). Not attacked by oxidising agents. HI 
(S.G. 1*9) heated with it Wms mesitylene. 

w-Tri-chloro-mcsitylene C 4 H 3 (CHjCl),. ( 0 . 
280°). Prepared by heating the corresponding 
alcohol jvith HCl and fractionating the crude 
product in va*uo. Has not been obtained pure. 
Heavy oil. Boiled with water and^jPbCO, it re- 
generates CjHj(CH 20 H), (Colson, A. Ok. [6] 6, 
97). 

CHLORO-MESITYLENIC ACID 

C,n 8 Cl(CH 3 ) 3 (CO,H) [4:3;6:1]. From ohloro- 
mosityleiie and dilute HNO 3 (Fittig a. Hooge- 
werff, A. 160, 325). Monoclinic prisms (from 
alcohol). Turns brown above 200° without melt- 
ing. 81. sol. boiling water. — BaA'j 4aq.— 
CaA'j 5aq : tufts of flattened needles. 

CHLORO-METHACRYLIC ACID C^H^ClOj. 
[69°]. From tri-chloro-isobutyric acid, HCl, and 
zinc-dust (Gottlieb, J, pr. [2] 12, 19). Formed 
als5 by heating an aqueous solution of sodium 
citra-di-chloro-pyrotartrate ; or by passing chlo- 
rine into an aqueous solution of sodium citra- 
conate (Swarts, J. 1873, 583; Morawski, pr. 
[2] 12, 369; SiU. W. [2] 74,39). Needles, vola- 
tile with steam. 

Salts. — KA' aq. — AgA' . — CaA', 3aq. — 
BaA'j 4aq.— PbA'j aq.— CuA'(OH). 

Ethyl ether EtA'. (167°). 

Di-chloro-metbacrylio acid 'C,H,CLO,. [64°]. 
(216°). Formed by the action of alkalis on tri- 
chloro-isobutyrio acid (Gottlieb, J. pr. [2] 12, 8 ; 
Morawski, C. G. 187^, 131). Slender prisms ; 
may be sublimed. Attacks the skyi. Sodium 
amalgam forms isobutyrio acid. — NaA'aq. — 
KA' iaq.— AgA'.— CaA'j2aq.— PbA'jaq. [100°].— 

CuAV 

CHLORO-METHANE v. Methyl chlobidb. 

Di-obloro-methane’v. Methylene ohlobidb. 

Tri-chloro-metbane v. Chlobofobm. 

Tetra-ohloro-methane 4;. Cabbon-tetba- 

CllLOBIDE, vol. i. p. 688. 

CHLOHO - METHANE . TRICARBOXYLIC 
ETHER CCl(CO,Et), (210°) at 140 mm. Pre- 
pared by clfioriuation'of methane-tricarboxylio 
ether, ^y saponification it yields oxy-methane- 
tricarboxylic acid (carboxytartronio acid) (Con- 
rad, B. 14, 618). 

TRI-CHLORO-METHANE 8TT1PHINIC ACID 
*CCl,.SOaH. From tri-chloro-methane sulpho- 
chloride and alcoholic KCN or H^S (L6w, Z, 
1869, 82, 614 ; Rathke, A. 161, 149). Unstable 
needles.— Salts.-- K A'. Its solution gives with 
Br a oharacteristij pp. of CCls.SOj,Br. Boiling 
water converts it into CIICL^(S 03 K). HNO, gi . es 
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OHLORO-IODO-OXY-BENZOTO ACID. 


less needles (from dilute alcohol). V. si. sol. 
not water. Gives a violet colour with Fe..CL. 

Salts.- BaA'j4^aq : pink needles; m. sol. 
water. — NaA 2aq: flat needles. — CaA' 5aq : 

pink 

leaflets; sol. hot water. — ZnA', 3aq : \5iite 
needles ; v. sol. hot water. 

Methyl ether MeA'. [130°]. Flat needles, 
hot alcohol ‘ plates.w V. sol. 

C,HCl3l(OH). 

cL J* i?rom tn-chloro-amido-phenol by diazo- 
reaction (Lamport, J. pr, [2] 33, 391). White 
needles (from al9ohol). 

derivtftiv^ 'C«HCl3l(0Et). [61°]. 

CHIOBO-IODO-PEOPANE C.h'cII U. 

C^,.CHCl.CH2l. (149°). S.G. 1*933 ; 5^^ 1*889. 
Prom propylene and aqueous ICl (Maxwell Simp- 
* Friedel a. Silva, A. Ch. [2] 17, 
636). Converted by HgCl, at 100° into propyl- 
ene chloride. HI at 100° gives isopropyl iodkle 
and is^ropyl chloride (Sorokin, H. 3. 626 * 
cnlxjchcr ‘ Alcohodo KOH gives 

Chloro-iodo-propane CH,.CC1I.CH3. Chloro. 

^■acetol (c. 120°) at 10 mm. S.G. 2 1*821. 
J^om CH,.CC1;CH3 and HI (Oppenheim, A. 
Supl, 6, 359). ^ Decomposed by distillation 
acetone pressure. Moist Ag.O gives 

C^H^Cl,!. DUhloro- 

‘■'o 

CHLOBO-IODO-PEOPYL ALCOHOL 

cfiloroicdhydrin. (226°). 
S.G. fi 2*06. From epiiodhydrin and HCl ; or 
rom epicWorhydrin and HI (Beboul, A. SuppL 
epichlorhydrin. 

CHLOEO-IODO-PEOPYLAMINE 

allylamine hydrochloride 
S99),-B'3H,PtCL. 

CHLOEO-IODO-PEOPYLENE arfcil i.e 

^^^’GClCnjL (o. 160°). S.G. 14 1-913. From* 
di-cWoro-propylene and Cal^ at 100° (v. Bom- 
w 233). Combines with mer- 

OU17. Heated with KOH or Ag^O it yields «- 
cWoro-aDyl alcohol. AgNO, gives a-chioro-aUyl 
nitrate. ^ 

Chloro-iodo-propylener C.H.CU i e 
CHClrCaC^. /162°). S.G. is 1*97. Colourless 
liquid, with irritating odour and sharp taste. Pre- 
heating diy Cal, with CHCl.CH.CH.Cl 
heating dry KI or Cal, in excess 
with ^yhdene chlorid^i at 100° for 24 hours 
combines with Hg forming white plates, very 
soluble m alcohol. With KOH it yields ^-chloro- 
allyl alcohol (P. vf Rom burgh, R,T.C 1 2331 
(a).CHLOEO-IODO-TOLir£NE O H ClI 
(2p°). S.G. iZ 1-716. From (a).chloro.nitro- 
toluene by reduction and displacement of NH, by 
diazo- re^tion (Wroblewsky. Z 
[2] 6, 164 ; A. 168, 210). Liquid. « 

(A)-Cliloro-iodo- toluene C,H^C1I. [10°]. (240°). 

(^)-chloro-nifto-toIuene (W.) 
Chloro-iodo-toluene C,H,C1I. (240°). S.G. ^ 
chlorinated o-toluidute ffloilstein 
a. Kuhlberg, A. 166, 82). 

CHLOEO-ISATIH n. Isatin. 

CHLOEO . ISAXOIC ACiy C,H<ClNO, m. 

C.H.CI<^CO.H. [265»-268»]. Promchloro- 


isatin (10 g.), CrO, (20 g.), and HOAo (120 a,) 
(Dorsch, J. pr. [2] 33, i^), Pesrly plates (from 
I alcohol-acetone). Insol. water, ether, and bena- 
one. Boiling cono. HCl gives CO, add ohloro-o- 
amido-benzoio acid. Ammonia gives <00, and 
chloro-bonzayiide. 

Di-chloro^atoio acid C,H,CI,<^^^>CO,II. 

[266°]. Fromdi.ohloro-isatin(10g.),Cr*O>, (15 ji.) 
and HOAc (60 g.) (D.). Yellow apriams 
' alcohol-aceton'*' 


(from 


CHLORO-^GTIC ACID v^Ciiloro oxy-pbo* 

PICNIC ACID. 

CHLORO-LEVDLIC ACID v. Chloro-acetyl- 
propionic acid. • 

CHLOEO-LtJTIDINE v. O/iLOfto-Dr-UETirrL- 

PYRIDINE. 

CHLORO-M.^Ei(C ACID C,ClH(COJI) . 
p72°]. The acid so cafled by Perkin audDuppa 
IS probably chloro-fumario acid {q. v.). « 

^ Formation . — Among the products of the no- 
tion of ClOH on benzene (Cajius, A. 142, 139 * 
155, 217 ; cf. Kek<il6 a. Strecker, A. 223, 183). 
Salts. — KHA" aq. — BaA"5aq. Crusts. 
Anhydride C2C1H:CA. [0°] and [34*5°], 
Formed by heating a mixture of chloro-fumario 
acid and its chloride (Perkin, 0, J» Proc. 4 76) 
Dimorphous. ’ 

Di-chloro-malei’c acid C,C1 .(CO,H),. 

Preparation. -The chloride C,C1,(C,C1.0) 
(see below) warmed with cqfjj. H,SO, dissolves 
with evolution of HCl. The crystals which se- 
parate ^nhydride) are dissolved in water (bo- 
co^ng hydrated), the solution is extracted with 
ether, and the ethereal extract evaporated and 
plwed over H,SO,. Hygroscopic crystals of the 
acid are formed. On sublimation they split up 
into H,0 and the anhydride, C,C1,(C0),0. The 
acid may also be obtained by boiling its imide 
with potash. 

Properties. — Hygroscopic crystals. Changes 
over H,SO, into the anhydride. -‘Also by boiling 
with ligrom (40°), in which the anhydride dig. 
solves, but the &oid does not. 

Salt.— Ag,A". Silky needles. Explodes 
when heated. 

Methyl ef 7ter.— Mo,A". (225°). 

Anhydride Gfi\,{CO)S). [120°]. Lamin®; 
may be sublimed. Slowly dissolves in water, 
changing to the acid. 

Tetrachlorinated derivative of the 
anhydride C,CL(0,CLO). 

{(f) SoHd : t4^J '(2(59*). 


. - , , V.D. (H- 

(?c,ci,(cci,), 0 ). 

, , (194°-214°). V.D. [11 = 

(?c,(a,(ccgcocih \ ' 

Prepamfion.— By heating a mixture of Po'ci 

fT,i- flnr»n’nvl /o » \ j i ^ * 


(Theory 27^).' 

(o) Liquid : (194°- 


(24 g.), sucemyl chloridp (8g.) and PCI, .-.ug., m 
sea ed tubes at 230°. The product* is ffistilled 
an^d the fraction‘l26°-216°i8 treateft with water. 
The heavy oil ‘which separates, is distilled with 
steam. It is chiefly liquid chlori^. To get the 
TOhd isomende, the liquid is heated with PCI, at 
2o0 the product poured into water and distilled 
with steam- The oily ^stillate is dried over 
^”^^^®tjlled. The distillat^de'posits plates 
of the solid chloride, which may be reorystallised 
fijjm alcohol of 90 per cent. (K&der, /. pr. [21 
01, 2, 7). 

ReMtimu.-!. Warm cono. m,SO, oonrartt 
both the solid and the liquid chloride into di- 



116°]: needles, sol ether. 

. On heating with alkalis {shhrofO]^- is split 
fl, and methyl -ahiido-beiizoie aldetiyde is 
ormed. • . » 

Salt.— thick prisrtis, v. sol. hot, v. 
1. Bol. aftid, watet. 

Tri - chloro - di - methyl-p-amidos- phenyl ethyl 
looholOCl.OH(OH).0,H,.NMe,. ?lir]. White 
latea. Obtained by adding 6 pts. of powdered 
InOij to a cooled mixture of 10 pts. -of chloral 
^rate and ^0 pts. of dimothylaniline, and al 
)wing the mixture to stand at aj^out 50° for 24 
ours; yield By boiling with aqueous or 

[ooholio KOH it is decomposed into chloroform 
id di- methyl -^-aniido-benzaldehyde [73°].— 
'H(51. Sparingly soluble colourless needles 
loessncck, 1516). 

c-CHLORO-TETRA-METHYL - p - DI- AMIDO - 
Ri-PHENYL-METHANE 
,n,Cl.Cn(C«H^.NMe,),,.* [143°]. Obtained by 
eating together di-niethyl-aniline and p-chloro- 
Inzaldehyde in presenco of ZnCl^ (Kaeswurm, 

. 19, 742). Sma^ colourless concentric noodles, 
ol. benzene, alcohol and ether, sparingly in 
groin, insol. water. On oxidation it gives the 
u’binol base which forms colourless crystals 
L46°], easily sol. benzene and other, of which the 
inc double chloride is a bluish-green dyestuff. 

Salta. — B"H ,Cl.PtCl| ; easily sol. yellow 
rystalline pp. The c h 1 o r i d o and sulphate 
re easily soluble colourless salts. 

i!/'a:o-Di.chloro-(i|-mcthyl.di.amido-di-phenyl- 
lethane OCl,(C,H,NMe,),. From CS(C«II,NMe,)j 
nd BzCl in CS, (Baitllor, B. 20, 3289). Con- 
erted by water into the ketone CO(CrtH<NM,^^)^. 

:..CHLORO-METHYL-o-AMIDO.STYRENE 
bH,(NH'\Ie).ClI:CIICl. Formed by mothylation 
f ohloro-amido-styrcno (Lipp, B. 17, 2509). 
iiquid. V. sol. alcohol and ether, nearly insol. 
^atcr. Volatile with steam. Hoated with 
odium ethylate at 13p°-140° it is converted 

ato methyl-indalo ^CH. 

• \NMe/ 

i/.DI-CHLORO-METHYL-AMllJE v . Methtl- 

MINE. 

CHLORO-METHYI-ANILINE C,H,C1N I.C. 
),H^Cl.NHMe, (240°). Formed by treating 
lMe(CHO).C,H 3 Cl.CO,H witli cone. HCl (La 
Joate a. Bodewig, B. 18, 430). Liquid.— 
VHCl: [164°]. 

7n-Chloro-methyl-anilin0 [3:1] CgH 4 Cl.NHMo. 
Icetyl derivative C„H,Cl.NMoAo. [9.3°]. 
i’roin m-chloro-di-raethyl aniline %nd AcBr 
Staedel, B. 19, 1948). Tables, v.e. sol. benzene. 

^^-Chloro-methyl-aniline Nitrosamine, 
IgH^Cl.NMe.NO. [51°]. Frpm p-ohloA-di- 
nethyl-anilino and nitron* acid (Kodh, B. 20, 
1459). « 

o-Chl(*o.di.metl^yl -aniline Ca^Cl (NMe,) [1:2]. 
206°), FoAied by heating o-ohloraniline 
lydrobromide (1, mol.) with m^hyl alcohol 
rather more tftan 2 mols.) for 10 hours at 145°. 
Holourless fluid. The hydrochloride forms 
lygroBoopio needles, the ferrooyayide white 
irystals, insol water.— B'^ClaPtCl (Heidlberg, 
5. 20, 149). • • • 

m-Chloro>di-n^thyl-aniline [8:1] 0,H4Cl.NMej. 
232°). From m-chloro-aniline hydrobromide (a 
ittle over 3 mols.) and MeOH (1 mol.) by heat- 
ng tor 8 houri%t 146° (Baur &. Staedel, B. 10, 


32). . Ao^r decomposes it in the cold, displacing 
Me % Ao,' and' forminj C8H4ClNMeAc (Staffdel, 

B. 19, 1948).— B'HBr: red plates.— BTLCl ; 
slender needles. — slender yellow 
needles. 

p-Chloro-dl-methyl-anilineO,H401.NMej[l:4]. 
[36°]. (230°). Prepared by the action of CUjCl, 
upon tj^e diazo- compound of w-di-methyl-p- 
phenylene diamine. Large flat glistening needles. 
Sol. aftohol, ether, and benzene, insol. water. 
The ferrooyanide forms microscopic prisms.— 
B^aHjCljPtClj : golden-yellow prisms (Heidlberg, 

B. 20, 151). 

Di-chloro-di-methyl-aniline CuHjClNMo^. 
(234°). From dimetliylanilino and Cl or SO .Cl, 
(Krell, B. 5, 878 ; Wen^ibffef, J. pr. [2J 16, 462). 
Liquid.— B'aH.PtClg. 

Tri-chloro-di-methyl-anlline OgHjCljNMoj. 
[32°]. (257°). from di-mothyl-aniline and Cl 
(K.).-B HCl.-B',HaPtCl„. 

CHLORO-METHYL-BENZENE V. CnnoRO- 

TOLUENE. 

filhlorcTdi-n^thyl -benzene v. Culoro-xylene. 
Chloro-trl-methyl-benzene n. (Jiloro-mesi- - 
TYLENB and CHLOR0-\f/-OUMENE. 

Chloro -tetra-methyl-benzene v» Culoro- 

OXJRENB. 

I Hexa-ehlor-heza-metliyl-benzene 0,aH,2Cle. 
[269°]. S.a 1-609. Probably 0.(CH2C1),. 
Formed by the action of PCI5 upon Oa(CHj)g. 

I Colourless, flattened prisms ; commences to sub- 
lime at 269° ; v. si. sol. ether, or hot CHClj. In 
contact with boiling water, made slightly alka- 
line, it very slowly loses all its chlorine, giving 
a body of an alcoholic nature, [180‘'], v. sol. 
acids ; which is sol. alcohol, si. sol. ether, v. si. 
sol. v^iet (Colson, Bl [2] 46, 197). 

Hexa-ohlor-hexa-methyl benzene OuH^Olg. 
[147°]. 0,(CC1,)(CH,,C1),(CH,)2. Formed to- 

gether with the preceding syminetrical isomeride 
by the action of PCI5 upon Cg(CH3)g. Colourless 
I crystals ; sol. CHCl,. Boiling water, slightly 
I alkaline, removes its chlorine. The product is an 
i alcohol-acid, probably C,(CH20H)3(CH,)2(C02H) 
(Colson, Bl [2] 46, 198). 

1 TRI - CHLORO - TRI - METHYL - CARBINYL 
CHLORIDE V. Tetra-ohloro-isobutane. 

TRI-CHLORO-DI-METHYL CARBONATE 
CO(OMe)(OCCl,). (91°) at 42 mm. Formed by act- 
I ing on methyl alcohol with ClCCKCClj (Hentschel, 

I J. pr. [2] 36, 314). 

Hexa-chloro-di.methyl-carbonateCO(OCCl,)2. 
[79°]. Distils undecomposed. Colourless crystals. 
Prepared by the action ofjDl on methyl carbonate 
(Counoler, B. 13, 1698). 

CHLORO - METHYL -pseude^- CARBO-STYRIL 

r. CHLORO-OXY-METIITL-QOmOLINE. 

B-CHLORO.a-METHYL CROTONIC ACID 
CH,.CC1 :CMo.C 02H. [69-5°]. Solidifies at 65°. 
|210°). From raethyl-ac|to-acetio ether and PCI5 
(Isbert, A, 234, 188). Laminsa (from hot water). 
Saltsf-MgA'2 2aq.-ZnA'liaq. , . 

BeactioTis. — 1. NaOEt forms the ethyl deri- 
vative of B-oxy-oi-methyl-crotonio acid. 2. Cone. 
KOHAq forms methyl ethyl ketone and CO, : 
ohloro-butylAe ifl not formed as Demar(jay 
asserts 

Ethyl ether (173°). 

PER-OHLORO - Tfil - METHYL - CTANIDINS 
V , Paranitrile of Tbi-c hloro-aoktio aoxd 
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CHLORO-TRIMETHYLENE GLYCOL. 


CHLOBO<TBIMETHYL£N£ OLYOOL v, 

QlTOEBIN (j8)-0HLORHYDBm. 

CHIiOBO-METHYL ETHEB v. Chlobo-dz* 

HBTHYL OXIDE. 

CHLOBO - METHYL - ETHYL - GLYOXALINE 
CjHjClNj. Chloro-oxal-6thylin6. (218®). S.G. 
1-142. From either di-ethyl-oxamide by PCl^(Wal- 
laoh, .4. 184,37; 214,261). Symmetrical ^i-ethyl- 
oxaraide gives a good yield, the unsyrametrical 
a bad yield. CONBtH.CONEtH gives ‘doubt- 
less, NEt:CCl.CCl:NEt as intermediate product. 
CONEtj.CONHj should give CClJ!TEt,.CN as in- 
*<crmediate product, but this then changes to 
CClNEt.CClNEt by intra-molecular change. This 
view is supported by ther production of chloro- i 
cxal-ethyline by tlw action of PClj on di-ethyl- 
cxamo*nitrile, NEt 2 .CO.CN. 

Pr(mertie3.~ Liquid, with narcotic odour, v. 
e. sol. alcohol, ether, ligroin, an^ CHCI,. Changed 
by frequent distillation into an isomeric modifi- 
cation (220®-224®), iusol. ligrom. Water at 
290° decomposes it, giving NH 3 and NH^Et. 

Reactions.— 1. iSr in CS.^ or CJ^l, f^^rms 
B'HBr, C,H,BrClN,Er,,HBr [113^], forming red 
needles, anff C^H^BrClN Jlr, [133°]. Both bodies 
are unstable, and give, when boiled with water, 
chloro -bromo-oxal-ethyline.— 2 . KMnO^ gives 
oxalic acid.— 3. Dilute H^SO^ at 240° forms NH, i 
and NEt^ — 4. Cone. H 2 SO 4 at 220° gives 
acetic acid. — 5. Distilled over Ztww it forms 
para-oxal-raethyline.~ 6 . Na added to its solu- 
tion in light petroleum forms di-oxal-cthyline, 
C.jHigN^.— 7. P and HI at 170° reduces it to 
cxal-ethyline. 

Salts .-B'jHjPtCa^.— B'HI aq.— B' H.ZnCl,. 
B'HBr.-B'HClaq.— B'HgCl^.-B'dHgCl.i-B'Ij 
[110®].-B'AgNO,,-B'H2C2O4. ' r ' 

MeihylO'iodide B'Mel: [205°]; needles 
(from alcohol). 

CHLOBO-METHYL-TBr-ETHYL-PHOSPHO. 
lOTJM CHLOBIDE CHEl.PEt^CL From methyl- 
ene chloride and PEt, (Hofmann, Pr. 11, 290); 
CH 2 (PEt,Cl )2 being formed at the same time. 
Formed also by the action of water on the com- 
pound of PEt, and CCI 4 .— (CH 2 Cl.PEt,Cl) 2 PtCl 4 . 
Slightly soluble needles. 

CHltOEO-METHYL-GLYOXALINE C^HjClNj. 
Chloro-oxalmethyline. (205°). V.D. 4*1 (obs.). 
8 .G. « 1-247. 

Preparation. — Purl di- methyl -oxamide 
(10 pts.) is miied with PCI, f33 pts.) in the I 
cold. On warming HCl is evolved. 1%e pro- ; 
duct is distilled under diminished pressure, and 
afterwards with steam, and is finally extracted , 
by shaking with GHCik (Wallach, B. 14, 422 ; 
A. 214, 308). 

Properties. — l^qaid ; reduced by HI to methyl- 
glyoxalme. 

Salts. — B'HI ; needles, sol. water and alco- 
hol.- B'^,PtCl,. 

CHLOBO-METHYL^LYOXIH v . Chlobo- 

ISO'NITBOSO-AOETOinB OXZlf. 

BI-CHLOBO-METHYLJHBOLE ‘ 

Lang needles. In- 

sol. alks^ Formed by methylation of ohloro- 
oxindole-chloride (Baeyer, B. 15, 766). 
CHLOEO-METHYL.(PSEnDO).ISATIir 

C,H,Cl<^ 2 le>^^* 

needles. Sublimable. Fo^ed, together with 


the formyl 'derivative of ohloro-methyl-amfdo. 
benzoioacid, by oxidatiopof the methylo-ohlcride 
of (B. lor3)-chloro-quinoline with KMnO, (La 
Coste a. Bodewig, B. 18, 429). 

TETBA - CHLORO - BI - METHYE- DI - BE - 
TONE (?) CHCl 2 .CO.CO.CHCl/ [84°]. ^ (202°). 
A product ofothe action of KCIO, and HCl on 
chloranilic acid (Levy a. Jedlicka, B. 21, 318), 
Large yellow fables (frsm ether). Pungent; sol. 
water. Forms aphenyl-hydrazido [186°-]. 

PER-CHL0B0.ME1OTL-MEB(HPTAN 
CCI3.SCI (?). Tri-chloro-methyl-sulphur chloride. 
Thiocarl^nyl tetrachloride. (lc'^9° unoor.). S.G. 
1-722 at 0° ; 1-7019 at 11° ; 1-6953 at 17i°. 

Formation. — 1. From methyl sulphooyanido 
and dry chlorine ; the yield is 83 p.c. of the 
aulpJiocyanide (James, C. J. 51, 272). — 2. From 
CSj and chlorine (Rathko, A. 167, 180).— 8. From 
CSCl, and Cl... 

Preparation.— By p&ssing chlorine (5 mols.) 
into cooled dry CS^ (1 mol.) containing a trace 
of iodine; the product is freed from chloride of 
sulphur by treatment with watgr and distillation 
with steam, and is then fractionated in vacuo. 

Properties. — Yellow oil, of very unpleasant 
strong smell. By long heating to its boiling- 
point it slowly decomposes, probably into CCl, 
and S. 

Reactions. — 1. By treatment with chlorine in 
presence of iodine it yields CCl, and SjCl^. — 
2. Alcohol forms an oil, possibly CS,C1„ and 
crystals of CjHgOj (126°).-ii3. Water at 160° 
splits it up into COj, HCl, and S. Alkalis act in 
the same way.— 4. By heating with sulphur at 
150M60° it yields CS*. CCI 4 , CSCl,, per-chbro* 
methyl tri-sulphide (CClj),^, and per-chloro- 
methyl di-sulphido (CCl 3 ) 2 S 2 ; but the latter ap- 
pears to be the primary product : 2CC1,.SCI -f- 3, 
= (CCl,)jS 3 4- S^Clj. Per-chloro-mothyl-di-sul- 
phido is also formed by heating per-chloro- 
methyl mercaptan with silver-powder, thus: 
2CCI.SC1 -I- Ag 2 = (CCl,),^, + 2AgCl (Klason, B. 
I 20, 2.376). — 6. By SnCl, it is redticed to CSClj. — 
! 6 . HNO, (S.G. 1-2) oxidises it to CC1,.S0.01.— 
7. KBO, gives C(Sll)(SO,K),. — 8 . Aniline 
(2 mols.) forms CClj.S.NHPU ; an unstable oil 
converted by excess of aniline into di-amid-di- 
phenyl sulphide, di-phenyl-thio-urea, and tri- 
phenyl-guanidine; and converted by alcoholic 
KOH into CClj-S-NPh (?) [140°] (Rathke, A. 167, 
211; B.19, .395).— 9. The analogous compound 
CCl,.S.NHCaH 4 (CI^) is formed by adding 
(2 mols. of) ^'toluidine to its ethereal solution. 
This bodj is crystalline, and by boiling with 
alcohol it is decomposed into p-toluidine, CO, 
and H„S ; alcobolio EOH splits off HCl, giving a 
bod5#[i38°], which probably-has the constitution 
CCl,.S.N.C,H 4 Me (Raihke, B. 19, 896). 

HEXA-CHLOBO-METHYL-METHYlflENEDI. 
KETONE (CCl,XlO)a.CH,; (2^8°).*' ( 0 . 192°) at 
20 mm. Is fie final substitution product ob- 
tained by the prolonged action of chlorine upon 
aoetyl-aoetone at 120°-180°, and in direct sun- 
light. Colqoiless liquid, decomposes when dis* 
tilled under ordinary pressure. Treated with 
NaOH fl moL) it ^ves tri-dtlof-aoetone and 
sodium tri-eblor-acetate (Combes, A. Oh, [ 6 ] 12 , 
238). 

<» CHLOBO - ( 6 ) - METHYL - NAPHTHALENE 
C,;[I;.CH,CL [47°]. (168° at 80 mm.). White 



OHLORO-METHYL-QUINOLINE. 
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jlisteniiig plates. Formed by passing chlorine 
joto {j 8 ) -methyl-naphthalene heated to about 
260° (Schulze, B. 17, 1629). 

CHLORO-DI-METHYL OXIDE 0,Hj010 i.e. 
0H:,C1.8.CH,. (80°). From di-methyl oxide and 
D 1 in daylight (Friedel, Bl. [2j 2^ 161; 28,171;. 
0. R. 84, 247 ; Klebor, A. 240, 97L Decomposed 
by water into HCl, MeOH, and formic paralde- 
[jyde (trioxymethyleno). Ammonia forms hexa- 
methyleneailino. KOAc gWes CH^.O.CHj.OAc 
(118°) ; which is decomposed by^watcr. 

Di-chloro-di«iothyl oxide (CII ,C1)..0. (105°). 
Y.D. 3’9 (calc. 4-0). S.G. iS 1-318'. From Mo,,0 
and, 01 in daylight (Regnault, A. 34, 31 ; A. Ch. 
[2] 71, 396). Decomposed by boiling water into 
HCl, formic^cid, and formic paraldehyde (But- 
lerow, Z. 1865, 618). 

Tetra-ohloro-di-methyl oxide (CHCl^).p. 
(130°). V.D. 6-4 (calc. 6 * 6 ). S.G. 2^ 1-606. 
From MejO and Cl (Begnault, A. Ch. [ 2 ] 71, 
896). 

Hexa-chloro4i-methyl oxide jCCla)^. 
(100°). S.G. 1*597. From Mo.^ and Cl in sun- 
shine (Regnault). Decomposed on vaporisation, 
the V.D. being only 4-67. 

Tri - CHLORO - METHYL - PARACONIC ACID 
t?. Tiu-cHLORO-oxr-BTnxL-aucciNia acid. 

DI -CHLORO-DI-METHYL -p - PHENYLENE- 
DIAMINE C«H,Cl,(NMo,)(NH,;) [5:2:4:1J. 

Formed, together with di-methyl-p-phenylene 
diamine and di-dRloro-p-phenylene-diamine by 
boiling nitroso-di-methyl-aniline with HCl ( 1-2 
S.G.). By K^CtjO, and H^SO^ it is oxidised to 
di-chloro-quinone [169°]. By treatment. with 
Fe.^Clj in presence of H^S and ZnCl^ it yields di- 
chloro-methyleno blue (Mbhlau, B. 19, 2010). 

CHLORO-METHYL ISOPROPYL KETONE 
CiH.ClO i.e. CH,Cl.CO.Pr. (c. 120°). From pe- 
troleum pentane (?) or inactive amyl chloride by 
treatment with CrO^Clf followed by water (Etard, 
C. R. 84, 127). Insol. water and aqueous KOH ; 
reduces ammoiiacal Agi^Oj. Does not combine 
wifb NallSOj. • 

TRI-CHLORO-METHYL-PDRIN 
N^C1.C.N . 

C,(CHs)Cl 3 N, i.e. I II '^CCl (?) [174°]. 
CChN.C.NMo/ 

Small colourless crystals. Insol. alkalis. 
Formed by heating di-chloro-oxy-methyl-purin 
with PClj and POCl, at 160° for eight hours. 
Heated with alcoholic NaOH it yields chloro-di- 
ethoxy-methyl-purin, which by HCbat 130° is 
converted into methyl-uric acid (Fischer, B. 17, 
331, 1787). 

CHLORO-a-METHYL-PYlilDINE CACIN. 
Chloro-{a).picoline. [ 21 °]! (166° uncor.). S.G. 

1*14^. Formed by Aducing the mixture of I 
penta- and'^exa«ohloro- picolipes obtained by^ 
heating comenamic acid with PCL. The mixture 
is heated a(^ 240° with a solimon of HI in 
glacial acetic acid (Ost, J.pr. [2] 27, 278). 

Properties.— Colourless prisma. Smells like 
pyridine. Nearly insoluble in water, insoluble 
in potash, soluble in alcohol and in ether. 

Salts.-B'jHCl. Pn8m8.-{B',H01|.,PtCl,. 
Needles or prisms. 

Chloro - methyl - pyridine C^HjClN. (160°- 
170°). From potassium methyl-pyrrol and 
CHCI 3 (Ciamician a. Deniistedt, B. 14, 1102), — 
B'^HjPtCl,. 

VoL. II. 


Hexa-chloro-methyl-pyridine CjHCl,N(CClj). 
[60°]. The chief product of the action of PCI, 
(7 mols.) on comenamio (di-oxy-pyridine car- 
boxylic) acid at 290° (Ost, J. pr. [2] 27, 277). 
May bo distilled with steam. 

Properties. — Large oblique prisms, or plates 
(from alcohol). Insol. water, acids and bases. 

Chjoro-di-methyl-pyridine 
MeC =N-CMe 

I II . Chloro-lutidine. (178°). S.G. 
HGCCl.CH 

1*105 at 17°. Formed by heating oxy-di-methyf 
pyridine (leitidone) with PClj at 140° ; the yield 
is 50 p.o. ColourlesI oil. .SI. sol. water. 

Salts. — The hydrochloride forms slender 
neodies.— B'.JI^Cl ^PtCl, : orange crystalline pp. 
— ’'B'H^CL^HgCl^: [165°], si. sol. water. Chloro- 
di-methyl-pyricWne suspended in water gives 
characteristic pps. with picric acid KjCr^O,, 
CuSOj, and AgNO, (Conrad a. Epstein, B. 20, 
161). ^ 

•Tri - chloro^ di - methyl - pyridine C,HaCl,N. 
Formed by chlorinating (/ 8 )-lutidin#in presence 
of iodine (Greville Williams, G. N. 44, 308).-— 

BMl rtci«. 

CHLORO-DIMETHYL-PYRIDINE CARBOXY- 
Lie ACID 

MeC = N-CMo 

I I) . Chloro-lutidine-di-car- 
H0,C.C = CCI.C.C03H 

boxylic acid. [ 0 . 224°]. Formed by the action 
of PCI , upon oxy-di-methyl-pyridine-di-carboxy- 
lie acid (lutidone-di-carboxylic acid) at 140°. 
White prisms. Sol. hot water (Conrad a. Ep- 
stein, B. 20, 164). 

Penta-chloro-tri-methyl-pyridine di-carboxy- 
lic ether. Di-chloride. [160°]. From hydro- 
tri-methyl-pyridine di-carboxylic ether by chlori- 
nation (Hantzsoh, A. 215, 19). Woolly needles 
(from alcohol), 

(Py. 3)-CHL0R0.(Py. D-METHYL-dUINO. 

.CMe:CH 

LINE C,oH,NCl i.e. OfiX \ . [59°]. 

\ N :CC1 


(296° cor.). From {Py. 3)-oxy-(Py. l)»methyl- 
quinoline and PCI, (Knorr, A. 236, 97). Mass of 
slender needles (from dilute alcohol) ; v. si. sol. 
water, v. sol. alcoliol •and ether ; volatile with 
steam.— BjE-PtCl,, 2aq. Rechioed by HI to 
(Py. l)-methyl-quinolino. Water at has no 
action ; at 200 ° it converts it into oxy-methyl- 
quinoline. 

(Py. 2 )-Chloro-(Py. i)-methyl-qninoline 
^ ^ ^ XMe:CCl 

C,Hj,MeClN U J • [W°J. From 

\N : CH 

skatole, chloroform, and alcoholic NaOH (Mag- 
nanimi, Q. 17, 252). Delicate needles. Its 
picrio acid compound melts at 208°, and 
its aurochlorido at 164°. ^ 

Chloi8-methyl-quinoIine C,H,MeClN SA 


XH:CC1 

HC I 1^)* Frommethyl-ketole, 

* ' \ N:CMe 

iloroform,^nd alcoholic NaOH, thus l 
C,H-MeN -I- 2 NaOH + CHCl, 

= 0 ,H,MeClN -I- 2NaCl + 2H,0 
lagnanimi, O. II 9 249). White needles, inaoL 
ater, sol. alcohol and ether. The picric acid 
ampound forms pale yellow needles [223°]. 
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CHLOBO-METHYL^UINOLINE. 


{Py l)~Cbloro-(Py. 3)-m8thyl.qai]ioline 
^ChCH 

OJEjlkidClN I . {y)-Chloro- I 

\ N.CMe 

quinaldine, [43°]. (270°). From PCI, and oxy- 
methyl^uinoline, the product of condensation of 
aceto<acetic ether with aniline (Conrad a. Lim- 
paoh, B. 20, 944). Water at 220° gi>^a oxy- 
methyl-quinoline, HI in HOAo at 2G0P gives 
methyl-quinoline. The picric acid com- 
pound melts at 178°.— B^jPtCl,.— B'HBr. 
tt (B. 4)-Cliloro-(B. l)-methyl-quinoline 
CH:CMe.C.CH:CH 

0^,MeClN t.«. I II I . [49°]. 

^H:Q<3i.C.N:CH 

From (6, 8, l)-chIoro-m-toluidine, nitro-benzene, 
glycerin, and H^SO^ (Gattermann a. Kaiser, B. 
18, 2603). Needles ; v. sol. alcohol, ether, and 


Pn^^rties.— Long colourless needles. SoJ. 
alcohol, ether, benzene, tt;o., insol. water. Vola- 
tile with steam. Peculiar smell. Weak base 
(Itiigheimer a. Hoffmann, B. 17, 740< 18, 2976, 
2979). 

(Py. 2:4:H - BI - CHLOEO -®KEThA - ISO « 

.CMe = CCl 

OTOIOLINE 0^4 ^ 1 . [102°]. Formed 

\cCl =N 

by the action of POCl, upon the imide*'ol 
phenyl - methyl - acetic - o - carlfexylic acid 
.CIIMe.CO 

I * Long flat^hccdles (Gabriel, 
\C0 - NH ' 

B. 20, 2504). 

DI-CHLORO-DI-METHYL-SBCtaNIC ACID 
C^H^CljO, i.e. COjH.CClMe.CClMe:CO,H. Di- 


. chloro-adipic acid. [185°]. Formed,' together 

benzene. HI in HOAc converts it at 260° into with pyrocinchonio acid, by the action of ‘ mo- 
(B. l)-methyl-quinoline. The picric acid lecular’ silver upon a-di-chloro-propionic acid 
compound melts at 172°.— B'HCl.HgClj.— , in benzene solution (Otto a. Beckurts, B. IB, 

. I Small crystals. Sublimable. V. sol. 

(Py. 3)-Chloro.(Py. 2,3)-di-im:thyl-qiiin(fane water and alcohol, v. si. sol. bdhzene. 


[131°]. From oxy-di-methyl- 


< OMe^CM6 

I 

N = CCI 

quinoline and PClj ( Knorr, A. 245, 360). Crystals 
(from alcohol). Water at 200° forms again the 
di-methyl-carbostyril. -B'jHjPtClg 4aq. 

(Py. l)-Chloro.(Py. 3; B. 2'4)-tri-methyl- 
quinoUne C^NClMe,. o-p^Di-methyl-y-chloro- 
quinaldine. [114°]. (298°). Formed by the 
action of PClj in presence of POCI 3 on (Py. 1:3; 
B.2:4)-Oxy -tri-methyl-quinoline (Conrad a.Lim- 
poch, B. 21, 527). Flat prisms (from ether). 


Reeutions . — By further action of ‘ molecular ’ 
silver it is converted into pjrrocinchonio acid 
COoH.CMerCMe.CO^. On reduction it gives 
ns chief product di - methyl - succinic acid 
COjH.CHMe.CHMe.OOjH [194°]. By the ac- 
tion of alcoholic KOH, or by heating the silver 
salt with water, chlorotiglic acid C 4 HgCl(COoH) 
is formed of melting-point [^°]. 

S a Its. — A"Na, : plates. — A"K, 2aq : plates. 
— A"Agj : white crystalline pp. 

i-DI-SULPHIDE 


PEE-CHLORO-METHYL. 
(CCy^Sj. (135° m vacuo). 


Obtained by the 


Sublimes easily. Almost insol. water, v. sol. pilule ; action of silver-powder upon per-chloro-mothyl- 


acids, alcohol, ether, and benzene. On heating 
with aniline the chlorine is replaced by NHPh.— 
(B'HCl) 2 PtCl 4 : Needles ; v. si. sol. hot water. 
Bi-ohloro-(Py. 3)-niethyl-quinoline 
XH:CH 

OAci/C ( . Di-chloro-quinaldine. [46°J. 

\ N:CMe 

(300°). Obtained by heating di-chloro-o-amido- 
benzaldehyde with sodium acetate and aqueous 
NaOH ^ehm, B. 17, 765). 

Di>oaloro-(B. 1) -methyl-quinoline 
OyH^NMeClf. [276°]. Formed by dissolving 
(Al)-methyl-qainolineir boric acid and treating 
this with a solution of bleaching powder (£in- 
horn a. Lanch, A. 243, 861). Needles (from acetic 
etheri. 

(Py.l:2:3)-Tri-chloro-(B.4)-methyl-quinoliiie 
^CChCCl , 

CJEL^{OEt)\ I . Tri’ChlorO’loluquinoUns. 

! CCI 

[112°]. Formed by heating (Py. 2;3:l)-di-chloro- 
ozy-(B. 41-methyl-quinoline with PClj at 125°. 
Long ooIourloBS needles. Very volatile with 
steam. Peculiar smell (EUgheimer a. Hoffmann,' 
B. 18. 2986). ^ 

(Py. l:2:3)-Tri.ehlore-(B.2)-matli7KqTiinoline 


OA(C] 


XCliCCl 

<N:W 


Tri-ehMto- toluquinoline. 


[184°]. Formation.— -1, By the aation of PCI, 
upon malon-phenyl-amio acid. — 2. The acid 
malonate of p-toluidine (5 g.) is covered with 
benzene (50 g.) and PCI, (25 g.) slowly added; 
after standing for some time the reaction is 
eorapleted by heating to boiling. 


mercaptan : 2 CCI,. SCI + Ag, = (CClJjSj + 2 AgCl. 
Also formed by heating per-chloro-methyl-mer- 
captan with sulphur. Thick yellowish oil, of 
slight turpentine-like smell. By distillation 
at the ordinary pressure it decomposes into 
CCI, .SCI, CSCl,, and other prodiyjts. By heating 
with sulphur at about 170° it yields per-ch(oro- 
methyl tri-sulphide (CC1,),S, (Klason, B, 20, 
2379). 

Per - ohloro - methyl - tri - sulphide (OCl,)B,. 

[57°]. (190° m vacuo). Formed by heating 

I per-cbloro-inethyl disulphide with sulphur at 
170° (Klason, B. 20, 2380) ; or by passing chlo- 
rine into CS, containing iodine (Rathke, A. 167, 
209). Flat prisms; v. e. sol. ether, CS,, and 
warm alcohol. On distillation at the ordinary 
temperature it decomposes into CCI, .SCI, CSC1„ 

S, and other products. 

TEI - CHLOEO - METHYI-SULPHUE - CHLO- 
BIDF V. Peb-ohloko-mkthvl-ibrcaptan. 

CHLORO-METHYL-TJEEA. 

Acetyl derivative C^H^ClgNjO, i.e. 
OH,C1.NH.CO.NH.0O.6h,C 1. [18.0°]< From 
chloro- acetamide, Br, and a^eoui KOH (Hof- 
mann, B. 18,i2735). Decomposed by acids and 
alkalis into lormio aldehyde 'iand ohloro-aoetio 
acid. 

CHLOEO-MTJCONIC ACID v . Huoonio iczd. 

(d)-CHI»EO.NAPHTHALEKB C„H,C1 i.e. 
yCCilCB. • * 

O.H,< I . (251°) (F. a. Sl) ; (268°) (Atter- 
'CH :GH 

berg, Pi. [2] 28, 609). S.G. U 1-20 (C.). 

Formation.— 1. By heating (ojhdiazonaphthal- 
ene with a large excess of HCl; the yield is 
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88 p.o. of the theoreticftl (Gasiorowski a. Waysst 
jB. 18, 1939).— 2. By boiling naphthalene diohlor- 
ide with alcoholic KOH (Laurent, A, 8, 

13 ; Faust a. Saame, A. 160,68 ; z.[2] 6, 705).— 

3, By tlfc action Sf PClj on {a)-nitro-naphthalene 
(De Koninck a. Marquart, B, 5, fl) or on naph- 
thalene (o)-8ulphonio acid (Cariu|, A, 114, 145). 

4. From {a)-nitro-naphttialene and Cl (Atter- 
bi»g, B. 9, 317, 927). 

Preparaifbii.—By chlorinating naphthalene, 
’ washing with alcoholic potash* and fraction- 
ating (Roux, jDZ^2] 45, 515). 

Properties. — Liquid, not solid at -17®. 
In GS^ solution it is not much acted upon by 
Al.^Clg, but if (o)-chloro-naphthalGno is warmed 
with 20 p.c. of itsweight of AljCl^, some naphthal- 
ene and tarry matters are produced together with 
the (8)- compound. In^this reaction, therefore, 
it behaves in a similar manner to (a)-bromo- 
uauhthateno. Picric acid compound [137°]. 
• XH:CC1 

(/3)-Chloro-nafhtlialene | [57°]. 

\CH:CH 


(252°) ; (265° cor.). S.G. ^ 1-26G (R.). 

Formation.— 1. By heating (8)-diazonaph- 
thalene with a large excess of HCl; the yield is 
45 p.c. of the theoretical (Gasiorowski a. Wayss, 
B. 18, 1940; c/. Liebermann a. Palm, 183, 
270).~2. By the action of PCI5 on (i3)-naphthol 
oron naphthalene (8)-sulphonic acid (Kimarenko, 
B. 9, 663; Bl. [2] 25, 257).- 3. From 

Hg(G„H7), and SOClj (Heumann a. Kochlin, B. 
16, 1627).— 4. By intra-molecular change ^rom 
(a)-chloro-naphthalene (g. v.). 

(l:2)-Di-chloro-naphthalene C,oH,Cl, [1:2] 
[35°]. Formed by dropping a solution of potas- 
sium nitrite (4g.) in water (20c.o.) into a boiling 
solution of (a)-chloro-(8)-naphthylamine hydro- 
chloride (10 g.) and cuprous chloride (5g.) in 
hydrochloric acid; yiald — 4g. Also from (a)- 
chloro-(/3)-naphthol and PClj and frorn chloro- 
(a) naphthylamine (obtamed by reduction of di- 
chl8ro-a-naphthylamine) by replacing NHj by 
Gl. Monosymmetrio tables, a:6:c = 1’619G:1: ?, 
8«76°46' (Cldve, B. 20, 1991). On nitration 
it yields di-chloro-di-nitro-naphthalene [170°J. 
CrO, forms di-chloro-naphthoquinone [181°J. 

(t;)- or (1, 3')-Di-chloro-naphthalene G,oH«Clj. 
[48°]. From naphthalene (i8)-sulphonic acid by 
nitration and treatment of the resulting (^)- 
nitro-naphthalene ()8')-8ulphonic acid wth PCI* 
(Cl^ve, Bl [2] 29, 499). Also from (i8)-naphthyl- 
amine (7)-8ulphonic acid by exchaaging NH, 
for Gl and treating the product with PClj (Fors- 
ling, B. 20, 2105). Also from (‘ 8 ’).naphthaleue- 
dt-sulphonio acid and PCI, (Armstrong a. W^ne) ; 
and synthetically from wiflchloro-phenyl-isocro- 
tonic a^i (Erdmann a. ICirchhoff). Oxidation 
by HNOj giv§s chioro-phthalio nitro-phtha- 
lic acids. ^ 

(0) or (l:3)J)iachloro.naphthal«io 


[61°uncor.]. (286° uncor.). 


Formation.— 1. From (5)-nitro.iiaphthalen0 
(fl)-sulphonic.acid and P(Jl, (C16ve, Bl. [2] 29, 
415). — 2. Frofb di-ohloro-(o)-naphthylamino 
[82°] by the diaao- reaction. 

Properties.— Pl&l glistening plates, or slender 
white needles; may be sublimed. By HNO, it is 
oxidised to phthalic acid (CRve, B. 20, 449j. 
The so-called * a *-di-chloro-naphthalene [38°] u 


a mixture of the 9 and ' 0 *- isomorldcs. It gives 
a sulphoohloride [148°]. 

Di-ohloro -naphthalene 0,oHflClj [1:2']. [64°]. 
i Formation. — 1. From /3-chloro-naphthalene 

sulphonio acid and PClj (Arnell, BL [2] 45, 184 ; 
Armstrong a. Wynne, 0. J. Proc. 4, 106).— 
2. FrcUn (0) - naphthol - (‘ a ’) - sulphonic acid 
(Baye%’a acid) by heating with PClj (Claus a. 
Volz, B. 18,3157).— 3. From (i3)-naphthylamine- 
(‘ o ’)-sulphonic acid (Badische acid) (Forsling). — 
4. From ohloro-/3-naphthol [101°] and PCl^ 
(C. a. V.).— 5. From p-chloro-phenyl-paraconic 
acid (Erdmann a. Kirchhoff, A. 247, 379). 

It gives a sulphoohloridp [119°]. 

(* 0*) or (l,4)-Di-chloro-naphthalene 
.CChCH 

C„H.C1, tuj. CjH/ I . [68°]. (287°). 

. \CC1:CH 

Formation. — 1. By distillation of naphthal- 
ene tetrachloride (Krafft a. Becker, B. 9, 1089 ; 
Faust a.Baarae, A. 160,70).— 2. From naphthal- 
ene^and^l20 ykermann, A. 161, 63). — 3. From 
(a)-chloro-naphthalen0 in CHCl, ajtd Cl (Wid- 
mann, Bn. II, 139).— 4. By the action of PClj on 
(o)-nitro-(a)-naphthol (Atterberg, B. 9, 1189), on 
bromo-naphthalene sulphonio acid (John, Bl. [2] 
28, 616), or on chloro-naphthalene sulphonio 
acid, obtained from (a)-naphthylamine-p-sulpho- 
nic acid (Cleve, Bl. [2] 26, 242). , 

Proper<t«s.— Needles (from alcohol). Boiling 
dilute HNO., forms di-chloro-phthalicacid. CrO, 
in HOAo gives di-chloro-naphthoquinone [174°]. 

(C) or Peri-Di-chloro-naphthalene CnHjCL^, 
Cl Cl 

probhbly (Ekstrand.B. 18,2881). [83°J. 

Formed in small quantity on distilling ‘ 0 ’-di- 
nitro-naphthalene with PCI, (Atterberg, B. 9, 
1732). Formed also by nitr.ating (7)-di-chloro- 
naphthalene, reducing this to chloro-naphthyl- 
amine [91°] and displacing NH, by Cl (Atter- 
berg, B. 10, 548). PrismB. 

()c)-Di-chIoro-naphthalene C,oHgCl,. [94° 
uncor.]. Formed by heating (a)-napht^ol sul- 
phonic acid with PClj (Claus a. Oeler, B. 16, 
314). On moderate oxidation it pves (a)-naphtho- 
I quinono and by furth^ oxidation phthalic acid. 

(7).Di.chloro-naphtnalene C,oH,Cl, [1:4'] ? 
(Ekstrand, B. 18, 2881). [107°]. Formed by 
the action of PCIj on (a)-nitro-naphthalene, or, 
better, on (* a ’)-di-nitro-naphthalen0 (Atterberg, 
B. 9, 317, 1188, 1734), and on (a)-nitro-naphthal- 
eno (a)-sulphonio acid (Uleve, Bl. [2] 24, 506). 
Also from (a)-naphthylaminG sulphonio acid 
(Laurent’s naphthalidiuio acid) by diazotisation 
and distillation of the resulting diazo-naphthal- 
ene sulphonic acid with PCI, (Erdmann, B. 20, 
«185). Formed synthetically from o-ohloro-, 
phenyl-paraconio acid# Scales. Gives a nitro- 
derivative<142°], and a di-nitro-derivative [246°]. 
Oxidation by HNO, gives ohloro-nitro-phthalio 
acid. CrO, in'HOAo gives c-chloro-phthalio 
acid [184°] (Guareschi, G. 17, 119). 

(5)-Di-ohlfro-naphthalene C,oH,Cl,. [114°]. 
From naphthalene- (‘ o ’)-di-8ulphonio acid and 
PCI, (CRve, Bl. [2] 26, 244). Large tables ; v. 
Bol. boiling alcohol. Dilute HNO^ gives ohloro- 
phthalio acid. It i#perhap8 CigH^Cl^ [2:2']. 

I (i).Di-chIoro-uaphthalen6 OuH^Cl,. [120°]. 
From naphthalene tetrachloride (4 pts.) and 

• 2 
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CHLORO-NAPHTHALENE. 


Ag.p (3 pts.) at 200° (Leeds a. Everhart, Am, 
2, 211). Formed, in very small quantity, when 
0,^014 is decomposed by alcoholic KOH (Wid- 
mann, B. 15, 2162). Very thin laminffi; si. sol. 
cold alcohol. 

(e) or (2,8')?*Di'Chloro-naphthaleneG]oH4Cl2. 
ri86°]. (286° uncor.). c 

Formation, — 1. By distilling (/3)-ohlor^naph- 
thalene-snlphonio chloride with PClj*, thechloro- 
naphthalene-sulphonicacid being obtained either 
by sulphonation of (3)-chloro-naphthalene or by 
*'the action of cuprous chloride upon the diazo- 
compound from the (6) -naphthylamine sulphonio 
acid obtained from (/3)-naiphthol sulphonic acid 
and NH, (ForslinJ, B, 20, 81 ; Arnell, Bl. [2] 
46, 184), — 2. From naphthalene (^‘ /3 ’)-disulpho- 
nic acid, and from (^)-naphthol (a) -sulphonio 
acid by distilling with PCI, (Gtl^ve, BL [2] 25, 
244 ; Armstrong a. Graham, G. J. 39, 142 ; 
Claus a. Zimmermann, B. 14, 1483). Needles 
(by sublimation) or large monoclinic t^les (from 
alcohol). Volatile with steam, ^ol. ewier, (fiilo- 
roforra, andi benzene, si. sol. alcohol. On oxida- 
tion it gives chloro-phthalic acid C^H,C1(C02H).2 
‘■4:2:1] and (‘/3 ’)-di.chloro-(o). naphthoquinone 
il49°] (Claus a. Muller, B. 18, 3073). 


chloro-phthalic acid. By OrO, it is oxidised to 
the same di-ohloro-phthalio acid, together with 
a tri-ohloro-(a)-naphthoquinone whi^ gives an 
anilide C,oHsCl2(NHPh)Oj which melts at [228°]. 
Hence it appears to be diffefent fronf the tri- 
chloro-naphtlfiilene of melting-point [90°] 
already know^> (Claus a. Schmidt, B. 19, 8174). 

(7)-Tri-chloro-napl«ihalene CjaHjClj. [103°]. 
Long white needles. Prepared by distillation^ pf 
diohloro-naphthalene-(o)-sulphonif chloride with 
PCI, (Widman#, B. 12, 2230). Formed also by 
chlorinating (a)-nitro-naphthafcne(Atterberg, B. 
9, 317). Prisms. By heating to 170° withHNOj 
(1*42) it gives di-nitro-di-chloro-phthalio acid. 

(ij)-Tri-chloro.naphthalene C,nHsCls. [113°]. 
From nitro-naphthalene (j8)-diaulpRonio chloride 
and PCI, at 190° (A16n, Bn, II, 140). Needles 
(from HOAc). V. sol. ^arm alcohol ; v. c. sol. 
benzene. Volatile with steam. 

(5)-Tri-chloro-naphthalene C,oH,Clj. [181^. 
Formed by the action of PCI, on (‘ /3 ’)-di-nitro- 
naphthalene, nitro-(7)-di-cWoro-naphthalene, 
(‘a’) chloro-di-nitro-naphthalene [100°], (‘/8’)- 
chloro-di-nitro-naphthalene, and nitro-(‘ fi ’)-di- 
chloro-naphthalene (Atterberg, J3. 9, 1187, 1733; 

, Widmaiin,BZ. [2J28, 611). Long needles. Oxida- 


(0-Tri-chloro-naphthalene CjoH^Cla. [50°]. tion gives di-chloro-phthalic acid. 

Prepared by heating di-chloro-naphthalenc (0). (* o ’)-Tetra.cbloi*o-naphthalene OioH.Cl^. 

sulphonic chloride with PCI, (Widmann, B. 12, [130°]. Formed by the action of alcoholic KOH 
962). Fine white needles. Insol. water, si. soL on the (‘a ’)-di-chloro-naphthalene (‘ o’).tetra- 
hot alcohol, v. sol. benzene. chloride, obtained by chlorillating naphthalene 

(6)-Tri-chloro-naphthalene C,oHjCl,. [65°]. (Faust a. Saarae, A, 160, 72). Formed in the 
From »j-di-chloro-naphthalene by nitration and same way from (‘/3 ’)-di-chloro-naphthalenetetra- 
treatment of the resulting CjoH^CyNO^) with chloride, and from (‘ *)-tri-chloro-naphthalene 
PCI, (Cl^ve, Bl, [2] 29, 500). Needles, v. sol. dichloride (Widmann, Bl, [2] 28, 611). Long 
alcohol. • needles. Oxidation gives di-chloro-phthalio 

(d)-Tri-ohloro-naphthalene C,oH,Cl3. [76°]. acid. 

Prom nitro-naphthalene (‘ a ’)-di-sulphonic acid Tetra-chloro-naphthalene 0,-H4Cl4 M. 
and PCI, at 225° (A16n, Bn. II, 140). Small XChCCl 

needles (from HOAc). V. sol. alcohol, m. sol. C^H,^ | (?). [149° unoor.]. Formed by 

boiling HOAc. ^CC1:CC1 

Po’)-Tri-chloro-naphthalene CioHsCl,. [82°]. heating (a)-naphthol-tii-8ulphoAo chloride with 
Formation.— 1. By the action of alcoholic PCI, (4 mols.) ^ 210°-260°. Sublimes in colour- 
EOHupon (o).chloro-naphthalene-tetra-chloride less feathery needles. Crystallises from toluene 
paust a. Saame, A. 100, 71). — 2. By heating in long thin needles. V. sol. hot alcohol, ether, 
(a).napnthol-di-sulphonic chloride with PCI, , chloroform, &c., si. sol. cold alcohol, insol. water. 
(3 mols.) at 170°-180° (Claus a. Mielcke, B. 19, On oxidation with CrO, or HNO, it is converted 
1182). ^ into di-chloro-(o) -naphthoquinone [189°], 

Properfiw.— ^Colourless needles. V. sol. XO.CCl 

chloroform, ether, and hot alcohol. HNO, at C^H,^ I! , together with chlorinated 

200° gives tri-chloTO-nitro-phthalio acid (Wid- ^CO:CCl 

mann, Bl. [2] 28, 511), phthalio acids (Claus a. Mielcke, B. 19, 1184). 

C ’.CCl Tetra-ehloro-naphthalene 0,oH4Cl4. [141°], 

I Formed by the action of alcohoUc KOH on (>)• 
:CC1 di-ohloro-naphthalene tetrachloride [85°], and 
[90° uncor.]. (aBove 860°). on tA-chloro-napkthalene di-ebdoride [93°] (At- 

Formation. — 1. By heating di.ohloro-(a)- terberg a. Widmanfl, B. 10, 1842). Slender 
naphthol [101°], or sodium (o).naphthol (/3)-sul- needles ; si. sol. alcohOl. May be identical with 
phonate with PCI, at 130°-140° (Claus a. Knyrinog the preceding. • • c 

B. 18, 2926).— 2. By chlfrinating (o).nitro-naph- (^) - Tetra - chloro - naphthalene C,,H40l4. 
thalene (Atterberg, B. 9, 926). • [160*5°]. FOTmed by acting oli U)-di-chioro-di- 

P roper ties,— Needles (from alcohol). May be nitro-naphthalene with PCI, (Alen, Bl, [2] 86, 
sublimed. Insol. water, v. 8ol.*other solvents. 435). Interlacing needles. 

Ti i-chloro-naphthalene C,oH,Cl,. [90°]. (7) - Tetra - cUoro • naphthalene C„H4Cl4. 

Formed together with di-chior%-()8)'naphthol [176°j. Obtained the action of alcoholic 
[12o°], by heating sodiom (j8)-naphthol (j3)-di- KOH on (* a ’l-di-ohloro-naphthhlene (* a ’)-tetra- 
sulphonate with 6 mols. of PCI, at 210°. chloride got oy chlorinating naphthalene (Wid- 

Prqper/ies.— Fine white needles. Subli- mann, B. 10, 1724; JBI. [2] 28, 512). Flat needles, 
mubie. V. sol. ether, beifcene, etc., and hot si. sol. alcohol. ^ 

a.cohol, si. sol. cold alcohol. Heated with nitric (•)-Tetra-ohloro-naphthaleiieC.pH4Cl4.ri80°]. 
acid (S.0. 1*16), at 210° it yields a syrupy di- From di-nitro-(7)-di-ohloro>naphtDal6ne by dif* 
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lining with PCI, (Atterberg a. Widmann, B. 10, 
1843). Long needles ; si. sol. alcohol. 

)B ’)-Tetra.chloro.naphthalene , OnH^Cl^. 
[194°]. Formed by chlorinating nitro-naphthal- 
«ne (Atiterberg, M. 9, 318). Needles, v. si. sol. 
alcohol. • 

Fenta-ohloro-naphthalene 0,.H.0L t.0. 
.CH:CH 

C,«l/ I . [169°]. (above 300°). Pre- 
'CCliCK 

pared by heating di-chloro-(o) -naphthoquinone 
with twice its weight of PCl^ to 200° (Graebe, A. 
149, 8; Claus a. Lippe, B. 10, 1016). Needles 
(froiio alcohol). On oxidation with fuming HNOj 
at 110° it gives tetra-chloro-naphthoquinono. 
Dilute HNOj^t W0° gives totra-chloro-phthalio 
acid. 

(‘ /3 ’)-Penta-chloro-n|phthalene 
[177°]. From nitro-(8)-tetra-chloro-naphthaleno 
and PClj (Atterberg a. Widmann, B. 10, 1843). 
Niedles. Oxidises to tri-chloro-phthalic acid. 

Hexa-chloro-n<iphthalene C,uH.^Cla. [143°]. 
Formed by chlorinating tri-ohloro-naphthalene 
(Laurent). Six-sided columns; v. si. sol. alcohol, 
m. sol. ether. May be oxidised to hoxa-chloro- 
oaphthoquinone. 

>CC1:CC1 

(/j)-Hepta-chloro-naphthaleneOgCL<; | 
\CC1:CH 

[194° uncor.]. Formed by heating tetra-chloro- 
(a)-naphthoquinon(^(l pt.) with PClj (2 pts.) for 
6 or 8 hra. at 260°. Small colourless needles. 
Snblimable. By heating with HNO, (1'6 S.G.) 
it iaoxidised topenta-chloro-(a).naphthoquinono 
[217°], and tetra-chloro-phthalic acid [250°] 
(Claus a. Wenzlik, B. 19, 11C5; cf. Claus a. 
Lippe, B. 16, 1019) 

Per-ohloro-naphthalone O^Cl^. [203° uncor.]. 
(403°). Formed by heating tetra-ohloro-oxy- 
naphthoquinone [265 ')| penta-chloro-(a).naph- 
thoquinone [21T°], or (a)-naphthol-tri-Bulphonio 
chloride, with PCI, at 250°. Prepared by the 
profi-acted chlorination of naphthalene in pre- 
sence of SbClj (Bcrthelot a. Jungfleisch, Bl. [2] 
9, 446 ; A. Ch. [4] If^ 332). Colourless needles. 
Sublimable (Claus a. Wenzlik, B. 19, 1169; 
^aus a. Mielcke, B. 19, 1186). By heating with 
SbClj at 290° it is split up into C^H,, CjCl,,, and 
CCl^ (Ruofif, B. 9, 1048). It is partially converted 
into naphthalene by passing with hydrogen 
through a red-hot tube. 

DI - CHLOEO - NAPHTHALENE TETBA - 
BROMIDE C,oHeCl,^r,. [c. 100°]. * From di- 
jhloro-naphthalene and Br. 

(a) - CHLOEO - NAPHTHALENE TETEA - 
CHLORIDE O.oH^Clj. [1^°].* Formed by the 
action of Cl on naplithalqpe (Faust a. Saame, A. 
160, 67) tr on (a)-ohloro-naphthalene (Widmann, 
B. 10, 1724t Bf. [2] 28, 603). Woclinic 
prisms (from chloroform). Oxidation gives phtha- 
lio acid. Alcciiofio KOH forms (‘ o ’)-tri-chloro- 
naphthalene. 

(i3)-Ohloro-naphthal6ne tetra-ohlgride 
^loRiOlt, From (/3) ohloro-naphthalene and 01 
(W.). Oil. # • 

Dl-ohloro-iiRp]tihaleiie tetra-ohloride 
®j*HaCl,, [85°]. From (7)-di-chloro-naphthalene 
and Cl (Atterberg a. Widmann, B. 10, 1841). 
Prisms. Alcohdlio KOH gives (8)-tetra*ohloro> 
naphthalene. 


Di- chloro-naphthalene tetra-ohloride 

[172°]. Formed by the action of Cl 
on (‘ a ’) or (‘ j8 ’)-di-chloro-naphthalene (Wid- 
mann, Bl, [2] 28, 606). Monoclinio prisma (from 
CHCI3). V. e. sol. HOAc and benzene. Oxida- 
tion gives di-chloro-phthalio acid. Alcoholic 
KOH gives (‘ o ’) tetra-chloro-naphthalene. 

Di-%hloro-naphthalene tett a-ohloride 
CioH^Cl,. Formed, together with the preceding, 
by the union of Cl with (‘ a ’)-di-chloro-naphtha1- 
ene. Oil. Alcoholic KOH gives (y)-tetra-chloro-^ 
naphthalene. 

(‘ a *) - Tri - chloro - naphthalene di - chloride 
C,„H,Cl5. [93°]. From (yV-iJi-chloro-naphthal- 
ene and Cl (Atterberg a*. Widmann, B. 10, 1842). 
Alcoholic KOH converts it into (S)-tetra-chloro- 
naphthalene. 

(‘ jS ’) - Tri - chloro - naphthalene di - chloride 
G,oH,,Clj [152°]. Formed, together with 
CkiH^CIjHOAc [196°], by passing chlorine into a 
sokUion ^f (o) - chloro - naphthalene in glacial 
HOAc (Widraadn, BL [2] 28, 507). Short prisms, 
b 1. sol. alcohol. ^ 

CHLORO - NAPHTHALENE SDLPHINIC 
ACID C„H„Cl.SO.Jl. Formed by the action of 
sodium amalgam on (a)-chloro-naphthalene sul- 
phonic bromide (?) [115°] obtained from bromo- 
naphthalene sulphonic acid by PCI, (Gessner, D. 
9, 1504). Slender needles (from alcohol). — 
BaA'jlAaq. 

(a)-CHL0R0 -NAPHTHALENE (o)-8DLPH0- 
NIC ACID C„H,ClSO, i.e. C„H,Cl(SO,H) [1:4']. 
Obtained by heating (o).diazo-(o).naphthalene- 
Bulphonic acid with HCl. V. sol. colourless 
tables (containing 2aq). 

Salts.— A'K: silvery needles.— A'Na : thin 
scales.— A' Ag : thin tablets, v. si. sol. cold water. 
A'^a aq ; sparingly soluble powder. 

Ethyl ether A'Et: [46°]; large monosym- 
metrical prisms, a:6:c = 1-6785:1:?, 3 “68° 68'. 

Chloride C„HgCl(S03Cl) : [95°]; large crys- 
tals (from chloroform). 

Amide C„H,Cl(SO.^NH,) : [226°]; sparingly 
soluble silvery scales (Cl^ve, B. 20, 72). 

(a).Chloro-naphihaleiie t/3)-3ulphoni0* acid 
C„H,ClSO, %.e. 0„H,C1(S0,H) [1 : 2'or3']. Ob- 
tained by the action of Cu.^Clj upon the diazo- 
compound of the nlphlhylamine sulphonic 
formed by reduction cf the ’-nitro-naphthal - 
ene (E)‘Sulphonic acid (sparingly soluble Ba salt), 
which is one of the products of the nitration of 
naphthalene (j3)-Bulphonic acid. 

Properties.— y . sol. cc/fourless rhombic tables. 
When heated in a current of steam it yields (a)- 
ohloro-naphthalene, • 

Salts.— A'Ag: thin glistening tables, sol. 
hot water, si. sol. cold. — A\,Ba aq : sparingly sol. 
frystalline powder. 

Ethyl ether A'E^: [111°]; monosymme- 
trical crysj^ls, a:6:c =» *4307:1:?, P = 86° 46' ; v. e. 
sol. hot alcohol. 

Chloride G,oH«Cl(SO,Cl); [114°]; small 
scales 

Amide C„H«Cl(SO,NH,) : [216°]; thin 
plates (CWve, B. 20, 74). 

(a) -Chloro -naphthalene p-sulphonio aeU 
OioH,CiSO, U, C,oH,Cl(SO,H) [1:4]. 

Formation.— h % eulphonation of (a) -chloro- 
naphthalene (24inin, J. pr. 83, 86). — 2. Prom 
(a)-naphthylamine-p-8nlpuonic acid (naphthioni<> 
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acid) by the action of CuXl, upon its diazo- com- 
pound. 

Pro;>tfr/w5.— Silvery plates. Converted by Br 
into chioro-bromo-naphthalene [67°]. 

Salts. — KA'. — BaA'o. — ZnA', Caq. — 
CuA'^ 7aq.— AgA' aq (Arnell, Bn. ii. 153). 

Ethyl ether Et A' : [104°] ; large thin mono- 
clinic tables, a:b:c «1*3281:1:1-1262, /3 = 80° 69'. 

Chloride C,oH,Cl(SO,Cl) : [95°]; gives, 
with PClj, /3 'j-di-chloro-naphthalene [68°] 
(Arnell, Bl [2J 39, 62). 

Amide C„H,Cl(SO,NHJ: [187®] (Cleve, B. 
20, 73). 

(a) - Chloro - naphthalene sulphonlc acid 
CioHbCI.SOjH. Fofxiied in small quantity, to- 
gether with the preceding, by sulphonatingchloro- 

naphthalene with Cl.SO,H (Armstrong a. Wil- 
liamson, C. J. Proc. 2, 234). , 

Chloride C,^.C1.S0,C1 : [127®]; short 
thick prisms. 

($) - Chloro - naphthalene snlphof io acid 
Ci,H,01(S0,H). Sparingly sol. water. “ ^ 

Fonnatie n. — 1. By sulphonation of (^)-chloro- 
naphthalene by BLSO, or ClSOjII (Arnell, Bl. 
[2] 45, 184). It appears to be formed by isomeric 
change from the preceding by heating to 150° 
(Armstrong a. Wynne, C. J. Proc. 3, 2*2, 145).— 
2. By the action of cuprous chloride upon di- 
azotised (/3)-naphthylaniine-sulphonic acid ob- 
tained by treatment of ()8)-naphthol sulphonio 
acid with NH,. 

Salts.— BaAV—KA' ^aq. 

Chloride C,„H,C1(S0,C1) : [110°] ; needles; 
by distillation with PCI* it gives (<)-di-chloro- 
naphthalene [136°]. 

Amide C,oH,Cl(SO^R,) : [184®]; n^jdles 
(Forsling, B. 20, 80). 

(/3).Chloro-naphthalene sulphonio acid 
C,oH,Cl.SO,H [2:3']? 

Foimatii/n.—l. By heating ()3)-chloro-naph- 
thalene with fuming and separated from 

the preceding acid through the greater solubility 
of its lead salt (Arnell, BL [2] 46, 184).-2. By 
diazotising (/8)-naphthylamine sulphonic acid, 
and boiling with cone. HCl (Forsling, B. 19, 1716). 

Properties. — Trimetrio scales. — BaA'j 4aq ; 
laminte. — ISA'aq: small scales. 

Chloride [129°]. Qinverted by PCI* into 
di-ohloro-naphtbalene [61*6°]. 

Di-chloro-naphthalene (a)-8ulphonic acid 
C,J(HjCls(SOjH). Prepared by boiling the tetra- 
chloride of (o).naphthalene-8ulphonio chloride 
with alcoholic KOH (Widmann, B. 12, 2228). 
Long flat needles. M. sol. cold water. 

Salts.— A'K ^ ; fine needles.— A'Na aq : 
long flat prisms.— A'Ag 2aq : white needles.— 
A'jCa 4aq : slightly soluble leaflets. 

Chloride [145°]. Scales or needles. Sol. 
benzene and hot acetic acid. By distillation 
with PCL it gives (7)-tri5;hloro-naphthalene. 

Amide [about 250®]. Flat‘ feathery 
erystals. • 

Di-ohloro-naphthalene (/9)-8ulphonic acid 
C,|H*Ca^80,H). Prepared by boiling the tetra- 
omoride of naphthalene-(/3)>Balpnonic chloride 
(C„H7(SO,a)Cl,) with alcoholic KOH (Widmann, 
J5. 12, 959). Readily soL hot water, less in cold. 
Strong acid. • 

Salts. — A'KSaq: very fine needles. S. 2'6 
at 16®.— A'K l^aq.— A'K 2iaq; small prisms.— 


A'Ag aq : crystalline poyder.— A'.^Ba 4aq t fine 
sparingly soluble needles. — A'jGa 2aq. 

Chloride [133°]; fine white needles. Sol. 

and CS*. * 

Amide [246°]; fine needl^. Insolr water, 
sol. alcohol. 6 

Tri- and Tetra-chloro-naphthalene sulphonio 
acids have bebn described by Laurent (A. 72, 
299), but not sufficiently characterised. 

CHLORO-NAPHTHALIC ACII^ v. CHLokn- 

OXY-(o)-NAPHTHpQniNONE. 

CHLORO - if APHTHOHTBI^PQUINONB V. 


Chlobo-hydro-naphthoquinonb. 
CHL0R0-(a)*NAPHTH0IC ACID 
CO,H 


C,on,Cl(CO,n), probably 


oo- 


[245°]. 


Formation.— 1. By chlorination of (a)-napli. 
thoic acid in acetic acid solution.— 2. By tke 
action of cuprous chloride upon the diazo- coin- 
pound obtained from nitro-(o) -naphthoic acid 
[239°].— 3. From the nitrile. 

Properties . — Sublimes in white needles. By 
fuming HNO, it is converted into ohloro-nitro- 
(a)-naphthoio acid [225°] and ohloro-di-nitro- 
naphthalene [175°] (Ekstrand, B. 17, 1604 ; 18, 


2881). 

Salt.— A'jCa 2aq: needles; S. *86. 

Ethyl ether A'Et: [42'^; quadratic tables. 

Amide C„H,Cl(CONHj). [239°]. Formed 
by boiling the nitrile with alcoholic KOH 
(Ekstrand, Bn. ii. 925). 

Nitrile C,oH,C1.0N [145®]. White needles. 
Formed by chlorination of (o)-naphthonitrile 
(Ekstrand, B. 17, 1604). 

Chloro-(0) -naphthoic acid C,oHuCl.COjH. 
[261°]. From the nitrile and fuming HCl at 
150° (Ekstrand, Bn. i^. 931). Needles (from 
alcohol). 

Ethyl ether EtA'* [46°]. « Needles. 

Nitrile 0.»H,C1.CN. [138®]. From<(i3). 

naphthonitrile un HOAc by chlorinating in pre- 
sence of iodine. 

Di-chloro-()3)-naphthoid acid OjoHuCl^.COjH 
[201° uncor.]. Sublimable. Colourless needles. 
Sparingly soluble in alcohol and in acetic acid, 
i Formed by chlorination of (8). naphthoic acid. 

Salts.— A',Ca2^aq: small sparingly soluble 


prisms. 

Ethyl ether A'Et ; [66®] ; long needles. 
S. *03 (El^trand, B. 17, 1605). 

(a,a,)CM.ORO-NAPHTHOLO„H,Cl(OH)[l:4]. 
[57°]. Formed by the action of PCI5 on fo)- 
napl^hol-sulphonic acid. Small felted needles. 
On moderate oxidation it gives (o)-naphtho- 
quinone, and by fnrth%r oxidation phthalio acid 
(Claus a. Oehler, B. 16, 312). ^ 

Chloro- (o)-iftiphthol C„H,C1(0H). [109®]. 

Formed by distilling the compo^und C,oH,(HOCl), 
with aqueous HCl (Grimaux, M. [2] 18, 208), 
Slender needles. 

(8).Chlpro-(a).naphthol 0„H,C1(0H)[2:1] [0. 
64°]. Is contained in the mother liquors ob- 
tained by passing chlorine in4o*a solution of 
(a)-naphthol in HOAo (Cleve, B. 21, 894). 

Y. e. sol. most menstrua ; only crystallisable 
from petroleum ether. 

Chlorine forms di-chloro-%aphthol [106°J 
PC1» yielii tri-ohloro-nj^hthalene [92®], 
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Cniloro.(3) .naplithol.C,oH.Cl(OH)[l:2]. [68°] 
(S.) ; [70°] (0.). Formed by the action of 
chlorine on (3)-naphthol sodium suspended in 
CS., (Schall, B, 16, 1901), or dissolved in HOAo 
(Gleve,C. 21, 89i). 

Needles or monoclinio plate* (from chloro- 
form) ; a:6:c*r96:l:l-956; 3 = 64'. Volatile 

with steam. Converted by POlj into chloro- 
n^hthyl phosphate ( 0 ,oHjCl)gP 04 [162°] or, at 
a higher tunperature, into (1, 2)-di-ohloro- 
naphthalene [84°]. 

• >CH:C(OH) 

(2;8).Clxloro.(3)-naphthol CgH/ I 

^ \CH:CC1 

[101° uncor.]. p08°). Formed by heating 
sodium ( 3 )-tiapl 9 itnol (3)-Bulphonate (Bumpf’s 
acid) (1 mol.) with PClg mols.) at 160°-160°. 
Fine colourless needles. V. e. sol. alcohol, ether, 
etc., si. sol. water. Volltile with steam. By fur- 
ther action of PCI, it yields di-chloro-naphthalene 
(61°] (Claus a. Volz, B. 18, 3167). 

Chloro.(3)-nja)hthol C,oH,C1.0H. [116° un- 
eor.]. Formed, together with (<)-di-chloro- 
naphthalene, by heating potassium (iSj-naphthol- 
sulphonate with PCI, (3 mols.) to 170° (Claus a. 
Zimmermann, B. 14, 1484). Fine needles or 
prisms. Sol. alcohol, ether, and hot water. Not 
volatile with steam. 

.C(0H):CC1 

Di-chloro-(a)-naphthol OaH,<f 1 . 

♦ \cn :CC1 

[101° uncor.]. Formed by heating sodium (a). 
naphthol-(/3)-sulphonate (1 mol.) with PCI, 
(‘2-2i mols.) at 100°-120°. Sublimes in white 
needles. V. sol. ordinary solvents. By further 
treatment with PCI, it is converted into tri- i 
chloro-naphthalene [90°]. By dilute HNO, at j 
200° it is oxidised to phthalic acid. By boiling 
with an acetic solution of CrO, it is oxidised to di- 
, XO.CCl 

ohloro-(a) -naphthoquinone CJH,^ || [189°]. 

• . \co.cci 

(Claus a. Knyrim, B. 18, 2926). 

Di-chloro-(o)-iiaphthol C,oEfjCl.^(OH) [1:3:4]. 
[106°] (C.) ; [108°] (Zincke, B. 21, 1027). Formed 
by passing chlorin^ into a cold solution of (o)- 
naphtholin HOAc (Cleve, B. 21 , 891), Needles. 
Sol. alcohol, chloroform, benzene. Crystallises 
from HOAc as CiJHjCljOH + HOAc losing HOAo 
at 40°-60°. 

Reactions, — 1. Yields on heating a substance 
C.;aH„CljO, (?).— 2. Dilute HNO, forms yellow 
needles of a quinono-like substance %nd phthalic 
acid.— 8. Oxidation with chromic acid forma 
chloro-naphthoquinone [116"], which on heat- 
ing with aniline forms th^ anilide [2G^°] (c/, 
Knapp and Schultz, A. 210, 189). — 4! PCI, forms 
(1,3,4) tri-chloro-naphthalene. 

ActtylJier^vative CioH.ClgOAo, [76°]. 

Di-chloA.(3)-naphthol C^Ac\{OE). [125° 
uncor.]. Fonjied, together ^th tri-chloro- 
naphthalene* [90°], by heating sodium (3)- 
naphthol-(3)-di-Bulphonate with PCI, at 210°. 
Colourless felted needles. Sublimable. V. sol. 
alcohol, ethgr, etc., si. sol. hot water (Claus a. 
Schmidt, B. 1», 8174). * 

Tri-chloro-(aJ^aphtbol C,oH4Cl,(OH][4;3:2:l]. 
[160°]. Prom tri-chloro-naphthol diohloride 
and NaHSO, (Zincke, B. 21, 1027), Silky 
needles (from •HOAo). CrO, oxidises it to di- 
chloro-(a).naphthoquinone. 


Acetyl derivative OjgHtCljOAc. [124®]. 

XO.CCl, 

Tri-cliloro-(a).naphthol C,H.< 1 or 

XO.CCl XiaCH 

OjH,^^^^ Tr%‘Chloro-{a)-ketoitaphthalene» 

[121°].^rom (o)-naphthol in HOAo by chlorina- 
tion Flat monoclinic prisms; v. e. sol. 
benzene. Boiling dilute alcohol converts it into 
chloro-(o)-naphthoquinone. Hydroxylamine hy- 
drochloride appears to form an oxim [o. 148°], 
a compound C„H,Cl,(NO), and a third bod^ 
[205°]. 

• ^CO.CCl, 

Tetra-chloro-(a)-iiaphtltd | 

C . CCl \CC1:CC1 

II . Tetrc^hlorO’(ci)’ketonaph- 
i^gci 

thalem. Two modifications, corresponding 
perhaps to the above formulas, are formed by 
chlorinating tri-ohloro-(o).naphthol (Z.), viz. 
rhimbc'*edrari06°] and prisms [94°]. Boiling 
dilute alcohoror dilute HOAo convert both into 
di-chloro-(a).naphthoquinone. Dilute alcoholic 
KOH forms chloro-oxy-naphthoquinone. KOH 
in absolute alcohol appears to form 
CO CO 


CaH4< 




[149°]. 


‘\c(OEt):ioi* 

TEI-CHLOKO-(a)-NAPHTHOL DICHtOEIDE 




/ 


CO.CCI, 


[167°]. From Cl and (a). 


C(NPh).CCl 


'^CCVCHCl* 
naphthol in cold HOAo (Zincke, B. 21, 1027). 
Monoclinio plates (from benzene). NaHSO, in 
presence of HOAo reduces it to tri-chloro-(o)- 
naphthol. Dilute alcohol or dilute HOAc at 
130° form di-chloro-(a) -naphthoquinone. Alco- 
.CO C(NPhH) 

holic aniline forms 

ND(1 

[167°] whence B',H,PtCl,. 

Tetra-chloTo-(a) -naphthol dichlorida 
XO . CCl, 

C,H4 1 . [180°]. From tetra-chloro- 

\CClj.CCl, • 

(a)-naphthol, MnO,, and HCl (Z,). V. sol. 
benzene and hot alcohol, si. sol. ether. Does 
not react with aniline. May be reduced to tri- 
chloro - (a) - naphthol. Alcoholic KOH forms 
CCl,:CCl.CO.C,H,.CO,H [128°]. 

CHL0K0-(a)-NAPHTH0QIIIN0NE 0,*H,C10, 
XO.CCl 

i.e.C.H/ li [lin (P.)5 [XieT (ClJve, 

\Co CCl 

B. 21, 891); [118°] (Zinck^ B. 21, 1027). A 
by-product in the preparation of di-chloro-(o)- 
naphthoquinone [1B9°] by treating di-nitro-(a)- 
naphthol with EClO, and HCl (Plagemann, B. 
16, 486). ^ 

The ^Bowing am id e s are formed by treating 
di-ohloro-(a)-naphthoquinone with the corre- 
sponding amins in alcoholic solution (P.) : 

Methylamide C.oH^ClO.N MeH. [160°]. 
Orange needles, v. sol. alcohol. 

Di-methyl-amide CioH^ClOgNMe,. [86°]. 
Scarlet needles, v. sol. aloohoL 

Ethylamide C„H4C10,NEtBL [110°]. 
Brownish-red nee(\)eB, v. sol. alcohol. 

Anilide C„H4C10,.NHC,H, [208°] (?.); 
[202°] (E. a. S.; 0.}. Bed metollio needles. SoL 
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Methyl* 


.UU.UUl f 

‘Ka.ia, 1”” 


fteetic acid and alkalis, si. sol. alcohol. Its 
solution in oono. fljSO, is of a magenta colour. 

SnOl, reduces it to a dihydride [170'^] (Knapp a. 

Schultz, A. 210, 189). 

Nikosamine 0,oH^C103N(NO)OjH5: [120°]; 

J rdUow needles or plates, sol. benzene, si. sol. 
igroin ; formed bypassing nitrous acid into the 
anilide suspended in acetic acid (Plagemain, B. 

16. 896). 

p-Bromo- anilide CipH^ClOa.NHC^H^Br. I ,o— t—s — e ‘--s — 

[262®]. Formed by bromination of chloro-naph- I rentiX 74, 35 ;''liev7s^iri3759T)T 

tj^^uinone-anilide; or by the action of2)-brom- I 2. From di-nit(o-naphthol, KClOg and HCl 
aniline on di-chloro-naphthoquinone. Sol. in | (Qraebe, d. 149, 3).~ 3. From naphthalene in 
NaOH to a red solution, si. sol. alcohol and acetic j hOAo and CrOjCl. (Carstanjen, B. 2, 033).-- 
s-wd. ^ . .%• Together with chlorinated phthalic acid3*by 

m-^itro-antIio«C,oH^C10.,.NHC^H,(N02). ! oxidation of tetra-chloro-napldhaVone [140°] 
[246®]. Formed by the action of m-nitraniline ' - > . • - ^ 


hydrated condition it melts at 112°, 

CO.C(OH) 

amin-g forms CgH7 ^ [200°]. 

\C(NMe).CCl 

Di-chloro-(a)-naphthoqiiinoii^ O^HeGlfOj 
CO.CCl 
II . 

CO.CCl 

Formation.—!. From ohloro - naphthalerm 
tetrachloride CmH^Cls and boiling HNO, (Lau-’ 


, (from (a)-naphthol-tri.sulphonio chloride and 
Yellowish-red ■ pcy with CrO, or HNO,. 

Properties. — Sublimed in yellow needles. 
Iiisol. water, si. sol. cold alcohol and other. By 
alkalis it is converted into chloro-oxy-(a)-naph-« 
thoquinone which forms yellow needles [216°]. 
With aniline it yields C,oH^Cl(lNHPh)02, splen- 
did violet-red crystals [203° uncor.] (Claus a. 
Mielcke, B. 19, 1184). Oxidation gives phthalic 
acid. PCh forms penta-chloro-naphtbalene. 

Di-chloride CioH^Cl^Oj. [117° uncor.]. 
Formed by heating di-chloro-(a).naphthoquinone 
(10 pts.) with HCl of S.G-. 1-2 (48pts.) and MnO, 
(10 pts.) for 10 hours at 230°. Large colourless 
prisms. Sublimes unaltered. C3y SnClj or other 
reducing agent it is re-converted into di-cliloro- 
(a) -naphthoquinone (Claus, B. 19, 1142). 

(* ’)-Di-chloro-(a}-naphthoquinon6 

D . ; /CO.CCl 

C,.W.NHCA(CH:)Br. FormedV probably [149»an. 

brominationo|chloro.naphthoquinone.o-toluido. ■chloro-pbthalio 

SI. «L alcohol and acetic acid. , o.H,Cl(CO,H), [4:2:1], by oxidation of (.)- 

/I nocon r? di-chloro-naphthalene in Bf etic acid solution by 

C,,H,C10,.NHCH3(CH3)Br [18f]. Formed^ needles. Sublimable without 

bromination of chloro-naphthoqumone-p-toluide. ! o'.nonna irnw 

^ needlee. 81, aohalcLl. ^ssolvcain NaOH | tira'i^d 

to a Violet solution. | converted into (‘)8 ’)-chloro-oxy-naphthoqui. 

Nitro-o-tolutde | c,.H,Cl(OH)0,. (Claus a. Muller, B. 18, 

formed i 3^73^ 

Di-chloro - (a) 


on di-ohloro-naphthoquinone. 
sparingly soluble needles. 

p-Nitro.anilide C,oH,C10,.NH.C,H,(NO ,) . 
[282°]. Formed by the action of p-nitraniline 
on di-ohloro-naphthoquinone; or by nitration 
of chloro-naphthoquinone-anilidcj* Red felted 
needles. Sl.^ol. alcohol and acetic acid, sol. 
alkalis to a violet solution. Nitrosaininc 
CioH,C10,N(NO)C,H^(NO,,). [126°]. 

0 . Toluide C.oH.ClO^.NHCeHstCHJH. 
[162°]. Red metallic crystals. Formed by the 
.action of o-toluidine on di-ohloro-naphtho jui- 
none. 

j).roIu<deC„H,C10^NHC,H,(CH,). [196°]. 
Formed by the action of p-toluidine on di-chloro- 
naphthoquinone. Metallic red crystals. Sol. 
acetic acid, si. sol. alcohol. Dissolves in NaOH 
to a violet solution. 


[230°]. 


*,C,.H,C10^H.C,H,(CH,)(NOJ. 
hy nitrating the o-toluide (P.). 

\ Nitro-P’toluide 

C,„y,C10j.NHC,H,(CH3) (NQJ. [236°-240°]. 
Formed by nitration of chloro-naphthoqaiuone- 
p-toluide. Red felted needles. SI. sol. alcohol 
and acetic acid. Dissolves in NaOH to a violet 
solution. 

, XO.CO 

ChlOTO*(jS) -naphthoquinone C^H^^ I 
^ ^CH-.CCl 

[172°]. Obtained by passing chlorine gas into 
(;3) -naphthoquinone suspended in ten times its 
weight of acetic acid. Red needles. Sol. hot 
alcohol, acetic acid, benzene, and chloroform. 
Dissolves in dilute caustic £kalis with a reddish- 
brown colour forming chloro-oxy-(a)-napBthoqui- 
none. With alcoholic NH, or aniline it yields 
respectively the imide or anilide of chloro-oxy- 

(а) -naphthoquinone (Zincke, B. 19, 2497). 

xo.co * 

hichlorids C^h/ I . [128°]. 

MJHCICCI, 

-Formed by passing chlorine into a solution of 

(б) -naphthoquinone in HOA^ (Zincke, B. 20, 
2800). Thin needles (containing 2aq). In the 


naphthoquinone CjoH^CljO,. 
[153°]. Formed, together with the isomeride 
[189°] by chlorinating di-nitro-naphthol (P.). 

p-Di-chloro-(a) -naphthoquinone CuH^CLO,. 
[174°]. Formed, together with di-chloro-phthal- 
ide, by oxidation of di-chloro-naphthalene [68°] 
with CrO, aifd glacial acetic acid. Long yellow 
needles. Sublimable. Sol. alcohol and ether, 
nearly insol. water. By NaOH it is converted 
into chftro -^oxy - (k) - naphthoquinone. With 
aniline it forms 0,oH^t;i(NHPh)02, garnet red 
needles, [186°] (Guarcsclh, B. 19, 1156). 

• • * o CO.CO 

Di-chloro- (/3)f naphthoquinone C.H^ I 

c NCChCCI 

[184°]. Formed by the action of chlorine upon 
(i5)-naphthoquinone, or better (o)-amido-(j8)- 
naphthol in acetic acid. Red plates, long flat 
needles, thick rhombki or mon^linio tables. 
Sol. chloroform, si. sol. alcohol. Sublimable. 
With alcoholic NH, or aniline it fields the imide 
or anilide of chloro-oxy- (a) -naphthoquinone. It 
dissolves in cold dilute NaOH tq ft oolooxlesa 
solution forming an acid 0|»H«ClaQ« which pos* 
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X(OH).CO,H 

flibly haa the oonstitutton OjE/ . 

'^Ol.CCl 

(Zinckc, B, 19, 2499). This acid cryatalliaes in 
^lcnder jjeedlea (containing aq) [100®] ; it forma 
a methyUtUr C,„H,Cl,(OH).GO Me [138®] and 
Rnac«i2/i-wei/iyi«</ierC,oH^Cl2(OAc)CO.^Me[70°]. 

Tri-chloro-(a).naphtii^quinon^08H8Cl302. 
Formed by oxidation of tri-chloro-naphthalene 
(Sl^®] (from /^) -iiaphthol-()3)-di-8ulphonio acid 
and PClj) witn CrO, and acetic acid. It was not 
iaolated, but by treatment with sftiiline was con- 
verted into the anilide C,oH,,Cl.(NHPh)03, which 
formed reddish-violet plates [228®] uncor., 
Bublimable (Claus a. Schmidt, B. 19, 3177). 
Tetra-ch\pro-(a) -naphthoquinone 
XO.CH * 

II [160® uncor.]. Long yellow 

Nio.ch • 

needles. Sublimable. Prepared by oxidation of 
I^nta-chloro-naphthalene with fuming HNOg at 
110®. PClj converts it into liepta chloro-naph- 
thalene (Claus afLippe, B. 16, 1018). 
Fenta-chloro-(a).naphthoquinone 
XO.CCl 

C.Cli^ 1> [217® uncor.]. Formed together 

\CO.CH 

with tetra-chloro-phthalic acid, by oxidation of 
hepta-chloro-naphthaleue [194®] with HNOj 
(1*6 S.G.) at 100®. Glistening golden plates 
(from chloroform).f Sublimes in long glistening 
needles. By alkalis it is converted into 

salts of tetra-chloro-oxy-naphthoquinone 
XO.C(OH) 

O.Cl.v II • With aniline it yields 

\30.CH 

XO.C(NHC8Hj) 

II » which crystallises from 

\CO.CH 


alcohol or acetic acid in glistening rod plates 
[240® uncor.]. By bolting witli PClj at 250° it 
is converted into per-chloro-naphthalcne [203®] 
(Ckiua a. Wenzlik, B. l3, 1166). 

DI-CHLOEO - 3) - NAPHTHDIIXJINONE DI- 
. CO.CO 

CHLOEIDE 08H,<7 | [91®]. Formed 

^CCLCC4 

by passing chlorino into a solution of (1, 2)- 
amido-naphthol in HOAo (Zincke, B. 21, 495). 
Yellowish crystals (from ether) ; v. sol. ether, 
HOAc, and petroleum ether. 

DI.CHLOEO-(a).NAPHTHOQTTINONE SUL- 
PHONIC ACID 

From sodium di-nitro-(a)-naphthol sulphonate 
i{a)-naphtkol yellow), KCIO3 and HCl (Claus, 
J.pr. [2] 87, 181). Light yqllow platesfv. sol. 
water and alcohol, insol.* ether. Converted by 
potash-fuaion into (j3)-oay-phthalio acid. Aniline 
forms (j;,HXl(NShH)O2(SO3H)J190®], a colour- 
ing matter ^stallising in dark-red plates. 

Salta. — NaA': yellow orysftilline powder 
(from water) or yellow plates (from alcohol).— 
CaA'j.— BaA'j. 

DI-CHLOEO-NAPHTHOSTYBIL V. Di- 


onLoao-iiane-NAFHTBoio lyicTAU. 

TSTBA-GHfOBO-(j3i3)-DINAPHTEYL 
CmHijOI*. Amol|>hoU8(Smitha. Poynting, 0. 
27,864). " 

Heza:0hi'6Y^i(aa)-dinaphthyl OsoH^Oh. 
Ainorphoua^^^oasen> A, 144, 77). 


CHL0E0.(a).NAPHTHYL- AMINE Ci.H^ClN 

8 0 H /^*^^***9^ - 


\ CH=CCl 


\ OH=CP 


[56®]. Obtained by reduction of di-chlor^o)- 
naphthylamine [82®] with tin and HCl. Tnm 
white needles. Very unpleasant smell. SI. sol. 
hot wafer. Very volatile with steam. Its salts 
are deeomposed by water. 

Salts. — BHClaq: silky needles. — 
B'HClSnClj : thin glistening plates.— B'HaSO^aq : 
slender white needles (Clfive, B. 20, 460). ^ 

Chloro-(a).naphthylamme C.oHjC^NHj). 
[86®]. From chloro-nitro-naphthalene by re- 
duction (Atterberg, i/, 10, 54^). — B'HCl. 

Chloro-(o)-naphthylaniin6 0,oHgCl(NHj). 
[94®]. Formed by reducing (7)-di-chloro-nitro- 
naphthalcne (Atterberg, B. 9, 1730). Fe^Ol, 
gives a greyish-green coloration. Displacement 
of NH2 by Cl forms (Q-di ohloro-naphthalene 
(Atterberg, B, 10, 648).— B'HClaq.— B'HSnCl,. 
— 

*Chloro-(a) -Maphthylamine OuHaCl (NHj). 
[98°]. Formed by the slow action ^f SnCl^ on 
a solution of {a)-nai)hthylaraine hydrochloride 
exposed to air (Seidler, B. 11, 1201). 

Acetyl derivative C.oH^CHNHAc). [184®]. 

(o)-Chloro-(j8)-naphthylamine OmHgCl.NHj 
[1:2]. [69®]. From the acetyl derivative and 
IICI. Elimination of NH, gives (a)-chloro- 
naphthalene.— B'HCl aq. 

Acetyl derivative OjoHaCl.NHAc. [147°]. 
Formed by passing chlorine into a solution of 
acetyl (/3)-naphtbylainine in dilute HOAo (Cl^ve, 
B. 20, 1989). 


Di-chloro-{a)-Daphthylamine OioHjCljfNH^). 
[10 1^]. Formed by reducing (‘ j9 *)-di-cnloro- 
nitro-naphthalone [68^’]. Needles (from alcohol), 
B'HCl.-B'HSnCla.— B'„H2PtCl,2aq.-B'H,SO,. 

(7;)-Di-chloro-naphthylamine 0,oH8Cl2(NH2). 
[94® ?]. Formed by reducing (i])-di-ohloro-nitro- 
naphthalene (Cl6ve, Bl [2] 29, 600).-B'HCl. 
Di-chloro.(a).naphihylamino Oi^HjCl^N pro- 
X{NH2):CC1 

bablyC^n/ I . [82°], Obtained by 

\ CH:=:=.CC1 * 


saponifying its acetyl derivative, which is formed 
by passing chlorine (2 mols.) into an acetic acid 
solution of acetyl-(af-naphthylamine (1 mol.). 
Crystalline solid, of disagreeable odour, V. e. 
sol. alcohol. Volatile with steam. Non-basic. 
By HNOj it is oxidised to phthalio acid. By 
elimination of the NHj group by the diazo-re- 
action, di-chloro-naphthalene [61°] is formed. 
By tin and HCl it is reduced to mono-ohloro-(a)- 
naphthylamine [66®]. • 

Acetyl dsrivo five 0 ,oH5C1j.NHAc: [214°]; 
long thin white needles ; sol. acetio acid, alcohol 
I and chloroform ; sublimable (Cl^ve, B. 20, 448). 

DI.CHLOEO-DI•(^^NAPHTHYL-AMINE 

(C,8H,C1)|NH. 

BenToyld6rivative{C,,Ufi\)M^- [203® 
nncoT.] ; smalP white needles ; sol. alcohol, 
benzene, and chloroform. Formed by the action 
of PCI, on the benzoyl derivative of di-(3)-naph- 
thylamine (Claus a. Richter, B. 17, 1690). 

DI . CHLOEO . NAPHTHYLENE - DIAMIItB 
0„H4CU(NH3)3. [206®]. Formed by reduction 
of di-omoro-di-mtrft-naphthalene [263®] by tin^ 
HCl, and HOAo (A16n, Bl. [2] 86, 436). 
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DI-CHIOBO. (a).l>INAFHTHTL£N£.OXIOE 
OgoH,,01gO. [151®]. Prepared by the action of 
PCI5 on (a)-diDaphthylene-oxide (Knecht a. Un* 
Eeitig, B. 18, 1725). Sublimes and cryaiallises 
in yellow needles. V. sol. benzene and acetic 
acid, si. sol. alcohol, ether, and chloroform. 

Di.oliloro.(j8)-dinaphthylene-oxideC.(,H.(,ClA 
[246®]. Prepared by the action of PCI* on (is)- 
dinaphthyleno-oxide (K. a. U.). Yellow gKsten- 
ing needles (from benzene). 

TBI-CHLOKO. (a) and (jB) -DI-NAPHTHYL- 
ETHANE CCl,.CH(C,oH,)j. Formed together 
by the action of H^SO^ on a mixture of naphthal- 
ene and chloral, thus : CC1,.CH.0 + 2C,oHg 
«CCl,.CH(C,oH,),+^,0. ‘ 

Preparation,—^ pts. olf H^SO, mixed with 
6 pts. of fuming HjSO^ are added to a mixture 
of 3 pts. of chloral, 8 pts. of naphthalene, and 
6 pts. of chloroform (Grabowski, B. 11, 298). 

{&)-modifi cation [156®]. Crystals. Insol. 
cold, si. sol. hot, alcohol and ether. Separated 
from the (a) -modification by its sparing sdu- 
bility in alcohol. On distillatioi it loses IlCl 
forming dichfcro- (/3) -dinaphthyl-ethylene. 

Teira^nitro-derivative [258®]. Yellow pow- 
der. Insol. alcohol, ether, C,Hg, Ac. 

{c^-modijicaiion. Not isolated in the pure 
state, y. sol. alcohol. 

DI-CHLORO-(a)-DI-NAPHTHYL-ETHYLENE 
CC1^:CH(0 ,oH,) 2. [150®]. SI. sol. cold, v. sol. 
hot, alcohoL Long colourless needles. Less 
stable than the (i8).modification. Prepared by 
distilling erode trichloro-(a)-di -naphthyl-ethane 
with 20 p.o. of lime (Grabowski, B. 11, 299). 

Tetra^nitro-derivative, [214®]. 

Di-chloro-(i3)-di-naphthyl*ethylen0 
CCL,:CH(C,oH,),. [219®]. (above 360®). Distils 
without decomposition. Short prismatic pillars. 
SI. sol. alcohol. Prepared by the distillation of 
tri-chloro-(/B)-di-naphthyl-ethane. 

Tetra-nitfXhderivative. [293®] (Grabowski, 

B, 11,299). 

CHLOBO - (/3) - NAPHTHYL -PHOSPHORIC 
ACID C„HgC1.0P0(0H)j. [205® uncor.]. 

Formed as a by-product m the action of PClj 
(2 moi8.)gOn potassium (/3)-naphthol-8ulphonat0 
(1 mol.) at 160® (Claus a. Zimmermann, B. 14, 
1483). Small plates. By boiling alkalis it is 
decomposed into ohloro-(/§^naphthol and phos- 
phate. 

CHLORO-NICOTINIC ACID v. Chloro-pyri- 

DINB-OABBOXYLIC ACID. 

•-DI-CHLORO -0-NITRO - ACETOPHENONE. 
0,H,(NO^.CO.CHCly [28®]. Nitro-phenyl di- 
ehhro-methyl ketone. Formed by chlorination 
of cX(NOj).CO.Mp fGevekoht, A. 221, 828). 
Plates (from benzoline). 

CHLOHO-NITRO-AiaDO-PHENOL 

C. H,C1N A U. C.H,C1(N03)(NH,)(0H) [2:4:6:!]. 
[160®]. Formed by reducing chloro-di-nitro- 
phenol [110*^ with ammoiRum sulphide (Griess 
a. Kolbe, A. 109, 286; Faust a. Miller,* A. 173, 
816 ; Z. 1871, 339 ; Armstrong^ C. J. 25, 14). 
Slender brass-yellow needlM (containing ^ aq) 
(from hot water). When dried at 100® it is scar- 
let. Elimination of NH^ gives chloro-nitro- 
phenol [110®].— BBiCl ; yellowish needles. — 
B'*Hj80,.—NH,(CgH4ClN,0,).— 
Ba(C.H,01NA)a4aqi slender black needles. 

Chloro-nitro-amido-phenolT Methyl ether 
0A(Cl)(NOJ(OMe)(NHJ. OMoro^nibro-anisi- 


dine. Acetyl derivajive [186®], yellow 
needles, sol. alcohol and ether, insol. cold water 
(Herold, B. 15, 1686). 

Chloro-di-nitro-amido-phenol. * Methyl 
ether CgH(Cl)(NOj),(OMe)(NH^). Acetyl de- 
rivative [165^], yellow needles (H.). 

Chloro - tri - nitro - amide • phenol. Methyl 
ether Cg(CI)(N02),(OMp)(NHj). Acetyl do- 
rivative [198®], orange-yellow needles (H.). 

CHLORO - NITRO - AMIDO - Dl^- PHENYI?- 

AMINE V. CHLORNITROPratNTL-P&milBNE-DT- 

AMINE. *' - 

CHIORO-NITRO-ANILINE 

C,H,Cl(NO,)(NH,) [4:3:1]. [103® nneor.]. 

Formation. — 1. By nitration of p-ohldro- 
aniline dissolved in 10 pts. of H^SO^; the yield 
is 50 p.c. of the chloraniline.— 2. Together with 
a much larger quantity of the (6:3:l)-iso- 
meride by reduction of flhloro-di-nitro-benzene 
C,HjCl(NOJj [4:3:1] in alcoholic solution with 
SnClo and ilCl. • 

I Properties.Small yellow glistening needles 
1 (from hot petroleum-ether), or l(5ng thin needles 
(from boiling water). V. sol. alcohol, ether and 
chloroform, m. sol. hot water, nearly insol. cold 
water. Weak base. By elimination of the NH, 
group it gives o-chloro-nitro-benzene [33°]. By 
replacement of the NH, group by Cl, di-chloro- 
I nitro-bonzene [55°] is formed. 

I Acetyl derivative CuHjCl(N02)(NHAc) 

! [100®]; small yellow needles ^(Claus a. Sticbel 
I B. 20, 1379). 

i Chloro - nitro - aniline C6HjCl(NOj)(Nri .) 
[2:4:1]. [105®]. Prepared by heating (1, 2, 4)- 
di-chloro-nitro-benzene [43®] with ammonia at 
210® (Beilstein a. Kurbatofl, A. 182, 98). Ap- 
pears also to be formed in small quantity by 
nitrating acetyl-o-chloro-aniline. Light yellow 
needles. Elimination of NH^ gives m-chloro- 
nitro-bcnzenc. 

Acetyl derivative ^C«H3Cl(NOj) (NHAc). 
[139®]. 

Chloro - nitro - aniline C^HiCl (N Oj) (NH^) 

[4:2:1]. [115®]. (B. a. K.) ; [116®] (K.). From 
(l,4,2)-di-chloro- nitro -benzene and alcoholic 
: NHj at 165°. Formed also by nitrating acetyl 
yi-chloro-aniline (Komer, O. 4, 373; Beilstein a. 
Kurbatoff, B. 9, 633 ; A. 182, 94). Orange- 
yellow needles (from water) or spherical groups 
of brick-red needles (from alcohol). Elimination 
of NHj gives w-chloro-nitro-benzene. Ecduc- 
tion to ohloro-phenylene-diamine followed by 
treatment with sodium-amalgam gives o-phenyl- 
ene-diamine*(K6rner). 

Chloro - nitro - aniline 
[6:8:1].. [117°]. 

Fonkatien, — 1. “Together with a smaller 
quantity of the (4:3:l)-i8qrneride by reduction of 
chloro-m-nitro-benzene CaH^ClQJOj)- [4:9:1] in 
alcoholic solutioif with SnClj (ulauA a. Stiebel, 
B.20, 1379).— 2# By nitration of aoetyl-o-ohloro- 
aniline (B. a. K.J. 

Properties.— Yellow needles. Elimination of 
NH, gives ®-ohloro-nitro-benzene. 

Acetyl derivative CaH,Cll(^03)(NHAo). 
[164®]. • c • 

Chloro - nitro - aniline 04H,01(NO.) (NH^) 

[3:6:1]. [126®]. 

Formation.— 1. By heating (3,6,l)-di-ohloro- 
nitrO'benzene [83®] with alcoholic NH, for 
10 hours at 160® (Kdrner, Q. 4, 373).— 2. From 
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jWoro-^-nitro-benzene [89®] and KH, (Lanben- 
beimer, JB. 9, 1826).— 3. By nitrating acetyl 
pi-chloro-aniline (B. a. K.), 

Proptrties.—Thin yellow 1 amines (from alco- 
hol). •Elimina^on of NH, gives p-ohloro-nitro- ' 
benzene. Koduction by tin ^nd HCl gives 
chloro-phenylene-diamino whence sodium-amal- 
gam produces o-phenytene-dianfine (Kfirner). i 
Acetyl derivative C,H,Cl(NOa)(NHAc). 

Chioro - nitro - aniline CeH3Cl(NO,)(NH,) 
[3:4:1]. [157^. Formed, together with the 

preceding, by nitrating acetyl wi-chloro-aniline 
(B. a. K.). Yellow lamince (from benzene). 
EBmination of NH, gives o-chloro-nitro-benz- 
ene [32*6®]. 

Acetyl derivative [142®]. 

Chioro - di-nitro - an iline C JI ,Cl(NO,),(NH,) 
[4:2:6:!]. [145^]. From di- chioro -di- nitro- 

benzene [104°] and alcoholic NH,. Formed 
•also by chlorinating di-nitro-aniline [138°] and 
by treating the methyl ether of chloro-di-nitro- 
phenol [65°] wiih NH, (K6rncr). Orange needles. 
Alcoholic EOH converts it into chloro-di-nitro- 
phenol. 

Di-chloro-nitro-aniline 0 JLCl ,(NO,) (NH.) 
[8:6:2:1]. [68®]. From its acetyl derivative, 

which is formed, together with the (3,(),4,l)-iso- 
merido [153°], by the nitration of C,H3Cl..(NHAc) 
[3:6:1] (Beilstein a. Kurbatow, A. 192, 232). 
Also from (3,i^2,l)-di-chloro-di-nitro-bcnzen0 
and alcoholic NH, (KSrner). Yellow needles. 
Displacement of NH, by 01 gives (3,6,l,2).tri- 
chloro-nitro-bcnzene [89°]. 

Acetyl derivative 0,HA(NO.)(NHAo). 
[205°]. 

Di-chloro -nitro- aniline C,H.,Cl..(NOJ(NHo) 
[3:5:G:1]. [79°]. Prepared together with the 

(3.5.4. 1) -isomeride [171°] by nitration of acetyl- 
(l,3,6)-di-chloro-aniline. Yellow needles. Con- 
verted by eliminati?»u of NH^ into ^-cbloro- 
nitro-benzeoe [33^]. 

• Acetyl derivalive [139°]. Sol. CS, 
(Beilstein a. Kurbatow, B. 11? 1979). 

Di-chloro-nitro-aniline C3H,C1,(N0,)(NH.,) 
[4:3:2:!]. [96°].* Prepared together with the 

(4.3.6.1) -isomoride [175°] by nitration of acetyl- 

(4.3.1) -di-cliloro-aniline. Yellow needles. 

Acetyl derivative [163°] (Beilstein a. 

Kurbatow, B. 11, 1978). 

Di-chloro-o-ttitro-aniline C3HjCl..(N03)(NH,) 
[2:4:6:!]. [99°]. Formed by passing chlorine 
into a solution of o-nitraniline in cone. HCl 
(Danger, A. 215, 111). Formed al^o by nitration 
of acetyl-(4,2,ll-di-chloro-aniline, or by chlorina- 
tion of aootyl-(4,2,l)-chloro-nitro-aniline, and 
decomposition of the r^suBing acetyl aerivative 
by HCl (Witt, B. 7. 1603; 8, 820). Slender 
orange needles (from benzoline). V. sol. alcohol, 
ether, or ^enzSline. Elirainfttion of NH^givIs 
di-chloro-nitro-benzeno [G5°] « 

Acetyf aerivative C,H,Cl,(NOj)(NHAo). 
[188°]. 

Di-chloro-nitro-aniline CsH,Cl4(NOj) (NH,) 
[3:6:4:!]. [163°]. Prepared, together with the 

(3.6.2.1) -ilomeride [683^, by nitration of acetyl- 

(3.6.1) -di-chroro-aniline. Yellow needles. 

Acetyl derivative [146®] (Beilstein a. 

Kurbatow, B. 11, 1978 ; A. 196, 236). 

Di-ohloro-nitro-aniline 0,H.A(N04)(NH.d 
[8:2:6:1]» [168®]. Formed by beatingOjEI,Cl,(NO|) 


PT mth alcoholic NH, at JIO" (Beilstein a. 
Kurbatow, i. 192, 236), By elimination ot NIL 
it gives di-ohloro-nitro-benzene [43°]. 

Di.chloro-nitro.aniline C,H.,Cl,,(NOJ(NH,) 
[8:6:4:1]. [171®]. Large yellow needles. Pre- 
pared, together with the (8,6,6,l).isomeride [79°], 
*^4i*®tjon of acetyl-(6,3,l)-di-chloro-aniline. 
Elimination of NHj gives di-chloro-nitro-benzene 
[71®> 

Acetyl derivative. [222°]. Insol.inCS, 
(Beilstein a. Kurbatow, A. 196, 227; B. 11. 
1979). 

Di-chloro-nitro-aniline OJl2CL(NO.)(NH’) 
[3:4:6:!]. [175°]. Prepared by the action of 
alcoholic NH, on tnohloronitrobenzene [68°] or, 
together with the (4,3,2,i)-isomeride [96°], by 
the nitration of acetyl-(4,3,l)-di-chloro-aniline. 
Yellow needles. Displacement of NH, by 01 
gives tri-ohloro-nitro-benzene [68°]. 

Acetyl derivative [124°]. Loss sol. 
alcohol than the isomeride (1;4,6;6) (Beilstein a. 
Kurba^iw, A. 196, 225; B. 11, 1978). 

Di-chlorc*nitro-aniline CJI_,C1^(N02)(NH2) 
[2:6:4:!]. [188°]. Formed by chlorination of 
p-nitro-aniline (Kiirner, 0. 4, 276; Witt, B. 8, 
143). Lemon-yellow needles. Elimination of 
NHj gives di-chloro-nitro-benzene [65°]. 

Acetyl derivative C,H.A(NO..)(NHAc). 

[ 210 °]. 

Di-chloro.di.nitro.anilineC,HClj(NO...)2(NH2) 
[3:4:2:6:1]. [128°]. Formed by nitrating* acetyl- 

(4,3,l)-di-chloro-anilme, and eliminating Ac by 
HjSO^ (Beilstein a. Kurbatow, A. 196, 236; 
B. 11, 1978). Large red needles. 

Acetyl derivative C,HCL(NO,),(NHAo) 
[246°]. 

' Tri-cbloro-nt-nitro-aniline 
CJIC1,(N02)(NII2) [5:4:2:3;1]. [98®]. From 

w-nitraniline (1 pt.), cone. HOI (25 pts.) and 
water (20 pts.), by passage of a mixture of air 
and chlorine (Langor, A. 216, 110). Long, 
broad yellow needles (from light petroleum). 

Tri-chloro-nitro-auiline CgHCls(N02)(NH2) 
[2:4:5:6:1]. [124®]. Prepared by nitration of 

acetyl-tri-chloro-aniline [185°], and elimination 
of Ac by HCl. Yellow needles. 

Acetyl derivative CjHCl,(N02)(NHAc). 
[193°] (Beilstein a. Kurbatow, A. 196, 236; 


B. 11, 1980). 

CHLORO - NITRO - ANI8IDINE v. 

ether of CiUiORo-NiTRO-AMino-rHENoi,. 


Methyl 


GHLORO-NITRO-ANISOL v. Methyl ether of 
Chloro-nitro-phknol. 

o-CHL0R0-NITR0;BENZENE C,HgCl(N02) 
[1:2]. Mol. w.l67i. [32'6°]. (243°). S.G. « 
1-368. 

jFomafion.-— l.Togetherwiththejp-isomeride, 
by nitrating chloro-bonzene (Jungfleisoh, A. Ch, 
[4] 15, 186; Laubenheimer,k7,1766; 8,1621; 
Sokoloff, Z. 1866, 621 ; Lesimple, Z. [2] 4, 225). 
2, From chloro-nitfo-aniline [167°] by elimina- 
tion of^Hj through the diazo- reacUon (Beilstein 
a. Kurbatoff, B. 9, 633; A. 182, 107).-8. In 
small quantify by the action of PCI, on o-nitro- 
phenol (Engelhardt a. Latschinoff, Z. [2] 8, 225). 

Propcffics.— Needles ; converted by aqueous 
NaOH at 180° into o-nitro-phenol. Not attacked 
by alooholio KCy. 

m-Chloro-nitro-beniexie OgHfCllNO,) [1:8]. 
[46®]. (286® oof.). 

Formafton.— 1. By ehlocination of nitfo* 
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benzene in presence of iodine (Laubenheimer. 

B. 7, 1765) or SbCl, (Beilstein a. Kurbatoff, A. 
182, 102).— 2. From m-nitro-aniline by displace- 
ment of NH, by Cl through the diazo- reaction 
(Griess, Pr. 13, 381). 

Preparatiofi. — 1. From nitro-benzene (600 g.) 
and Fe,01g (10 g.) by chlorination (Varnholt, 
/. [2] 86, 25).— 2. By running a solution of 

NaNO] into a hot solution of ?n-niti'o-anMine 
and G11.GL in dilute HOI (Sandmeyer, P. 17, 
2650). 

Properties. — Trimetrio crystals ; a:b:c = 
*681:1: *498. Sublimes in flat needles. V. sol. 
ether, benzene, chloroform, CSj, HOAo, and hot 
alcohol. 

^Reactions,—!. Nurationtorma CaH3Cl(N02)2 
[89®].— 2. Alcoholic KOH gives (C,H,C1),N,0. 
[97®]. — 3. Alcoholic KCy gives o-chloro-benzo* 
nitrile (Bichter, B. 8, 1418). ■ 

p-Chloro- nitre -benzene CjH,Cl(NOJ [1:4]. 
[M*]. (242°). S.G.**l-38. 

FormaHon,—!. Together with the ^-iso- 
meride, by nitration of chloro-benasne (Riche, 
A. 121, 357; Jnngfleisch, A. Ch. [4] 15, 180).--- 
2. From j)-nitro-aniline by displacement of NH^ 
bv Cl (Griess, Pr. 13, 381).— 3. From p-nitro- 
phenol and PClj (Engelhardt a. Latschinoff, Z. 
1870, 230). — 4. From (3,6,l)-cliloro-nitro-aniline 
by dimination of (Beilstein a. Kurbatoi!, 
A. 182, 105). 

Pfipperttes.— Trimetrio plates. 

Reactions,--!. Heating with aqueous Na^CO, 
ind NaOH at 130® slowly forms p-nitro-pheuol. 
2. Alcoholic KOH gives (CeH^ClI^NaO and, at 
180®, C,H401.N2.C«H4C1. If the alcohol be dilute 

C, H4C1.0Et is formed.— 3. Alcoholic KCy gives 

m-ohloro-benzonitrile. ' 

Chloro-di-nitro-benzene CaHjCl (N02)2 [1 :3:4?]. 
Mol.w. 202^. According to Laubenheimer {B. 
9, 760, 768) the chloro-di-nitro-benzene formed 
by nitrating m-chloro-benzene, exists in four 
modifications, viz. : 

(o). [36®]. Thick monoclinio prisms: a:h:c 
m 1*887:1; *981 ; /3 « 114® 14'. Gradually passes 
into the (7) modification. 

(fl). [37®], Monoclinic prisms, a:b:c 
« *625:1: 'SuO ; /9 = 91° 27'. Gradually passes 
into the (7) mo^fication. 

(7), [39®]. Thin trimetrig needles. 

(B). Liquid. 

Reactions. — 1. Aqueous NaOIl forms chloro- 
nitro - phenol [89®]. — 2. Aniline forms 

reduce 

it to cUoro-phenylene-dianyne [72®]. — 4. Boiled 
with 8 solution of sodium sulphite it gives 
ehloro-nitro-benzene-s^phonic acid and NaNO, 
(Laubenheimer, B. 15, 597).— 5. PJienyl-hydra- \ 
sine forms 0,H,Cl(N02).N^h [140®] (Willge- 
lodt, J. pr. [2] 87, 855). 

Chloro-di-nitro-benzene G,H,C1(N02)3 [1:2:4]. 
[58*6®]. (315®). 8.G. l* 1607. 

Formation,—!. By nitration of o- hr p- 
chloro-nitro-beneene (Jungfleisch, JL Ch. [4] 15, 
180^, — 2. From di-nitro-phenol and rCl,(Clemm, 
Z. 1870, 274). 

Properties. — Trimetrio crystals; Tf sL sol. 
eold idcohol, ▼. sol. boiling alcohol and ether. 
Jungfleisch describes a physical isomeride [42°]. 

Reactions.—!. Tin and HOI form chloro- 
nitro-aniline [89®].— 2. Strong 'aqueous KOH 
loma di-nitro-phenoL— 8. Alcoh^ NH, at 


110® forma di-nitro-aniline [175®]. — 4. Alcoholic 
i NMe, forms C,H,(N02)2(NiMe2) [78®].-5. Di- 
methyl-aniline gives C6H3(N02)2(NPhMe) [167°] 
(Leymann, B. 16, 1233). — 6. By the abtion of 
KOH dissolved in an alcohol, it g^ves thecether 
of the di-nitro-phfiiiol corresponding to the alcohol 
used (Willgerodt, B. 12, 762).— 7. Phenyl-hy- 
drasine in the bold forms OaH3(N02)2.NjH,Ph 
[120®] crystallising in red plates and converted 
by boiling HOAo into C,H3(NO)2.N,Ph [247°] 
(Willgerodt, J.pr. [2] 37, 347, 449). 

Chloro - tri - nftro - benzene JCgHjC^NOj)*. 
[1:2:4:6]. Picryl chloride. Mol. w. 247^. [83®], 
From tri-nitro-phenol (picric acid) and PCI4 
(Pisani, A. 92, 826; Clemm, J. pr. [2] 1, 145; 
Z. [2] 6, 444). Amber-yellow mo^oclinic tables 
(from ether) or nearly colourless needles (from 
alcohol). V. sol. boiling alcohol, si. sol. ether. 
Combines with benzene anfi other aromatic hy- 
drocarbons (Liebermann a. Palm, B. 8, 378). 

Reactions . — 1. Water or aqueous Na^OO, 
converts it into tri-nitro-phenol.— 2. Ammonia 
forms tri-nitro-aniline. — 3. Alcoholic KOH forms 
GgH ,( NO.,) ,OEt. — 4. Fthyl - hydrazine forms 
CJL(NOj3N.,HEt [200®] (Fischer, A. 199, 
299). — 6. Phenyl-hydrazine forms C,.,H,Nj04 
[225®] (238°) (Willgerodt, J. pr. [2] S7,'Sb7).— 
6. Alcoholic di - methyl - amine gives rise to 
C,H3(N03)3NMe.. [114®] (Van Romburgh, R. T. C. 

2, 105). 

Di-chloro-nitro-benzene C^HjCl2(N02) [1:3:4]. 
[33®]. Formed by nitrating w-di-chloro-benz- 
ene (Korner, 0. 4, 305 ; J, 1875, 323 ; Beilstein a. 
Kurbatoff, A. 182, 97). Long needles (from 
alcohol). Converted by alcoholic NH, at 210® 
into C„H,Cl(NH,)(NO.,) [1:3:4] [125®]. Aqueous 
Na^CO, has no action even at 290°. Alcoholic 
NaOH readily forms CbH3Cl(0Et)(N02). 

Di-chloro-nitro-bonzene C4H,Clj(N02) [1:2:4]. 
[43®]. From C,H.Cl,(N02)fNH.,) [1:2:4:3] and 
[6:2:4:3] by displacement of NHj by H (Beilstein 
a. Kurbatoff, A. 192, 235}. Formed also by 
nitration of o-di-chloro-benzene (B. a. K., A.« 
176, 41). Long ndfedies (from alcohol). Con- 
verted by alcoholic ammonia at 210° into 
CeH3Cl(NH2)(N02) [105®]. 

Di-chloro-nitro-benzene C^H,Cl2(N02) [1:4:6]. 
[55°]. (266°). S.G. 23 1.669. 

Formation . — 1, By passing chlorine into 
cold nitro-benzene (76 g.) containing Fe^Cl, 
(11*5 g.) (B. a. K.; Page, A. 225, 208).--2. By 
nitration of p-di-chloro-benzene (Jungtieisch), — 

3. From C,H3C1(N02)(NH,) [4:3:1] by the action 
of Cn^Cl.^ upon the diazo- compound (Glaus a. 
Stiebel, B. 20, 1381). 

Properlies.—Tnclinio crystals (from CSJ. 
Volatile \inth ateam. “Alcoholic KOH converts 
it into C«H,(0H)CI(N02) [1:4:6] [86®], together 
with (C,H,Cl2)jN20 and di-chloro-aniline p50°] 
(likubenheimer, B, T, 1600). By alcoblhlic NH, 
at 200® it id converted into chloro-pitro-aniline 
[116®]. ^ 

Di-chloro-nitro-benzene CaHaCljfNOj) [1:8:6], 
[65®]. From the di - chloro - nitro - anilines 
C,H2(NH,)Clj(N02) [1:2:4:6] and [H2:6:4] by 
eliminating NH, (K6mer,^. 4 , 876>. witt, B. 7, 
1604 ; B. 8, 144) Long thin lamm® (from al- 
cohol). Volatile with steam. Alcoholio NH, does 
not act upon it. 

Di - chloro - di • nitro -benieoe G,H,i^(N03), 
[103°3. ‘ Formed by nitrating m-m-ohloror 
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benzene (KOmer, 0. 4^ 306 ; J. 1876, 323). Yel- 
lowish prisms. Converted by aqueous KOH into 
a chloro-di-nitro-phenol. 

Di - ohloro - di - nltro - benzene C„H,C1.^(N 0,) j 
[l:4;2e6]. [878] (J.) ; [104°] (Engelhardt a. 

Latsohinoff). ^812°). S.G. 1*8 10. Formed, to- 
gether with the following, by nitrating p-di- 
chloro-benzene (Jungfleisch). f^all monoclinic 
latea. Boiling aqueous NBjCO, converts it into 
i-chloro-ptenol [80°]. 

Di - chloro - di -nitro -benzene C^H.,C1,(N02), 
[l:4;2:8or6] [^p7°] (J.); [101°/(E. a. L.). (318°). 
8.0. 1*C95. Formed as above. Monoolinic 

needles. Boiling aqueouc Na,^CO, converts it 
inlo chloro-di-nitro-phenol [70°]. Alcoholic 
NH, at 180° .forms C,HjCl,(NH 2 )(NOj) [66°] 
(Korncr, 0. 4, 860). 

Tri - chloro • nitro - benzene C„HjCl,(N02) 
[1:2:4:6]. [67°]. (288*). S.G. 21 1*790. Formed 
by nitrating CgHjCl, [1:2:4] (Lesimple, Bl. [2] 
• 6, 161; A. 137, 123). Sulphur-yellow mono- 
clinic prisms Jfrom CS,.). Converted by NHj 
into C,H,,(NH2)Cl2(N02) [l:3;4:r)]. 

Tri-chloro-nitro-benz ene 
O^HXIjINOJ [1;2:3:4]. [60°]. From c-tri- 

chloro-benzene and fuming HNO, (Beilstein a. 
Kurbatow, A, 192, 235). Colourless silky needles 
(^from alcohol). V. sol. ether and CS.^, m. sol. 
dilute (50 per cent.) acetic acid, si. sol. alcohol. 
May be reduced to tri-chloro-aniline [68°]. 
Alcoholic NH,f<Ana C^H A(Nli,)(NOj) [1:2:3:4] 
[163°]. 

Tri-chloro-nitro-bonzene 
CflH 2 Clj(NO,) [1:3:6:2]. [G8°]. From s-tri-chloro- 
benzene aria fuming HNO, (Beilstein a. Kur- 
batoff, A. 192, 233). Long needles (from alco- 
hol). V. sol. CSj and light petroleum. Am- 
monia at 230° forms C,H,(NHj),Cl(NO,) [1:3:5:2]. 

I ri-ohloro-nitro-benz eue 
C,H2C1,(N02) [l:3:6i2]. [89°]. Formed from 
C^HjCMNEJiNO^) [3:6:1:2] by diazo-reaction 
(B. a. K.). Colourless, needles (from light petro- 
ifeum). V. sol. alcohol, less sol. light petroleum. 

Tri-chloro-di-nitro-benzene CgHClj(NOj) 2 . 
[103*5°]. (335°).^ S.G. ^ 1*85, Formed by 
nitration of w-tri-chloro-benzene (Jungfleisch). 
Light yellow six-sided prisms. Insol. cold alco- 
hol, sol. hot alcohol and ether. 

Tri - chloro - di - nitro - benzene CaHClj(N02) j, 
[1:8:6:2:4]. [180°]. Formed by nitrating s-tri- 
chloro-benzeno (Jackson a. Wing, Am. 9, 353). 
Thick white prisms (from alcohol). Sol. cold 
alcohol and ether; t. boI. benzene, CS,, and 
chloroform. 

Tri - chloro - tri - nitro - benzene OgClj(NOj), 
[1:3:6:2:4:6]. [187°]. formed by nitrfting the 
preceding (Jackson a. Wing, Am. 9, 354). 
Thioli white needles ffrom alcohol). V. si. sol, 
water, sok aicbhol, v. fiol. ether, benzene, anfl 
CS,. ^ 

Tetra-ciilAo-nltro-bcnzene 
C«H(N02)C1, [1;2:3:4:6]. [22°]. From tt-tetra- 
chloro-benzone and fuming HNO, (Beilstein a. 
KurbatoH, A. 192, 238). Colourless needles. 
V. sol. beif^BBf e, GS,, and hot alcohol. 

Tetra-ohloro-nitro-benzene 
C,HCl,(NO,) [1:2;8:4:5]. [64*6°]. From c-tetra- 
chloro-benzene and fuming HNO, (Beilstein a. 
Kurbatofl, A, 192, 289). Bmall needles, sU soL 
blcohol. 


Tetra-cMoro-nitro-benzene 
C,H(NO.,)Cl4 [1:2;3:6:6]. [99°]. (304°). S.G. « 
1*744. From s-CuH^Cl, and fuming HNO,. Some 
chloranil is also formed, but light petroleum 
dissolves the C«H(NOj)Cl, only (Beilstein a. 
Kurbatow, A. 192, 236 ; cf. Jungfleisch, loc. cit.). 
Fornjed also by passing chlorine at 100° into 
nitrobenzene containing Fe^Cl, (Page, A. 226, 
208)! Needles (from alcohol). 

Fenta - chloro - nitro - benzene CgClj(NOj). 
[146°]. (328°). S.G. 1*718. Formed by heat 
ing pcnta-chloro- ben zone with fuming HNO, 
(Jungfleisch). Slender needles (from alcohol) 
or monoclinio tabl^ (from CSjj). V. sol. boiling 
alcohol, CS^, and cnloroforpi. 

CHLORO - NITR6 - BENZENE - SULPHONIC 
ACID C«H3(C1)(N02)S0>H [1:4:3], Formed by 
boiling (l:3:4)-chloro-di-nitro-bonzene with a 
solution of sodio sulphite.— NaA'2aq: glistening 
prisms or needles, sol. water and alcohol. 

Amide [169°]. Plates or needles. Sol. 
^JcohfJ.sl. sol. water (Laubenheimer, R. 16, 697). 

m-Chlor-litro-benzene sulphonio acid 
0.H,(Cl)(N02)(S0,H) [1:3:®]. Prepared by sul- 
phonation of w-chloro-nitro-benzene. On re- 
duction it gives a chloro-amido-phenyl-mer- 
captan which does not form anhydro- compounds. 

Halts.— A'jBa* : white sparingly soluble 
needles.— A'^Pb* : soluble needles.— A'K : white 
soluble needles (Allert, B. 14, 1434). 

(a).Cbloro-nitro-ben 2 ene-snlphonic acid 
C,H,(Cl)(NO..)SO,H [1:3:?]. Formed together 
with an isomeric (j3)-acid by sulphonation of 
w-chloro-nitro-benzene. 

Salts.— A'K : needles or plates, sol. alcohol. 
AJNa 2^aq : yellow needles.— A'^Ba 2aq : small 
brown needles or plates, v. sol. alcohol. — 
A'jSr?,aq: thick brown plates, sol. ajoohol 
(Post a. Meyer, B. 14, 1G06). 

(8)-Ghloro-nitro-benzeiie-Bulphonio acid 
C..H3{C1)(N02)S0,H [1:3:?]. Formed together 
with the preceding by sulphonation of w-chloro- 
nitro-benzene. 

Salts.— A'K ^aq: light yellow prisms.— 
AjBa^aq : smallyellow needles, insol. alcohol. — 
AjSr: yellow crystalline powder (Post a. Meyer, 

B. 14, 1606). 

m-Chloro-nitro-benzene di-sulphonio acid 
0,H2(Cl)(NO2)(SO.,Ii)j [1:3:?:?]. Prepared by 
Bulphonating m-chloro-nitro-benzeno with boil- 
ing HjSOv— A"K, : pearly scales (Allert, B. 14, 
1436). 

chloro-nitro-benzoio acid 

C, H,C1(N02)(C0,H) [‘1:4:1]. [187°]. Formed by 
oxidising chloro-nitro- toluene [65°] by alkaline 
KMnO, (Waohendorff, A» J186, 276 j Lellmann, 

B. 17, 634). 

Ohloro-nitro-benzoio acid 

C, H,C1(N02)(C0,H) [8:2:1]. [137°]. Formed by 
the action of HjSO. and HNO, on the di-chloro- 
benzoio acid [156°]*obtaine(f by direct chlorina- 
tion 01 benzoio acid (Glaus a. Bfloher, B. 20, 
1624). Eithw this or the following acid ought 
to be identiem with the isomeride [236°]. 

GhlorO’Xiitro-benzoio acid 
b,H,Gl(NO-)(CO,H) [3:4:1J. [186°]. Obtained 
by the action of H,SO, and HNO, on the di 
ohloro-bensoio acid [201°] formed by chlorina 
tion of bensoio add (G. a.B.).— BaA'|4aq (B* a. E.) 

0).Chloro-iiitro-benioio acid 

[8;6;1]. [188°]. One of th 
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prodaets of the nitration of ni ohJoro-beaeoio 
Boid (Ulrich, ^.222, 97). 

Sal ts.~BaAV— CaA'j,ai.— PbA',.— 

Ki' 2Aaq. 

Ethyl Bfher EtA'. [282®] (Cnnzo a.Hdbner, 
A. 186, 113). 

Anilide C,H,a(lJ0,)(C01ilPhH): ^^64®]; 
needles. 

ChloTO-nitro-benzoio acid * 

0,H,C1(N0,)C0*H [4:2:1]. [189®]. From 
O0H,Cl(NO,)Me [4:2:1] by oxidation with 
^0, (S.G. 1-1) (Varnholt, J. pr. [2] 36, 30). 
Formed also by saponifying its nitrile with dilute 
£^04. Long needles ; al., sol. cold water and 
08„ m. sol. ohloroferm. , 

Nitrile C,H,C1(N0,)CN. [98®]. From the 
corresponding chloro-nitro-aniline by Sand- 
meyer’s reaction (Claus, J. pr, [2] 37, 197). 
Needles, v, sol. ether and alcohSl, in. sol. cold 
water. 

Chloro-nltro-benzoic acid 
C4H,CI(N0,)C0,H [1:3:6]. [147®]. • From 

C,H,(NH,)(NOj)CO,H, cono, HCir and nitrous 
acid gas (Hiibner, A. 222, 89). Small needles. 
V. sol. alcohol, ether and glacial acetic acid. 

Salts.— BaA'j 4aq.— PbAV 

Chloro-nitro-benzoic acid C4H,01(N0.JC02H 
[2:5:1]. [164®]. S. *361 at 16®. Formed by 

nitration of o-chloro-benzoio acid (Wilkens a. 
Rack. A. 222, 195; cf, Kekul6, A. 117, 153). 
Formed also by the action of PCI, on nitro-o-oxy- 
benzoic acid (Hubner, 2. [2] 2, 614). Long thin 
monoclinio needles (from dilute HCl). V. sol. 
hot water, si. sol. cold water, v. e. sol. alcohol, 
ether and benzene. 

Salts. — NH4A'. — NaA'. — BaA',3aqi — 
SrA'34iaq.— CaA',2aq.— ZnA'a 6^aq.— CdA'2 5aq. 
— PbA'.. 

Ethyl ether EtA'. [29®]. 

Nitrile C,H,C1(N03)CN. [106®]. Formed 
by nitrating the nitrile of o-chloro-bcnzoio acid 
(Henry, B, 2, 493). 

Chloro-nitro-benzoie add CjHjClfNOJCOH 
[4:8:1]. [180®]. Formed by nitration of p-chloro- 
benzoic acid (Reveill, A. 222, 182). Formed also 
by oxidiSing the corresponding chloro-nitro* 
toluene (Hubner, Z, [2] 2, 614). 

S a 1 1 B.— BaA',4 aq.— CaA', 5 \ aq.— MgA', 5aq. 
Ethyl ether Mh!. [S9®]. 

Anilide C,H,Cl(NO,)CO.NPhH. [131®]. 

Nitrile C4H,C1(N0,)CN. [101®]. From 

the corresponding chloro-nitro-aniline by Sand- 
meyer’s reaction with cuprous cyanide (Claus, 
J, pr, [2] 87, 197). Nee(fles, si. sol. cold water. 

Chloro-nitro-benzoic add C4HjCl(N02)C02H 
[8:4:1]. [186®]. FrW the nitrile by saponifica- 
tion with dUute H3SO4 (Claus, J.pr, [2] 37, 200). 
White needles. V. sol. hot water, alcohol, ether, 
chloroform, si. sol. cold water, CS^.— Salts. — 
BaA',2aq. — CaA'2 2aq. — fc^A'i needles (from 
water). 

JV'ifrifs C,H,C1(N03)CN. [8j;®]. From tho 
corresponding chloro-nitro-aniline bv displace- 
ment of NH, by Cy. Colourless needles, sL sol. 
cold, ▼. loL hot, water. *■ 

(a).Cliloro-nitro.benzoie add 
0,H,CljN0J(CO3^ [3:2:1]. [236®]. From w- 
ohloTo-oenzoio acid and fumin^NOi* Separated 
by water from the more soluble (j8)-isomeride 
1187®] (Ulrich, A. 222, 95). Long thin needles, 


' or six-sided tAhhs. 7.. 0 I. Bol. water, f. sol 
ether. 

Salts.— BaA'2 4aq.—CaA', 3aq. 

Anilide 0,H3Cl(N0,)(C0NrhH). [186®], 
Cbloro-di-nitro-beuzoio add® * 

C,H.3C1(N0.3)3C«3H [2:(3or)5:3?:l]. [238®]. By 
nitration ot cP^hloro-benzoio acid (Wilkens a. 
Rack, A. 222, 201). Small colourless needles 
(from petroleum). V. sol. water, alcohol, ethdL, 
or petroleum, si. sol. benzene. • 
Di-chloro-ni4ro-benzoio acid 
C«HUL(N03)(C03H) [4:3:®:!]. pt60®]. Obtained 
by nitration of (4,3,l)-di-chloro-benzoio acid 
[201^], which is formed by direct chlorination of 
benzoic acid (Claus a. 'Biicher, 20, 1621). 

Small needles. Sol. water. ' 
Di-ohloro-nitro-benzoio add 
C,H,Cl,(NOJ(CO,H) [3:2iic:l]. [215®]. Prepared 
by nitrating (3, 2, l)-di-chloro-benzoio acid [166®], 
wiiich is got by chlorinating benzoic acid (Clauf 
a. Biicher, JB. 20, 1621). SI. sol. boiling water. — 
BaA'_, 4aq : lons-shaped aggregates of small 
needles. 

Tri-chloro-nitro-benzoic add 
C„HC1,(N03)(C0,H) [2:4:6:3:1]. [220®]. From 

CJIClaicO^) [2:4:6:1] by nitration (Bcilstein a. 
Kuhlbcrg, A. 152, 239). Small needles (from 
water). V. si. sol. boiling water. -CoA', l|aq. — 
BaA 3 2aq : crystalline powder. 

Tetra-chloro-nitro-benzoic'^cid 
C„C1,(N0JC02H C5:4:3:2:6:1]. ^ Formed by nitra- 
tion of tctra-chloro-benzoio aetd [6:4:3:2:l], by a 
mixture of fuming HNOj and cono. H,S04. 
Silvery plates. Sol. water. By tin and HCl it 
is reduced to tctra-chloro-amido-bonzoio acid. 

Salts.— A'3Ba2Jnq: v. sol. water, small 
colourless needles.— A'^Ca : easily soluble glisten- 
ing plates (Tust, B. 20, 2441). 

CHLORO-NITRO-BEN^IC ALDEHYDE 
C,n,Cl(N0.4)CHO [3:4:1]. [62®]. From [3,4,1]- 
chloro-nitro-toluene by chlorinating and treating 
the resulting C^HsC^NOJ.CILCl with lead hr 
copper nitrate sofution (Landsberg, D. P. J. 262, 
139). White needles (from water). 

Di-chloro-o-nitro-benzoic 'aldehyde 
CJI,C1.3{N0,)CH0. [138®]. Obtained by nitra- 
tion of di-chloro-benzoic aldehyde with a mixture 
of UNO, and H^SO, (Gnehm, B. 17, 753). Pearly 
plates or needles. By treatment with acetone 
and NaOn it yields tetra-ch loro-indigo. 
CHLOEO-NITRO-CAMPHOR v, CAMPnoE. 
a-CHLOSP-p-NITRO-CINNAMIC ACID 
C4H4(N03).CH:CC1.C03H. [224®]. From a-chloro- 
j>-nitro-/3-oxy-/3-phenyl.propionio acid and HCl 
(S.G. 1-.1) at 180® (f^pp, B. 19, 2646). Prisms 
(from alcohol). 

CHLORO-DI-NITRO-OYMENE 
/!,HC1(N03)3(CH,){C,H,) [2:?:?:U4]. ^09*^. Mo- 
noclinic prisms, rropared by nitration of chloro- 
cymeno [214°] (Geriohten, B, 11«1091), 
Chloro-di-nitro-oymene 

C.HC1{N03)3(CH,)(0,H,) [8:?.*M:4]. [101®]. 

From di«nitro-thymol and PCI, (Ladenburg a. 
Engelbrecht, B. 10, 1220). Light ye[low prisms. 

ctf-Di-chloro-nitro-cymene < 
C4H,(CHCy(NOj)(0,H,) [1:3:4]* From nitro- 
ouminio aldehyde 0,H,(CflO)(NO3)(0,H,) and 
pm, (Widmann, B. 16, 167). Oil. 

CHIORO-DI-NITRO-ETHANK CjEjClINO,),? 
A liquid formed when ethylidene chloride is 
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heated in a sealed ^iibe with HNO, at 100® 
(Lauterbaoh, B. 12, 077). 

Tetra - chloro - di - nitre - ethane C2CI^N204. 
Formed By direct union of tetra-chloro-ethylene 
rt^ith notrio percwide (Hooh a. Kolbe, J. pr. [2] 4, 
30). Feathery needles (from ^iloohol) ; insol. 
water. Volatile with steam. Becomposes at 
140®. Alcoholic KOH forma Tpng prisma of 
C,Cl,(^IO,).,(OK). 

• CHLOUCX^TITRO-ETHYL-AUILMIE 
CHH,OlN,0,i.e.CflH,Cl(NO,).NHEt i;6;2:l]. [84*1. 
From chloro-dimitvo-benzene sftid an alcoholic 
solution of ethjd-aniline (Laubenheimer, B. 11, 
1156). Golden needles ; si. sol. cold alcohol, 

DI-CHLORO-NITEO-ETHYL-BENZENE 
C JI,.CHCl.«Hgi.NO,. [30®] ? Formed by the 
union of Cl with C^H.ClLCH.NOj (Priebs, .4. 
22.3, 344). Usually an oil. Volatile with steam. 
Afiueoua NaOPI forma t;4H,.CGl:CH.NO,. 

Di-chloro-nitro-ethyl-benzene C^IL^CljjNO .)Et 
fl:4:a;;2]. [176°]. Formed by boiling di-chloro- 
ethyl-benzene with HNO, and H.^SO, for 50 
hours (Istrati, BL [2] 48, 41). Crystalline plates, 
sol. hot water. Gives a yellowish-white pp. 
with FcjGl,,. 

Di-chloro-tri-nitro-ethyl-benzene 
0,Cl2(N02)iEt. [195®]. Formed at the same 
time as the preceding (Istrati). Groups of 
small crystals; insol. water, v. sol. alcohol. 
Fe^Clj pps. its alcoholic solution. 

Tetra-chloro-nlftro-ethyl-benzene 
C,Cl4(NO,)(C2H,) [1:3:4 :0:2:G], [30®]. Formed 
by passing C^H, into a mixture of Al,Clg and 
CJICl^iNO-j (Istrati, A. Ch. [0] 6,498). Gelatin- 
ous solid, V. sol. ether and CiiCl,. Decomposes 
on distillation, giving tetra-chloro-di-ethyl- 
benzene. 

TRI.CHL0R0-NITR0-ETHYLENE02C1jNO 2(?) 
Formed by adding C.Ol^ to a cooled mixture of 
HjSO, and fuming HNO^ (Iloch, J. pr. [2] 6, 95). 
Pungent yellow oil ; decomposed by water and 
alkalis. Br atPl50® converts it into C^Cl ,Br.,(N02) 
[o» 120°]. Liquid nitric peroxide at 116° forma 
h'athery crystals of an uii^able compound 
CUI,(N02),. 

CHLORO-NITRO-MESITYLENE O^H.oClNO.^ 
t.e. 0,HCl(NO,)Me, [2:4:1:3:5]. [57^]. Formed 
by nitrating chloro-mesitylene (Fittig a. Hooge- 
werff, A. 150, 324 ; Z. [2] 5, 1G8). Pale yellow 
spicular crystals, v. sol. alcohol. 

Chloro-di-nitro-mesitylene* CgCl(N02)2Me,. 
[179°]. The chief product of the action of 
fuming HNO, on chloro-mesitylen^ (F. a. H.). 
Long colourless needles (from alcohol). SI. sol. 
cold alcohol. May be sublimed. 

CHLORO-NITEO-METHANE Oag^NO,). 
(123°). S.G. 1*46G. •Formed by the action 
of chlorine • water on •sodium nitro • methane : 
CHjN^CU + OL-NaOl + OHjOllNO,). Thepre-, 
senoe of dl and the ohloroire nitroxyl (NO,) 
render the hydrogen displaceaBle by sodium: 
hence the li^id dissolves in alkali. 

Chloro-di-nitro-methane CC1H(N02),. 

PotasBinm salt CKCl(NO,), : large yellow 
crystals, soL water, explodes at 145* (Losanitsoh, 
B. 17, 849). • • 

Oi-chloro-di^tro-methane CCl,(NOd,. 
(abofe 100°). 8 . 0 . ^ 1-686 (M.). Formed by 
passing chlorine into an aqueous solution of 
CKCl(NO,), (Losanitsoh, B. 17, 848). 

Pr 4 (parafiofi.— Crude naphthalene tetrachlor- 


ide (200 grroLB.) is treated with turning fTNO, 
(400 c.o.) in a large retort; when the reaction 
is over, the mixture is distilled as long as the 
residue in the retort froths strongly. The distil- 
late is diluted with twice its bulk of water and 
the di-chloro-di-nitro-methane distilled off with 
stoanii; the yield is 4 p.o. of the naphthalene 
tetrachloride (Marignao, A. 88, 16 ; Raschig, B. 

18, 3!i26). 

Properties. — Pungent oil : volatile with 
steam. On reduction with SnCl, it yields 
hydroxylamine, ^ 

Tri-chloro-nitro-metbane CCljINO,). Chloro- 
picrin. Nitro-chlorofonn. Mol. w. 104 (112° 
cor.). S.G. § 1-6920 (Thorpe). C.E. (0°-10°) 
•001106; (0°-100°) -0012256. S. (alcohol of 
80-6 p.c.) -743 (Cossa, G. 2, 181). S.V. 110-49. 
M , 1-4079 (Gladstone, C. J. 23, 101). 

Fo}‘malion.—l. By distilling picric acid and 
other nitro- compounds with bleaching-powder 
(Stonhouse, A. 66, 241 ; P. M. [3] 33, 63 ; Ger- 
hardt a. Gah^rs, Coinpt. chim. 1849, 34, 170).— 
2. By distilling chloral with cono. HNO, (Ke- 
l{ul6, A. lOG, 144). — 3. From chloroform and 
UNO, (Mills, C. J. 24, 641).-4. By distilling 
alcohol with sodio chloride, KNO, and HjSO, 
(Kckul6, 4. 101,212). 

Preparalio7t.~K saturated (at 30°) solution 
of picric acid (Ipt.) is mixed with bleaching 
powder (10 pts.) previously made into paste with 
water, and the mixture distilled (Hofmann, A. 
139, 111). 

Properties. — Pungent liquid. V. si. sol. 
water, v. sol. alcohol and ether. 

RecLctions.—l. May be redwed by iron and 
actstio acid to methylamine (Geisse, A. 109, 282). 
2. Fuming HI at 100’ forms NH„ HCl, and CO, 
(Mills, C. J. 17, 163).-3. NaOEt in absolute 
alcohol gives orthocarboaio ether C(OEt), 
(Bassett, C. J. 17, 198).— 4. KCy and dilute 
alcohol forms chloro - nitro - malonitrile 
C(NO,)ClCy„ an unstable compound which gives 
with aqueous lead acetate app. C(NO,)ClCy23PbO 
and with silver nitrate(C{NOjClCy2),(AgNO,),8t^ 
(Bassett, C.J. 19, 352).— 6. Alcoholic ammonia 
forms guanidine C(NII)(NH,), (Hofmtftin, C. J. 

19, 249). — 6. Alcoholic KOH gives KOI and 
KNO., (S.).— 7. Alcoholic KOAo at 100° gives 
KCl, K,CO„ and KNO,. (Bassett, C. J. 18, 31).— 
8. K,SO, forms CH(NO,)(S03K), (Bathke, A, 
161, 149).— 9. With benzene in presence of 
AljOl, it yields tri-phouyl-carbinol and tri- 
phenyl-methane (Elbs, B. 16, 1274).— 10. With 
phenol and A1,C1, thd" chief product is aurin 
(tvi-oxy-tri-phonyl-carbinol) (E.), — 11. With 
naphthalene and Al,Cl, it ^elds tri-naphthyl- 
carbinol (E.). 

DI-CHLORO - NITRO - TETRA- METHYL -DI- 
AMIDO-TEI-PHENYL-METHANB 
C.,H.„N,CLO, i.«. C,H,(NO,).CH(0,H,01.NMe,),. 
[208°]. • From m - chloro • di - methyl - aniline, 
p-nitro-bensoio aldehyde, ZnCl,, and HOI (Kock, 
B. 20, 1562). ^moD-yellow scales (from ben- 
sene). May be reduced to 0„H„N,CU| [181*]« 

Piorat«C„H„N,0„01,. [189*]. 

CHLORO-NITRO-DI-METHYL-ANILINE 
CJI,Cl(NO,)(NMe,) [4:3:1]. [66*]. Formed to- 
get her with other products by the action of 
nitrous acid upon ji-ohloro-di-methyl anilina 
(Ko«h, B. 20, 2459 ; c/. Heidlberg, B. S0» 149). 
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CHLORO-NI^TRO-NAPHTHALENE. 


CHLOKO-NITBO-KAPHTHALENE 

C„H,01(N02) [1:4]. [85°]. From (a).cliloro- 

naphthalene and cold HNOj (S.G. 1'4). Ex- 
tremely slender, light yellow concentric needles. 
PClj gives (* 0 *)-di-ohloro naphthalene. Tin and 
HCl reduce it to (o)-naphthylamine (Atterberg, 
J3.9,927). 

a *)-Chloro-di-nitro-naphthaIeno 
C, ACl(NO,), [l:4:l^. [106°]. Formed, toSether 
with the foregoing by treating {o)-ohloro-naph- 
ttalene with warm HNOs (S.G. 1-4) (A.; Faust 
Saame, A. 160, 68). Long yello\7 pliable 
needles, v. sol. hot alcohol. PGlg converts it 
Into (8)-tri-ohloro-naphthal^iie. 

(* 3 ’).Chloro-di-intro-naphthalen0 probably 
NO, NO, 

[180°] (A.) ; [176°] (E.). Obtained 


00 - 


by the action of hot faming HNO, on (a)-ohloro* 
naphthalene (Atterberg). Formed by the action 
of HNO, upon chloro-nitro-(a)-f.aphthoic acid, 
[226°] (Ekstrand, B. 18, 2881). Ghstening 
yellow needles (from alcohol). SL sol. boiling 
alcohol. 

(‘ $ M-Di-chloro-nitro-naphthalene 
0„H»C1,(N0,) [1:4:1']. [92°]. From (‘/3’)-di- 
ohloro-naphthalene and HNO, (S.G. 1*45) (Wid- 
mann, Bl. [2] 28, 609). With PCI, it gives (5)-tri. 
chloro-naphthalene. 

Di-ohloro-nitro-naphthalene OjoHjCLfNOa). 
[96°?]. Formed, together with an isomeride 
[142°], by the action of cold cone. HNO3 on (5)- 
di-ohloro-naphthalene (Alen, Bl. [2] 36, 433). 

Oi-ehloro-nitro-naphthalene G,oH, 01,(402). 
[0. 114°]. From («)-di-chloro-naphthalene and 
cold faming HNO, (Al4n, Bl. [2] 36, 436). Yel- 
lowish needles. 

(ti) -Di-chloro-nitro-naphthalene 
0„H,C1,(N0,). [119°]. Formed by adding 

Coming HNO, to a solution of (7)-di-chloro-naph- 
thaleneinHOAo(C16ve,iN.[2] 29,499). Golden- 
yellow needles; m. sol. boiling alcohol. PCI, 
forms (t)-tri-chloro-naphthalene. 

Di-chloro-nitro-naphthalene G , jCl,(N OJ. 
[139°], Formed, together with the isomeride 
[114°1, by treating (•j-di-chloro-naphthalene 
with cold fuming HNO, (Alen, Bl. [2] 36, 435). 
Needles, turning brownish-violet in the air. 

Di-chloro-nitro-naphthalene C,oH4Cl2(NO,). 
[142°]. From (5)-di-chloro-naphthalene and cold 
cono. HNO, (A14n, Bl. [2] 36, 433). Needles, 
taming green in the aixk 

(7)-Di-cliloro-nitro.naphthalene 
C.AcWNOJ. [ht2°]. From (7) -di -chloro- 
naphthalene and cold HNO, (S.G. 1'4) (Atter- 
berg, B. 9, 928), Short sulphur-yellow brittle 
prisms (from HOAo). PCI, gives (5)-tri-chloro- , 
naphthalene. 

(* $ *)-Di-cliloro-di-nitm-naphthalene 
C,«H,Cl2(N0,)r [158°]. Formed by adding 

HNO, (S.G. 1*48) to a solution o4(‘/3 ’)*di-chloro- 
oaphthalene in HOAo (Widmann, Bl. [2] 28, 
610). Long yellow needles : si. soL alcohol. 1 

M-Di-chloro-dl-nitro-naphthaleAe 
C„a4Cl,(NO,)r [246°]. From(7).di-chloro-nitro. ! 
naphthalene [142°] and HNO, mixed with 
HySO, (Atterberg, B. 9, 17|^). Light yellow 
brittle prismatio needles; t. si. sol. all solvents. 
PGl, gives (<) -tetra'Chloro-naphthalene. | 


\ (8).Di-chloro-di-nitro.naphthalene 
I 0„H, CITING.),. [246°].* Formed by adding 
; fuming HNO, to a solution of (8) -di-ohloro- 
naphthalene in HOAo (A16n, Bl. [2] 36, 434). 
Palo yellow prisms, turning green in airr 
(fjl-Di-chlori^-di-nitro-naplithalene 
C„H,Cl2(N02)- [253°]. Formed by acting on 
(«)-di-chloro-nSphthalene dissolved in glacial 
acetic acid with fuming HNO, (A16n, Bl. [2] 3Q, 
436; Claus a. Dehne, B. 16, 320).^ Pale yellow 
needles, turning red in air. PCI, gives (C)*tri- 
ohloro-naphth^ene. Alcoholic EOH forms 
C„H,(0Et)2(N0,)2. 

Di-chloro-tri-nitro-naphthalene 
O,J0,Cl2{NO,),. [178°]. From f a*).di.ohfbro- 
naphthalene, H2SO4, and H^O,e (S.G. 1*48) 
(Widmann, Bl. [2] 28, 505). Brittle yellow 
prisms (from HOAo); si. sol. alcohol, sol. 
chloroform. * 

(f).Di-chloro.tri.nitro-naphthalene 
C„H,CL(N02 )s. [200°]. Formed by boiling (*^ 
di-chloro-naphthalene with fuimng HNO, (A16n, 
Bl. [2] 36, 435). Pale yellow needles. POl, gives 
(i?)-tetra-chloro-naphthalene [160°]. 

Di-chloro-tri-nitro-naphthalene 
C,„H,C].,(N02),. [201°]. Formed by acting on 

(5)-di-chloro-naphthalene with fuming HNO, at 
100° (A16n, Bl. [2] 36, 434). Pale yellow needles, 
turning greenish in the air. 

Tetra-chloro-nitro-naphthalene 
C,oH,Cl4(N02). [156°]. Frdtn (S)-tetra.chloro- 
! naphthalene and cono. HNO, (Atterberg a. Wid- 
1 mann, B. 10, 1841). Large pale-yellow trimetrio 
prisms (from alcohol-toluene). PCI, gives (‘ $ ’)• 
penta-chloro-naphthalene. 

CHL0E0.HITB0-(o).NAPHTH0IC ACID 
NO, CO,H 


04 „H,Cl(NOJ(CO,H) probably 


CO- 


[225°], 


Formed by nitration of ohloro-(o)ihaphthoio acid 
[245°]. Prismatio needles. '' 

Ethyl ether A'Et: [121°]; tables (from 
alcohol) (Ekstrand, B. 18, 2881). 

TEI- CHLOaO.TETEA-NlTRO-DI-(3)-NAPH. 
THYL - ETHANE [258°]. 

From tri - chloro - di - (j3) - naphthyl - ethane 
(C,„H,)2CH.CC1, and HNO, (Grabowski, H? 11, 
298). Crystalline powder, insol. alcohol, ether, 
and HOAo. 

DI.CHLOBO-TETEA.NITBO-Dl.(a).KAPH- 
THYL- ETHYLENE 0«H,p(N02),Cl2. [214°]. 

From di - ohloro - di - (a) - naphthyl - ethylene 
(G,pH,) 2 G:GCl, and faming HNO, (Grabowski, B. 
11.29f). , • 

Di- chloro > totra - ]UtTo-dl-(/3)-naphthyl.ethyl- 
ene C 22 H,o(NO,) 4 Cl- [298°], Formed ly nitra- 
ting di-chlorO'( l»(jS)-naphtbyl-6thylene (G.). 

CHLOEO-NiTBO-o-OXY-BENZOIC ACID 
C.HJCl)(NO,)(OH)CO.H [6:?;2:r|.«[168°]. Pie- 
pared by nitration of m-ohloro-salioylio acid 
(Smith a. Peiroe, B* 18, 84; Am. 1, 176). Short 
needles. 

Salt 8.— A'K ; soluble yellow ^eeSles.— A'^Ba ; 
sparingly soluble orange need^.— A'Ag : insol. 

pp. 

Ethyl ether AEt: [89°]; colourless flat 
needles. 

Ami^$ [199^. 81. sol. IbatM, t. sol. aloohcL 
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» Ohldro4i<nitro-o>oxy.b6nBOle aoid < 

0 gHCl/N 0 j),( 0 H),C 03 H. [78®]. Prom ohloro- 
ialioylio aoid and faming HNO, (Hasse, J9. 10, 
S191). XiOng yellow needles (from water). 

(Kl:2)-DWHLOBO.{B.i:8or4).DI.NITRO. 
{Py. 8)lbXY.(5.«).METHYI.QUDrOLIirE 

%coi:ca 

0, ANAO, <•«. 0,H(CH,)(N0,)^^ ^ 

w Di^hl(m>-di>Mtro-tchu:arho8tyril. [186®]. 
Formed by iIHration of {Py. 1:2:8) -di-ohloro-oxy- 
(B. 2)-methyl-qainoline in oold-^H.^SOi solution 
by means of NfcO,. Long yellow needles with 
greenish reflex (Kiigheimer a. HoiTmann, B. 18, 
2980). 

/8.0HL0B0.o.Nira0.a.0XY-/3.PHENTfL. 
PBOPIONKT AWD 0,H,C1N0, i.e. 
[2:1JO,H,(NO,).CHC1.0H(OH).C02H. [126°]. 

From o-nitro-a-oxy-ciiviamio aoid and fuming 
HCl pCiipp, B. 19, 2649). Needles (from ether- 
ligroln). Alcoholic EOH re-oonverts it into o* 
nitro-o-oxy-cinnamio aoid. 

0.Chloro.p.nftro.a.oxy-)3.phenyl-propionio 
acid [4:l]CgH,(NO,).CnCLCH(OH).CO.,H. [168°]. 
From jp-nitro-a-oxy-cinnamio acid and fuming 
HGl (L.). Small glittering needles ; si. sol. cold 
water. The Ba salt is split up by boiling water 
into OOj, BaClj, and p-nitro-phenyl-acetio alde- 
hyde. Alcohoho KOH gives ^-nitro-a-oxy-cin- 
naraio acid. 

a-Chloro-o-iiitr#-)8-oxy-j8.phenyl-propionlc 
acid [2:l]CgH,(NOj).CH(OH).CHCl.CO,H. [120°]. 
Formed by passing chlorine into a solution of o- 
nitro-cinnamio aoid in dilute aqueous NaOH 
(Baeyer, B. 13, 2261). Crystalline mass (from 
benzene-ligroln). Sol. ether. Converted by NaOH 
and FeSO, into indole. Alcoholic KOH gives 
nitro-0-oxy-cinnamio acid. 

a-Chloro-p-nitro-B-oxy-phenyl-propionio acid 
[4:1]0,H,(NO,),OH(01J).CHC1.CO,H. [165°]. Pro. 
pared in the same way from ^-nitro-cinnamio 
acid (Beilsteiif a. Kuhlberg, A. 168, 142). Tri- 
metric plates (from water). HCl (S.G. !•!) at 
lfK)° gives ohloro-nitro-cinnamfc aoid. NajCO^Aq 
gives, on warming, p-nitro-/3.oxy-cinnaraio acid. 

OHLOBO-o-NITBO-PHENOL C.H^ClNOj t.c. 
CgH,01(N0,)(0H) [8:6:1], Mol. w. 173 i. [89°] 
(L.V [40° and 82^°] (U.). 

wormaticnu—l. By boiling (3,6,l)-ohloro-di- 
nitro-benzene with aqueous NaOH (Lauben- 
heimer, B. 9, 768),— 2. By nitrating ^-ohloro- 
phenol (Uhlemann, B. 11, 1161). 

Properties.— Lemon-yellow needles or prisma 
(from water). 

Salts.— C,H,Cl(NO,)(ONa) : scarlet prisms, 
m. sol. cold water.— BaA', aa : slender <«carlet 
needles.— Ag A'. • * 

Jlfeifcyle<fcef04H!Cl(N0a)(0Me). [70*6°]. 
Needles; ‘ # 

Ohloro-o-nitro-phenol 0,H,GUN0,)(0H) 
[6;2:1]. (70J]. • Formed, togothffl with the iso- 
meride [111^, by treating o-ohloro-phenol with 
nitric aoid (S.G. 1'86) dilated wiin an equal 
weight of water (Faust a. Mflller, A. 178, 80y. 
Flat yellow teedles (fron^chloroform). Volatile 
with steam* fiNO. gives ohloro-di-nitro-phenol 
[111°]. a 

Salt!.— ‘ dark-red 
neadlai, V. lol. ^ter,— OaA', aq J reddish-brown 
prisms, m. loh^tfr^BaA^ ^ od^- 
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brown platea, si. sol. water, ^AgA': oamvine-red 
scales, si. sol. water. 

Chloro-o-nitro-phenol OAOhNOAiOH) 
[4:2:1]. [87°]. 

Formation.—!. The sole product of the aetion 
of dilute HNO, on p-ohloro-phenol (Faust, B. 6, 
132 ; A. 178, 317 ; Suppl. 7, 190 ; Z. [2] 8. 460). 
2. By Chlorination of o-nitro-phenol (Armstrong 

а. Pravost,B. 7, 922).— 8. One of the products of 

the action of alcoholic EOH on (4,2,1) -chloro-di- 
nitro-benzene (Laubenheimer, J5. 7, 1601). * 

Properties.— Light yellow monoclinic prisms 
^rom CHCl,). Y. si. sol. water, m. sol. (UcohoH 
Volatile with steam. Br and water at 100° ^ve 
ohloro-bromo-nitro-phenol [125°] (Ling, C, J. 61, 
786). But Br in HOAo gives an isomeric ohloro- 
bromo-nitro-phenol [120°]. 

Salt8.~C,H,Cl(N0,)(0NH,) : orange-red 

needles.— N a A'^ : r^ prisms.— BaA', 4aq : ' 
short red prisms.— AgA'. 

Bt Apf e<AerO«H,Cl(NO,)(OEt). [62°]. Prom 
AgA' and EtL Formed also by nitrating the 
ethyl ether oLp-chloro-phenol (Hallook, Am. 2, 
268; B. 14, 37). 

Chloro-p-nitro-phenol C,H,Cl(NOJ(OH) 
[2:4:1]. [111°]. 

Formation. — 1. By chlorinating p-nitro-phe- 
nol (Armstrong, G. /. 25, 13 ; Faust a. Mflller, 
A. 173, 309 ; KoUrepp, A. 234, 4). -2. Together 
with the isomeride [70°], by treating o-ohloro- 
phenol with dilute HNO, (F. a. M.).— 3. From 
chloro-di-nitro-phenol [111°] by reduction to 
ohloro-nitro-araido-phenol followed by displace- 
ment of NH, by Cl through the diazo- reaction 
(Faust, Z. 1871, 339). 

Properties.— White silky needles, m. sol. boll- 
ingowater, v. sol. alcohol, ether, and ohlorofomu 
Very slightly volatile with steam. HNO, con- 
verts it into ohloro-di-nitro-phenol [111°]. 

Salts.— C«H,Cl(NO,)(OK)aq: brown needles, 
V. sol. water.— CaA', 4aq : tufts of canary-yellow 
needles, v. sol. water.— BaA', 7aq : long dark- 
yellow needles. — AgA'; copper-brown flattened 
needles, si. sol. water. 

Methyl ether CgH,Cl(NO,)(OMc). From 
the methyl ether of nitro-o-amido-pbenol by dis- 
placement of NHL by Cl. Needles. ^ 

Ethyl ether 0,H.01(NO,)(OEt). ChUmh 
nitro-ph^tol. [78°]. Formed by chlorinating the 
ethyl ether of p-nitrd-phenol by HCl and.KOlOi 
(Hallock, B. 14, 37 ; Am. 3, 21). 

Chloro-nitro-phenol. Methyl ether 
0,H,Cl(NO,)(OMo) [2:*;!]. Chloro^nitro-anisol 
[94°]. Prepared by nitration of the methyl ether 
of o-ohloro-phenol (Fisoflli, B. 11, 1461). Colour- 
less spikes. . , 

Chloro-di-nitro-phenol ^ OACl(N(W,(OH) 
[4:2:6;!]. [81°]. 

Formation. — 1. From p-ohloro-phenol and 
HNO, (S.G. 1-4) (Dubois, Z. 1867, 206).-2. By 
nitration of p-ohlcp-phenol solphonio acid 
(PeterseD a. Pmdori, A. 157, 166).— 3. By nitra* 
ting ohloro-nitro-phenol [87°] (Faust a. SaanM). — 
4. From di-ohlbro-di-nitro-bensene [104°] and 
boiling aqueous NaOH (Engelhardt a. Lai- 
sohinoff, xt* 1870, 234 ; Kflmer, 0, 4 , 896). — 

б. By chlorinating (' 3 ’)-di-nitro-phenol (^^inDai- 
strong, B. 6, 649).— 6. In small quantity4o^4i^ 
wi^ the isomeride [111°], by the aolnon of 101 
on tri-nltro-pheno^(piorio aoi^ (Petersen, B. 6, 
869 ; Armstrong, loo. ei4<-7. By boUing 

H 



di-nitro^Uine with wrteow KOH (Kdr- aoid (Schmitt a. Olati, B. 2, ohM* 
By dissolving ohloro^-oky-benzoio acid nating ohlorQ*nitro-phen<)l4;87^ (Faust a. Saaxni) 
in fuming HNO, (Smith a. FeiroCt A. PK S. 17, A. Supj^l. 7, 195). -4. From o-chloro-phenol I17 
707 ; Am. 1, 176 ; B. 18, 86). successive nitration and chlorination (A.).-— 

PropertiM.— Fellow monoolinic prisms (from 6. By chlorinating ohloro-nitro*phenol shlphonic 
chlorofonn). SI. sol. hot water, v. sol. acid (A.).— 6. From di-ohloro-o-ny'bonzote acid 
alcohol. Oombines with auiline, forming by dissolving iniEiOAo and treating with HNO, 
G,H,01K,0,NH,C,H, [187®] (B. a. P.) ; drcom- (Smith a. Kner^m. 8, 96). 
pocM by boiling water. ^ JFVt^ftas.-^ellow laminsa (from alcohol). 

Salta.— 0,]^C1(N0J,(0K): long red neWlea SI. sol. water, forming a deep yellow solutio^ 
with green lustre; v. sol. h^, r. si. sol. cold V. sol. alcohol and ether. Volatile^th steam, 
water.— KHfA^ deep orange ne(^es.-'NaA'8aq: Explodes when heated suddenly. HNO, forma 
libarlet moss-like forms.— BaA', aq : pale, saffron- ohloro-di-nitro-p1ienol [81°]. Brqmine and water 
yellow ueedlea, V. si. sol. hot water.— GuA'3 2aq: at 100° form chloro-tri-bromo-quinone (Ling, 
eaffron-yellow needles.— PbA/aSq: yellow needles. C. /. 51, 781). 

A^': rednSedles. ’ Salta. — G,H,Gl,jNO,)(ONH4) : orange 

Methyl ether G^ClfNC.,) (OMe): [65°]. needles; may be sublimed.— l^aA'; nodular 
Ethyl ether 0,B[,Gl(N0,),ioEt) ; [65°]. groups of orange-red needles.— KA' : needles of 
Ohloro-di-nitro-phenol 0^G1(N02),(0H). the colour of CrO,.— EA' aq (Faust, A. 173, 317). 
[W®]. Formed, together with Ae preceding, BaA'j2aq: orange needles, v. si. sol. water.— 
with which it is perhaps identical, by nitrating MgA', 2aq.— PbA'(OH).— ZnA', 2aq. 
ehloro-(M>xy-benzoio acid (Smith a. Peirce, Ethyl ether G,H,Gl,(NOJ(OEt). [29®]r 
A. PA. B. 17, 707). Solidifies at, 25°, whereas Pearly prisms. ^ 

thepreceding8olidifie8at69°.—KA ID aq: orange Acetyl derivative 0,H3Cl,(NOJ(OAo). 

nee^es, much more soluble in water than the K [77°]. From NaA' and AcOl. 
salt of the preceding.— AgA' : bronzed needles. Di -chloro - nitre -phenol G,H,Cl,(NO,)(OHl 

Ohkro4i-nitro-phenol 0,H2G1(NO,),(OH) [6:2:4:!]. [125°]. 
n:4:6:l]. [111°] (F. a. S.) ; [96°] (Zehenter, M. Formation. — 1. By chlorinating jp-nitro- 
0,627). 8. *052 at 10°. phenol (Seifart, A. Suppl. 7, 198; KoUrepp, A. 

Formation. — 1. Prom o-chloro-phenol and 234, 8). — 2. By nitrating di-chloro-phenol sul- 
ooae. HNO, (Giless, A. 109, 286; Armstrong, phonic acid (Armstrong, 0. Ji,24, 1112; Faust, 
a/. 26.96; Faust a. Mfiller, A. 173, 312).- ^.1871,838). ® 0 ' 

2. From^ 0- or j)-nitro-phenol .by successive Properiiee. — Slightly yellowish prisms or 
dbdorinatioD and nitration (Faust a. Saame, A. tables (from ether), or colourless needles (from 
Suml. 7, 196; Seifart, A, Suppl. 7, 198). — chloroform). V. si. sol. hot water; not volatile 
8. The chief product of the action of ICl on ^th steam. Gonverted by heat into di-ohloro- 
picric add (Petersen, B. 6, 368).— 4. By cbl^ri- quinone, NO, and N (Armstrong a. Brown, B. 7, 
nating di-nitro-phenol [114°] (Amstrong, C. J. 926). HNO, (8.G. 1-46) forms chloro-di-nitro- 
26, 12 ; Faust, Z. 1871, 339).— 6. By nitrating phenol [111°]. Bromine and water at 100° form 
, (8,4,l)-«hloro-nitro-phenol (Armstrong ; F. a. M.). di-chloro-di-bromo-quinone (Ling, 0. /. 61, 786). 
6. Bt nitrating (2,6,1) -chloro-nitro-phenol (F. Salt8.-C,H20l2(NO,)(ONH4) aq : shining 

a.M.)«— 7. From di-nitro-amidp-phenol (picramio yellow needles, becoming anhydrous and colour- 
add), hf displacing NH, by 01 through the diazo- fegg over — NaA' 6aq : yellhw needles. — 

reaotion (F .).— 8. By the action of HNO, on di- KA'aq : orange needles.— BaA', S^aq : red needles 
chloro-phenol p-Bulphonic acid (Armstrong, 0. J. (Ling, 0. J. 61, 786).— BaA', 4aq (8.) : brown- 
24, 1112h— 9. From di-chloro-p-nitro-phenol and fgj laminas or red needles. — BaA', 8aq : yellow 
HNO, (L).-IO. By nitrating o-chloro-phenol needles (F. a. M. ; A. 178, 811).-CaA',9aq: 
fd^lumio acid (Armstrong a. Prevost, B. 7,406). golden needles or laminie, v. sol. water. — 

. ph>p«1<«.~ydlowish lamina (from alcohol) CdA',8Daq. — PbA',4Daq. — CuA', 6aq. — 
or irregular six-sided tablM (from CHOI,). 81. MgA,10aq: rosettes of yellow needles.— AgA'; 
•oL hot water, m» sol. alcohol and ether. Tastes odourless needles. 

Ethyl ether 0,H,01,(NO,)(OEt) [86°]. 
Pl-chloro.nitro-phenol 0,H,Gl,(NO,)(OH). 
Formed in dnall quantity by nitrating di-chloro- 
phenol with ClSOjH (Armstrong, Z. 1871, 679). 
Short |ellow needles (from water). 
Tri-ohloro-nitro*-phenol 

]ik«ii6edle8.-Ag&'a9. 0,HGl,(NO,)(OH) [6;4:2t3:l]. [69°]. Obtained 

01iloio-di4itX9*pMMl ihy saponifying its nitro-benzoyl derivatives, 

[70°]. From dl-«hUiM^-ili^benzene and which are obtained by nitrating *%enzoyl-tri- 
aqueoua NaOH (Eofslham •. Latscljhioff, Z, chloro-phenol paccomo, B. 18, ^164). Gusten- 
1870, 284 { EOensr, V. 29Q* Long needles.— ing colourless needles. V. sol. albohol, ether, 
BaA'.Saq: yellow neeuiM. « and benzene, sL sol. water. Fe,Cll, gives a 

CgB[A(NO,)(OH) violet-blue colouration. 

[2:4:6:11. [122^ , Salta.— A'NH, ; small yello^ needles.— 

L By sitialing di-enloro-nhenol A'E aq.— A'Ag : small fallow neecSea.— A'^a aq 
[48°] Sfipl 7, 186 ; Chandefon, B. yellow plates. ^ 

16 , 17 ra) or ita solphonie acid (Armstrong, C. o-Nttro-heneoyl derivative 

24, 1119 ; 26« 98).— 2. Bj pegaing chlorine into C,HC1,(N0,).0C0.C^H4(N04 : [106° cor.] ; eol 

an aqueoaiaotawo<o*n^^pl^^<^P'anlphanio onrlesa glistening scales ; s^ aloohol ana ethei 


Salts.— 0,H^(NOA,(OK)a(|: short slender 
ftUowneedlea.— NaA' ifaq: short yellow needles. 

W-NH^A'aq (F.a. S.). 
-BaA; a. sX-BaA', lOaq (F. a. M.).- 
G4A',7a4: gouio aBeaies.-HgA',7aq.— 

MgA;lO^.— CaA'|8sq: greenish-ydlow hair- 



M^JfOfO'btntoyl derivative 
M01,(N0J.0C0.Q,H,(N0j: [iiSOoor.); largo 
eolooTlesi tables; loLtloobol 


cnoceiiNnrBO-fHT^^ aod. 


- From tri-ohloro- 
>4 an^HNO, (Faast, A. 


i e&er, insoL 

water. # 

JBiihyl eiherm [64^ 
pheoltol and cold l^SO.ai 
149, 162). 

«gH01,{NO,)(OH) 
[2 j 8:6:4;1]. [146®]. From tri^hloro-pienol 64°1 
^and HNO» White needles. Beduoes to tri> 
ohloro.j»-a®ido.phonol (Lampert, J. pr. [2] 88. 
882). r X' IJ ♦ 

^hyl efh$r 04H01,(N0,)(0Et). [69®]. 

Tri.oiiloro.di.nltro.phenol. Ethyl tDur 
^•Cl,(N0^3(0Et). [100®]. From tri-chloro- 
phenetol and warm HNO, mixed with H,SO, 
(Faust, .4.*149, 162). ' 

CHLOKO.NITEO.PHEHOL 8ULPH0KIC ACID 
OAOI{NO3)(OH)(S0bH) [2:6:1:4]. Prom di- 
obloro'phenol sulphonio acid and cold HNO. 

^ (Armrtrong, 0. J. 24, 1117). Formed also by 
nitrating O'Chloro-phenoI sulphonio acid (Arm- 
strong a. Pr^frost, B. 7, 404). An isomerio 
aoid ia formed by chlorinating nitro-phenol 
sulphonio acid (Armstrong a. Brown, 0. J. 25, 
872). HNO, converts it into chloro-di-nitro- 
phenol [111®]. Chlorine forms di-chloro-nitro- 
phenol [121®]. 

Salt 8. — CgH-ClN SOgK, : orange-red six-sided 
plates, V. e. sol. hot water.— 0,H,01NSO.K iaq : 
yeUow needles. $ 

DI-CHLORO-DI-ITITKO-DIPHENYL 
0,H,(NO,)C1.0,H,(N03)C1. [140®]. Prepared 

by the nitration of di-ohloro-diphenyl. [4:1] 
C,H4C1.0,HgCl [1:4] (Sohraidt a. Schultz, B. 12, 
494). Small needles or long prisms. SL sol. 
cold, ▼. soL hot, alcohol, and 0,H,. 

GHLOBO-KITBO.DI-PHENTL.A]CIirB 
C.A01N,0, t.s. CgH,.NH,0,H,01(N03). [109®]. 
Slowly formed, together wito benzene-azo- 
uiline (amido - azo - benzene) by mixing 
(l,8,4)-ohloiw-di-nitro-benzene [89®] (Imol.) with 
aniline (8 mols.) (Laubenheimer, B. 9, 771). 
X^g red needles (from aloohdl). Does not com- 
bme with acids. 

JITstroiamins 0,H,.N(N0).O,H,01(NO,). 
[Ul®]. TeUow, six-sided liu^fe, m. sol. cold 


CKIiOBO - DI - KITBO Ol-PKENTL-AHINE. 
o-OABBOXYUO ACID 


C^(NO,),01.NH.0gH,.0O,H [21 

mixing aicohoUo solutions of di 

benzene 0 ,H 301 ,(N 0 ,),[ 1 : 4 : 9 : 6 ] ai\i anthranilic 


1. Formed by 
loro-di-nitro- 


^d 0,H4(NgjS6,^U] and adding NH, (Jour' 
dan, B, 18, 1464). Cwstening red prisms. Sol. 
not alcohdl and acetic ad^ insoL wat^. 

0hloro-di<altro-di«ph«ayl-ainin4-o^arbozylio 

aoid rhtfn(NO ^ ^ mono 'L - 1 

Obtauad ^ Om.., 
di-nitro-beniena 

amido-benipia acid 0^ 

^ (Jourdan, k 18, l&b).*p£6 orange 
neciUts. V, sL soLoold alcohol and acetic acid, 
ins^ water, btnscQc, and lignin. A',Cla : sL sol. 
water. ^ 

J^CBftU-Sl.VlTBO.SI.FEBllTI. 




^l-butaac an< 




Vinm tri-ohloro'i- 
HNO, (Hepp, B. 7, 


OHLDEO-Bmo.PHSinrUaW.DlAJItOTI 

SA«(Np.)(NH3)3[l:4:8:6]. [192®.!^. sSm 
0,H,C1,(N0«)[1:8:6:2] and alcoholic Ntt at 200® 
for several days (Beilstein a. Eurbatoff, A, 192 
288). Red needles. V. sol. alcohol, soL dilute 
(60 per cent.) acetic aoid or benzene, sL sol lieht 
petroleum. ^ 

BI-OHLOBO.HITEO-PHENTI.ETHAKE v. 
Di-ohlobo-ottbo-xthxl-bemzxnx. 

Penta-ohloro-di-nitro-di-pheayl-etliane 
0,gH,01,N,04 U 001,.CH(0,H,C1.N0J,. [148®]. 
^om CC1 ,jCH( 0,H4C1)3 and fuming HNO, 
(Zeidler, B. 7, 1181). Needles (from alcohoDT 
CHlOBO-NITRO-PHENYl' KEECAPTAIT 
CgH,GlNSO,i.e. O,lici(Nq2)(SHU8:6:l]. [171®], 
From (3,6,H-ohlorcf-di-nitrfr-benzene and alcoho- 
lic KSH (Beilstein a. Kurbatoflf, A, 197, 82). 
Yellow needles, v. sol. chloroform, t. ^ sol alco- 
hol. • 

Chloro-nitro-phenyl mercaptan 
aH,Cl(N03)(SH) [4:2:1]. [218®]. From(l,4.«. 
di-chloro-nitro-benzene and alcoholic KSH (Beil- 
stein a. Kuibatofif, A. 197, 79). Yellow tables 
(from HOAo).^ SI. sol. alcohol. Alcoholio am- 
monium sulphide converts it into 0,,H,01,N S 
(147®], which crystallises in yellow ne^es, and 
u converted by HNO, into C»H,01N,8 [104®]. 

CHLOBO-NITBO-PHENYL-m-PHEOTLEHE- 
DIAMIHB NHrO.H,.NH.O.H.Cl(NO,). nsi"]. 
Red needles. 81. sol. cold alcohol Prepared by 
wanmng an alcoholio solution of ta-phenylene- 
diamine and (1,8,4) • ohloro - di • nitro - benzene. 
Forms with acids unstable yellow salts (Lanbea- 
heimer, B. 11, 1168). 

(Pp. 4:l:2)-CHl6EO-!riTRO-PHEHYI,.ISO. 

«iiinroinjBc,A(3io,N,u 

(156®]. Formed by heating nitnH>zy-phenyl- 
isoquinoline (nitro - iso - benzal - phUialimidine) 
with Pool, (Gabriel, B. 19, 834). Small yellow 
needles or prisms. V. sol hot acetic aoid, benz- 
ene, chloroform, ether, and 08,; si. sol alcohol 
v. si. sol. ligroln. By HI and r it is r^uced to 
amido-phenyl-isoaninoUne. Heated with alco- 
holic sodium ethylate it yields theethvl.ether of 
nitro-oxy-phenyl-isoquinoline. * 

DI-OHLOBO - DI - NITRO -DI-PEBBTL-BTrL. 
PHIDB (0,H,0lNO,j,8. [160®]. YeUow needles. 
Almost insol. alooUbl si sol. acetio aoid. Pre- 
pared by the action of alcoholic K,S on (1, 4, 6)- 
di-chloro-nitro- benzene (Beilstein a. Kurbatow. 

B, 11, 2066; i. 197, 79). 

CHLORO-NITBO-PHENYL-n-TOLYL-AinNE 
0,H,Me.Na0,H,01(N<5,). [lU^ SmaU red 
needles. SI sol cold ucm^oI mpared by the 
action of a cold alcoholic Ibloticii of p^tolmdine 
on (1, 8, 4)-chloro-^.nitiD-bensene (Laubenhei- 
mer, B. 11, 1167). 

DI.CHL0B04}l.NITB0.DI-PEXirYL.irBSA 
0„H,01^.0, U. GP(NH.OACn-NOJ,. piO®J 
From di-ciiloro-di-phenyl-guanidina and HNO, 
(Losanit8oh,Bl[2[82,170). Fallow taUas, in 
sol water, si kol. aloobol 

OELOBO-NirBO-PHTHALIO ACID 

d&loro-upbth&ie 

10, 647).~K^" : crystals) ex]^es abon 80Q® 
Di.ohloro.aitio.]^thalle add. Vrm fO«iii 

08 



100 


CaLOIU>^BOrPHTJBUlI^ AulD, 




, 0 .. 
HNO, 


1M<ehloro>Bitro.plithalie Mid 
Prom (* a *)4ri><dUoro*ii4phtli«Jen6 
(Atterb^a. 'Widmann, B. 10, 1844). 

])X.C]^BO-DI.NITEO.PROPijrX 

From di-ohloro-propylene 
ioro'bntjrio aldehyde) and fuming 
ilNO, (Pinner, A. 179, 49). Oil ; converted by 
tin and HCa Into C,H»C1, (1 9«), 
and tri-chloro-nitro-propane 

Tii.ohloTO-]iitro.propant C,H4C1,(K0J. (e. 

193^. Formed as above. 

« ])I.OHIORO.K1TEO-PBOPYL£NS 
CAC1,(N0J. (0.169°). Formed by the action 
of aqneous NaOH upon di-chloro-di-nitro-pro- 
pane and np^ tri’^oro<nitio*propane (Pinner, 
A. 179, 67). 

CH10R0.irrrE0.QUIK0LINE C8H,CI(N0^N 
ri90‘*-128°]. Formed, together with the isomer- 
ide [186°], by nitration of (B. t or 8)-ohloro- 
quinoline (La Ck>8te a. Bodewig, B. 17, 927). 
V. sol. hot alcohol, si. sol. water. 

Chl|p.nitro-quinoliueC,H,Cl(NO,)N. [186°]. 
Formed; together with the preced^g, by nitra- 
tion of (B. 1 or 8)-ohloro-quinolinc (La Goste a. 
Bodewig, B» 17, 927). Long colourless needles. 
SL sol. alcohol 

CEIOBOJnTBO-QTTINOKE Anilide 
0jaCl(NOJ(NHPh)0, [6 or 2:3:2 or 6:4:1]. [208°]. 
Small red trmetrie tables. Formed by the action 
of aniline in alcoholic solution upon di-chloro- 
nltro-q^one 0^Cl,(N0,)0,[6:2:8;4:l](Guares- 
ohi a* Daccomo, B. 18, 1172). j 

IM . ehlcro . nitro - quinone 0,HC1.^(NOJO, 
[6:2:8:4:1]. [220°]. Formed by the action of a 
mixtii^ of £Qi[0, and H^SO, upon the propionyl 
derivative of tri-chloro-phenol (Guareschi a. 
Daooomo, B. 18, 1171). Small yellow needles. 
Sol. cold alcohol, si. sol ether and CS^, v. si. sol 
hot water. 

OHLOBO-ISO-NITEOSOACETIC ETHEB 
N(OH):CCILCX)gEt(?). Chloro - oximido - acetic 
ether, [80°]. From chloro-aoeto-acetio ether 
(t>. Allihn, B, 11, 667) and fuming HNO, (Prop- 
per, A, 222, 60). Glittering columns (from 
ether). V. c. sol alcohol and ether. Boiling 
water cjj^ts it up into hydroxylamine, oxalic 
add, and alcohol 

CHLOBO-ISO-NITBOSOAGETOKE 
GHrOO.CCl(NOH). Mon 2 ’Cecim of m-chlcro' 
pffrtwic cMehydet [110°]. Formed in small 
quantity by treating ohloro-aoetone with fuming 
HNO, {Gluts, Z, 1870. 629; Barbaglia, B. 6, 
821). Formed also by heating the product of 
the action of nitrous |cid gas upon acetone 
((CH,),C(ONOJ.C(NOH).CO.CH,(?)), with dilute 
HGl ; acetone and ]^0, are formed at the same 
time (Saadmeyer,B. 20, 640). Prisms or tables ; 

?. sol water, alcohol, and etner. 

Oxim CH,.0(N0H).C01(N0H). Di-oximof 
thchloro-pyruvie eUdehjfdt* OMoro-methyl-gly- 
oxim, [171°]. whi^ needles. 

«.mO)EU)^Nn!B0.8TTBSHS 0^61X0,4.8. 
0J34(N0J.C(^CH,. NUrQ-phonyl<Mofo>ethyU 
one. From o*nitro< acetophenone and PCI 
(OeTek6bt,X221,829}. (A, 

0,H,(N0,).CG1:CH, 
(^°]. Fran iMiitto-acetopbenoae and PCI, 
(Drewioii, A, 212, 162). Conoentrie groups of 
•lendtf naedlM (from bensoUna). 

Fkom PhOH(LOHCLN(^ and aqaaonf 


NaOH (Priebs, A. 225, 845). Golden nbtei 
(from light Mtroleum). insol water, folubli, 
when finely divided, in alkalis. 

«-Chloro-o-nltro-ityreneO,H,(KO^.CH:OHOl 
[69°j. Formed as a by-produot in the pre- 
paration of ohlmo-o-nitro-oxy-pBenyl-p^ionie 
acid by the actron of hypoohlorous acid on o- 
nitro-einnamio ceid (Lipp, B, 17, 1070). Glisten- 
ing needles or prisms. V. sol ether and hot 
alcohol, si sol hot water, insol. cold water. c 
TEI-CHLOBO-NITEO-THIOPHEffE 
C.SCKNO,;). [?6°] Formed by nitration of 
tri-chloro-tniophene. Reddishetellow felted 
needles. V. sol. benzene and ether, less in al- 
cohol (Rosenberg, B. 12, 652). 

CHLORO-NITRO-TOLUENE 
C,H,(CH,)C1(N0J [1:4:3] : [9°]. • (2U0° L V.). 
S.G. II 1-297. 

Formation,—!, Together with the (1:2:4)- 
isomeride by nitration of p-chloro-toluene (10 
pts.) with a cold mixture of cone. HNO, (12pts.) 
and cone. H^SO, (17 pts.) (Engelbrecht, B. 7,^ 
797 ; Goldschmidt a. H6nig).— 28 From m-nitro- 
p-toluidine C,Hj(CH,)(NO,)(NHJ [1:8:4] by the 
action of Cu^Cl, upon the diazo- compound (Gat- 
tennann a. Kaiser, B, 18, 2699). 

lieaction.~On reduction it gives p-ohloro-w- 
toluidine [28°j (Goldschmidt a. H6aig, B, 19, 
2438). 

(a) •Chloro-nitro-toluene C,H,(CH,)C1(N0-^) 
[l:2:x]. (250°). Oil Form^ by nitration of 
o-chloro-toluene. On reduction it gives a chloro- 
toluidine [83°j (Goldschmidt a. Hdnig, B. 19, 
2443; cf. Wroblewsky, A, 168, 200). 

Chloro.nitro-tolueneC6H,(OH,)01(NO,)[l:4;23. 
[38°j. (240° at 718 mm.). 

Forniation,—!. Together with the [1:3:4] 
isomeride, by nitration of p-chloro-toluene (10 
pts.) with a cold mixture o' cono. HNO, (12 pts.) 
and cone. H^SO. (17 pts.) (Engelbrecht, B. 7, 
797 ; GoldscWidt a. H6mg, B, 19, 2438).- 2. 
From o-nitro-p-toluidine by the ao^on of Ca,01, 
upon the diazo- compound (Beilstoin a. Kuhlb^, 

A. 158, 836). . ^ 

Prqpertte5.— Needles ; si sol cold alcohol, 

volatile with steam. On reduction it gives 
chloro-o-toluidine [22°] (Goldschmidt a. H6mg, 

B. 19, 2438). 

Chloro-nitro'toluene C,H,Me01(N0,) [1:2:6] 
[44^]. (248°) at 711 mm. Obtained by the 

action of Gu,Gi,upon diazotisednitro-o-toluidine 

C. H,Me(NH,)(NO,) [1:2:6]. Needles (from ether) 
(Goldschmidt a. H6nig, B. 20, 199). 

Chloro.nitro.tolueneG,H,(CH,)Cl(NO,) [1:8:6]. 
[55°]. Formed from m-nitro-w-toluidine 
C,H,Me(NOi,)NH 2 [1:8:5] by the action of cuprous 
cUoridf up^n the •diazo- comj^und. Fellow 
needles (from tJoohol). Volatile with steam 
(H5mg.B.20,2419). * ^ 

' Chloroonitro>t 9 laene 0«H,(Cl^)(dlJ(NO,) 
[1:2:4]. [66^°]^ Formed by the action of PCI, 
on p nitro-toluene (Lellmai^ B. XI t 534 ; cf, 
Wachendorff, A, 186, 273). Colourless omtau. 
V. sol alcohol Volatile with steam. On re- 
duction it gives ohloro-p-toluidine [26°1 (238°). 

Chloro^Unitro-tolvns OA(a&,)01(NO,) 
[1:4:3:61. [48°]. Formed by nitr * 
nitro-toluene O,^(0H.)Cl(NO^ 
white needles (Hfinig, B, 20, 2424 
Chloro-di'iiitro-tolneAS C^F 
[l:a?;67;4]. [76°}. BmaU y^'i 
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1:4:8]. 
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Ather). Formed by nitration of p>ohloro*toluene 
with fuming HNO, (GoldBobmidt a. Honig, B. 
19,248dV 

Ohloro-di-DlUro-tolnexie 0 «H 2 (GH,) 01 (K 02 )| 
[1:4:2.^. Formed by nitration of 

Mhloro^*nitro-tolneneO,H,(03>,)(NO,)Cl[l;2:4J. 
Long white needles (HOnig, B. 2420). 

Oi'oliloro-nitro-tolttene 0,E,(0H,)01,(N 0,). 
^14®]. (274®). 8.0.ill'465. From di-^loro- 
toluene andlhiming HKO, (Wroblewslcyi A. 168, 
212). Oil. ^ 

(/3) -Di-oblor#>nitro<toliiene 
C;B[,,(CH,)C1, (NO,) [1:2:4:?]. [63®]. Formed by 
the action of cono. HNO, on (oj-diohlorotoluene 
(Seelig, A, 237, 163). Long needles (from methyl 
alcohol). • • 

(o)-l)l-ohloro-di-iiltro-toluene 
C.H(CH,)C1,(N0,), [1:2^:8:?:?]. [122®]. Formed 
by the action of HNO, (2 pta.) and Il^SO^ 
(1 pt.) on (o)-di-ohloro-toluen 0 (10 pta.) (Seelig, 
*k. 237, 163). Needles (from methyl alcohol). 
Yields on rednttion a diamine which is appa- 
rently meta. 

(fi) -Di'Chloro-di-nitro-tolnene 
C,H(CH,)C4(NO,),[l:2;4:5:6]. [102®]. Formed 
by the action of a mixture of HNO, (2 pta.) and 
^SO, (1 pt.) on (8)-chloro-toluene (10 pts.) 
(Seelig, A. 237, 163). Neodlea. 

(a).Tri.ohloro*nitro -toluene 
C^(CH,)Cl,(NO,L [92®]. S. (alcohol) 4*5 at 
20® (Schultz, il. 187,277). Formed by dissolving 
(a)-trichlorotolaene in cono. HNO, (Seelig, A. 
237, 189 ; B, 18, 422 ; Beilstein a. Kuhiberg, A. 
162, 240). Oolourlesa plates (from alcohol). 

(/9)-Tri-chloro'.nitro-toluene 
C,H(CH,)C1,(N0,). [60®]. Formed by dissolving 
(/3)-trichlorotoluene in cono. UNO, (Seelig, A. 
237, 14^. Long yellow needles. 

(a-) Trl-ohloro-di-nitro-toluene 
C,(CH,)C1,(N0,),. [227°]. Formed by warming 
(a).trichlorotQlueue with a mixture of cone. 
HNO, and H,SO, (Schultz, A. 187, 280 ; Seelig, 
i^237,140; H. 18, 422). White jilatea or needloa; 

T. si. sol. alcohol. Reduced by tin and HCl to 
tri-ohbro-tolylene-;)-diamine. 

(jB-) Tri-chloro-di-nitro-toluene 
0,(0^)C1,(N0,),. [141®]. Formed by warming 
(/3)-triohlorotoluen6 with a mixture of cono. 
HNO, and H,SO, (Seelig, A. 237, 140; B. 18, 
422). Light yellow needles, si. sol. alcohol. 
Alcoholic NH, at 100® gives tri-ohloro-nitro- 
tdaidine [191°]. 

CHLORO . NITBO . TOLFENR 8TTLPH0NIC 
AOU) 0,H,01NS0, w. 0,H,(0H,)C1(N0,)(S0,H). 
From liquid fa)*ohloro-nitro-tolueue and fuming 
snlphnrio acid (Wroblewsk^, A. ^68,^04),— 
BaA', 4aq: needles, water. 

(a)l|BI.CHLpRO.NlTBO.TOLTrn)INS , 
0,(0H,)(N(f,)01,^^H,). [191®]r Formed by the 
action of aloohplio Nn, upon trUihloro-di-nitro- 
toluene [227»J (Seelig, B, 18, 428 ; A, 237, 140). 
Orange-yellow needles (fromaloohol). 

(/3).M-ohloro-iiitio-tolnidine 
0,(0H,)(NCg01,(NH,). ri92®]. Formed by the 
action of aloohblio NH, n)pon tri-chloro-di-nitro- 
toluene [141®] tp^, B, 18, 428). Orange-red 
needles (faom ilonboi). 

TM . OHLOBO . DI - IITRO - Bl . TOLTL- 

WHAm 0„HL,Ol,(NO,),. fl22®]. From 

tn-ohloro-di-tw^-ethane (0,Hy),0H.0Clla and | 


faming HNO, (0. Fischer, B. 7, 1191). Short 
yellowish prisms. 

BI-tf-CHLORO-NlTRO-XYLSKR 
OA(NO,)(CH,Cl),. [45°]. From di-w-ohloro- 
p-xylene and fuming HNO, (Orimanx, Z, 187L 
698). Small plates. V. sol ether. 

Dhohloro-di-nitro-xylene C,(OBy,Cl,(NO,),. 
[225®J. Formed by nitrating di-ohloro-ji-xylenc 
(Kluge, B. 18, 2098). Needles. 

CHLOBO-OGTAKR v. Ooxyl oblobidb. 

Bi-ohloro-octane 0gH„01,t.«. 0,H„.CCL0II,, 
(c. 196°). From methyl hexyl ketone and PCb 
(Dachauer, A. 106, 271). 

Di.chloro^ctan 0 <JgH„Cl,. (e. 199°). From 
Cl and the octylene from ’wastof^il (D. ; c/. 
B6hal. BL [2] 47, 33). 

Bi-ehloro-ootane (o. 285°). Formed 

by the action Cl on a mixture of octylene and 
octane derived from paraffin (Thorpe a. Young, 
A. 165, 16). 

CHLORO-OCTYL ALCOHOL C,H„C10. S.O. ' 
1*003 ; ai *987. From octylene and vesp dilute 
Q p.o.) aqueous HOCl (Be Clermont, Z. 1870, 
411). Oil. 

CHLORO-OCTYL-BENZENE CgH,(0,H„)0U 
(270®-275®). Formed by chlorination of octyl- 
benzene in presence of a trace of iodine. OiU 
V. sol. alcohol and ether, insol. water (Ahrens, 

I B. 19, 2719). 

CHLORO-OPIANIO AOID v. Opianio iom. 

TRI-CHLORO-ORCIN (?) C,H,C1,0, U 

Cg(CHj)Cl,(OH) 2 . [69°]. From orcin and Cl 
(Schunck, A. 64, 271) or HOI and KOlO, (D« 
Luynes, A. 130, 84). Slender needles. 

Tri-ohloro-orcin Cg(CH,)Cl,(OH),. [123®], 
Frqim the pcntaohloride, HI, and pbosphoms 
(Stenhouse, Tr. 1848, 88; Pr. 20, 72). Needles 
(from water) or plates (from HOAo), m. sol. CS,, 
m. sol. benzene, v. e. sol. alcohol and ether. 
Volatile with steam. HlAq and phosphorns at 
180® convert it into orcin. K,FeCy, oxidises it 
to di-chloro-oxy-toluquinone [167®]. 

Penta - ohloro - orcin C,(CHa)Cl,(OCl), or 
C.(CH,)Cl(Cy A- [120*6®]. According to Sten- 
house, this, and not tri-ohloro-orcin, is formed by 
treating orcin with EClO, and HCl. * Prisms 
(from CS,). M. sol. CS^ and benzene, y. sol. 
ether. Boiling water or alcohol decompose it 
with formation of liri-ohloro^rcin. Liberates 
iodine from KI, and gives a pp. of AgCl with 
AgNO, (Liebermann a. DitUer, A, 160, 265). 

Compound 0,(CH,jCl,(001),HC10. [140-6®]. 
From orcin, calcium hypochlorite, and HCSL 
Prisms (from benzene)** V. sol. ether, si. sol. 
CSj. Converted by NH, into CJHiCljNO [187®] 
(Stenhouse, B. 6, 676). ^ 

GHLORO-OXALAHTLINE v. GuIiOBo-uo- 


DUTYL-ISOAMTIi-QLyOXA Lnig . 

GHLORO-OXALETHTLUrS v. CanoBO-ifi- 

THYL-BTHYL-OLtOXAIJSB. 

CHLCVRO-OXALmeTHYLINS «. ChIiOXO* 

MBTHlL-OLTOXiLINX. 

OHLORO-OXALPROPYLXHB V. Oblobo- 


ITHTL-PROPTL-OLTOXJLUNB. 

OHLORioXSTHOSB 0,01,0. (210®). S.O. 
u 1*662. Formed from alooholio and per- 
ohlorinated ether : 


0,01,,0 + 2K,S - 4K01 + S, + 0,01,0 
ICalagnti, i. Oh. 16, 19). Oil ; smaOs Rkt 
aaadow-Bweet. Has a sweet taste. 


Rsoofiim— 1. In sonlight it le-eomhinei 
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iritb chiorhu 0,01,0+ 201, -CAoO.-2. Ohlor- 
in# v>at 0 r forau tnohloraoetio acid. 

OHLOBO . OniODO . Acxno STHEB «. 
OBi0iio-aaikntBoio*AGixio btbbb. 
OBIiOBO»OXUn)OLX V. OxxNDouB. 
CUnt-MliuloU eUoride v. Dz-ohlqbo-ik- 


eBLOBO-BI-OXT-AOSTIO ACID Ghloroifly- 
wyKo ondt 

DUthyl dtritaiiv of iho NitriU 
Cllp(OEt),^. (o. 160°). Obtained, impure, 
ti^ OOUOEt)ON and NaOEt (Bauer, A. 229, 
176). Mymerises. 

Dipropyl derivative ‘of the Nitrile 
ca0(0fe)m (o.*^!®). From CCl,(OPr)CN 
and NaO^. Polymerises. 

TXTBA« OHLOBO - TETRA - OXY • ADIPIC 
XXHBJEt. Anhydride 0,oK|oCl,0« i.e. 
EtO,O.OC4.CO.OO.OC4CO,Et. Oxalyl-dUhloro. 
aoetic ether. [93°]. Formed by the action of 
ohimine npon di-oxy-quinone-di-oarboxylio ether. 
U^tlj Aguish prisms. By hot ^poholio NH, 
t is split up into 1 mob of oxamide and 2 mola. 
>t di*dbloro*acetamide (Hantzsoh a. Lcawy, B. 
L9, 2$, 9886 ; Hantzsoh a. Zeokendorf, B. 20, 
L808). 

DI4JHL0E0-DI^XT.DI.AMID0.BEKZ£K£ 
9 * I)l<<SL0B0-I>X^AMXl>0*irC]>B0QCIM0NB. 

DX-OHIOBO . DI- OXT- AKIDO - PTEIDI5E 

CLH.Cy).N. piDlMUjr 

Di-okUnro-gUdaeine. [242°]. Formed in small 
quantity, together with tri-ohloro-oxy-amido- 
pmdine, tri-chloro-amido-pyridine, and tetra- 
mloro-amido-pyridine, by heating glutazine with 
PCI, (6 or T pts.). Short flat oolourless needles. 
SI soL hot water and alcohol Dissolves readily 
in aqueons aoids and alkalis. Combines with 
broooine (Stokes a. Peohmann, B. 19, 2710; 
Ask. 8, 891). 

Long eoloarlees needles. Beadily sub- 
Volalde with steam. Y. sol. alcohol and 
ether, inqpl water. Formed together with the 
mono-eth^l dniTative hj heating tetra-ohloro- 
amido-pyndine with an excess of sodium ethyl- 
ate at 11^ lor 8 or 4 hoars. 

Mdno^eDwtderivaHve ^ 

Flatneedles. 

SohlimaUa. Hot folatile with steam. V. sol 
alotdiol and ether, lA sol hot water. Dissolves 
n fikftK iNrt not in dilute acids. It is also 
Eermed^ beating trLehloro-oxy-amido-pyridine 
irith sodliim ethylate.— A'Na : glistening rhom- 
Ue taUes (StokM a. Peohmann, B. 19, 2710; 
ft. lAgl 

ni • coboso - OXT - AMIDO - F7EID1HE 

[289*]. Formed, togstherwitti an equal quan- 
tity of tetia-6hloro4unido-p7ridine and sn^ 
quaatitiss of di-ohloro-di-oX7-aniido-pyridine 
and lfi-ohIonHunido*pyridine, by lusting glnta- 
wlne with POL (6 to 7 pts.). Flat ooburlOss 
needles. fluUmiabla. V. soL hot water, nearlv 
tnsol ooidf V. soL hot aleolMl, si sol oold, sL 
dol ether tad bioseoo, tnoot lin^ Mono- 
basie aoid,doeotitposss soluble earbonatse. Dis* 
solves in oona. or oons. H,80« but is to- 


precipitated on dilution.->A9faMq : needles, in. 
sol odd water. 


Ethyl derivatiffe 

[82°]. 0oloarle88needle8.Yery volatile with staam. 
Peculiar odour. ^ Y. sol .alcohol, ether, ete. 
Formed by ethyl|tion of the above, or by heat- 
ing tetra-ohloro-amido-pyridine with sodium 
ethylate (Stokes a. Peohmann, JB. 19, 2710 *, Am. 
8, 892). # 

7'CHL0£0-a-qXT-ANQXLI0 ACID O.HXllO, 
i.#.CH,.C01:CH.CH(OH).CO,a 1^10°]. Prom 
tri-ohloro-oxy-valeno acid, zinc, and HCl (Pin- 
ner a. Bischoff, A. 179, 100 ; Pinner a. Klein, B. 
11, 1496). Y. sol. water, alcohol, and etlier, 
si. sol GS,. Combines with Be PCI, gives 
CH,.CC1:CH.CHC1.C0C1. — ZnAV — OuAV — 
AgA': needles, m. sol odd water. 

Ethyl ether Etk\ (930°). 

Isohutyl ether OR^?T.k\ (o. 238°). 

0HL0£0-DI-0XT.ANTHEAaUIK0NS ' 
C^HjClO,. Ohloro-alizdHn. [244°-248°]. Pre- 
pared by the action of Cl on a cold solution of 
alizarin in OS, (Diehl, B. 11, 187). Sublimes in 
red needles. Sol. boiling, si sol. oold, water. 

Di-ehloro-di-oxy-anthraqninone CiiH^ClO,. 
Di-chloro-aluarin. [208°-210°]. Prepared by 
the action of SbOl, on alizarin (Diehl, B. 11, 188). 
Sublimes in beautiful orange-red spikes. Com- 
bines with mordants readily, the colours resem- 
bling those produced by nitro-dizarin. 

Tetra-ohloro-di-oxy-anthraquinone 
C„H.,i0H)jCl,0,. Tctra-chloro-aluarin. [o, 
200°]. Prepared by the action of SbOl, on 
alizarin (Diehl, B. 11, 189). Further action of 
SbCl, forms 0, Cl, C,C1., CC1„ and CO,. Reddish- 
brown crystalline powder. Does not combine 
with mordants. 

OHIOBO-OXY-BEEZAIODE «. Aumi or 

ChLOBO-OXT-BBNZOIO 1C£D. ° 

DI-CHL0B0-T£T£A4>XY.B£HZ5NE 
C.CKOH),. HydrocMoranilic add. From di* 
chloro-di-oxy-quiUone by redaction with aqueous 
SO, at 100°, or with tin and Hd (Koch, Z. 1868, 
203 ; Graebe, A. 146, 82). Needles. Y. sol. 
water, alcohol and ether. Oxidised by moist air 
into ^-chloro^-oxy-quinone (chloranilio acid). 

Tetra-aoetyl derivative C,Cl(OAo),. 
[236°]. 

CHLO£Oh> 4 XY-B£NZOIC ACID 0 , 0 , 010 , 
i#. C,H,a(OH).CO,H [5:2:1]. OMortheaUculie 
add. Mol w.I76i. [172-6®] (H.a.B.); [1&°] 
(Y.). S. *09 at 20°; 1-26 at 100°. 

Formofton.— 1. By passing the calculated 
quantity ol ohlorineointo salicylic acid dissolved 
in a hurge qmmtity qf GS, (Hlibner a. Brenken, 
B. 6. 174; of. Oahours, A. Ch. [8] 13, 10%orin 
<HOAo (Smith, B. 11, 1226 ; Ma^hall 8. 
17, 476).— 2. Frofli (6,2,l)-ohioro-amno-benzoio 
acid by displaef^ent of BH|by QB through the 
diazo- reaction (Hflbner a. Weiss, S, 6, 176). — 

8. From (2,6,l)-oxy'einido-l)enxoic add by dis- 
placement of Nfi^^ Cl (Sohmitl Z, 1864, 821 ; 
^ilsteln, S. 8, 816)«— 4. From jHsh^-phenol 
GCl., and elooh^o KOH (Haase, i6, 2196).— 
6. From OACl(ONa) [1:4] a|d CO, at 160° 

I (YarkioH, JTpr. [ 2 ] 86 , 

I Brop#»^.-*Need]ee (ihom wgter). Y. aol 
alcohol ether, and bentene, Fe, 0 l ooloun ill 
aqueoui lelotioii led. 
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8>Hl- -NaA'.-I(iA 

«u >'■ Him.— PbA'..— CnAV— AgA'. 

^MylttherKak'. [48'>]. (349”). IIe«ai«l. 
“til. (WHOBKOOllBjlUn. 

Ohloro^xy-boniolo loid OaH,01(OH).(W5H 
^8*2'n. ri78®]. 8. *08 at 8*6®. From p:l] 
and CO., at 150® (Vamholt, J.pr. 
r2T88, 42). Long needles, vo^ntile with steam, 
maybe BubUn»d. V. sol. alcohol and ohloro- 
form. Pe,01, gives a violet oolonr.-NaA.— 

^^jiMyUtherUBhf. [88®]. (260®). Needles. 

Chloro-Sxyftensolo acid 0 bH, 01(0H).00^ 
r4*2‘n. [207®]. Prom 0«H,Cl(0Na) [1:3] by 
treatment with CO, *nd heating the product 
O.H.Cl(O.CO,Na) at 150® ('^arnholt, J. [2] 

_ 8^,28). Also from C.H,(Coi)(Nojoi [1:2:4] by 
redaction, diasotisation, and boiling with water. 
Small needles, Volatile with steam, may be sub- 
limed. V. sol. alcohol and chloroform, si. sol. 
water. Fe,Cla gives a violet colour. 

Chloro-n-oxy-bensoie acid CeHsCl(0H)00,H 

[8:4:1]. [188®] (P.) ; [170®] (L.). 8. -37 at c. 15 . 

^ Fomatum,—!. From silver 

and Cl (Peltzer, A. 146, 284; Z. [2] 6,22<y). 

a. From p-oxy-benzoio acid and SbClj (Ldssner, 

J or. [2] 13, 442).— -8. From o-chlorophenol, 
EOH, OCI4 and alcohol at 130® (Hasse, B. 10, 

*^^PVop«rfiw.— Silky needles ; v. sol. hot water, 

▼. 6. sol. alcohol and ether. May be sublimed. 
Pe,Cl, gives a reddish-brown pp. in neutral 
solutions. 

^$thyl derivativs OaH<,Cl(OMe).CO^. 
Ohlaro-afUsie acid. [216®]. White glistening 
scales. Formed b^ oxidation of the methyl- 
ether of •chloro-p-oresol.— A'Ag: sparingly 
soluble pointed plates. — A',Ba 3^aq : thin rect- 
angular tables, soluble in hoi water (Sohall a. 
Dralle,B.17,2629). , 

Obdoro-p-oxy-benioie acid. Methyl aer^ 
pflf4oeO,H,01(OMe)CO,H. Ohloro-anuM acid^ 
ri7fi®l fO ) : ri80®] (li.). From anisic acid and 
ro«ri.:t.T/.'38. 421; Cahou,.. .4, 86. 
812). Pidsms or needles. May be sublimed. 
Insol. water, v. sol. alcohol and ether. Probably 
identical with the preceding. 

Di-ohloro.o4»xy. benzoic acid , 
OAOL(OH)(COJ[). Di-chloro-talicylic ocw. 
[2U®]. Prepared oy leading 01 into w acetic 
acid wlution of ealioylic|,aoid (SmilJ^, B. 11, 
1226; A. PA. S. 17, 486; c/, Oahours, A Oh. 
[8] 18i 106). Formed also by heating wUcylio 
add^ mi.) jvith BbOL (A molsj 
/.or. rans. 429). Small ihiMas (from dil^ 
alSi<i). SL sol. hot water. %iay be subtoed. 

8alts.CA'JBa8aq. Ismg needlw, insol. cold 
water.— A'K; soluble needleB,-^^a: large 
soluUe needlea.— A',Mg : imaU soluble oryitals. 
A'gPb. Inapluble pp. ^ _ ,, 

M$thylmth$r: |t49®]; n^to 

tl04T. Wtm methyl-saltoylio acid and 01 


m 


(Procter. /. Ph. [8] 8, 275 ; Cahours, A. Oh. [8] 

* Etl>yl derivatine 0,H,Cl,[0Et)00,BL 
Needles (Oahours, A. Oh, [3] 27, 461). 

Di-chloro-p-oxy -benzole acid 
O.H,OL(OH).CO,H [166® unoor.]. Varm^ by 
oxidsiion of di-ehloro-p-cresol with OrO, in 
acetic acid (Olaus a. Riemann, B. 16, 1600). 
Sublimable. Long white needles. Sol. alcohol, 
ether, and hot water, nearly insoL oold water.— 
A'Na* : small needles, sol. water and alcohol. 

Di-ohloro-.p-oxy-benzolc acid. Methyl deri^ 
vativt 0,H,Ol,(OMe).0O,H. DUhtorM^ 
aeid [196°]. Form^ together with tetre-ohlon^ 
qninone, by treating am»i<^i4^th HCl and 
KCiO, (Beinecke, Bl. [2] 7, 177). Large needle, 
(irom alcohoi) ; inaol. water. 

0HLOE0.<)-0XY.BEKZ0I0 ALDEHTSE 
0,H.C10. U. C.H.Oi(OH).CHO. From MlioyUo 
aldehyde and Cl (Piila, A. 30. 169 ; Uwig, B. J. 
20 311). Tables (from alcohol). Insol. water. 
Oombinee with NaHSO, (Bertagnim, A. 86, 196). 
Ba(O.C.H,01fCHO), : j^wder. With NH, it 
forms yellow needles of (0,H,01(0H).CH),N, 
(Piria, A. Oh. [2] 69, 809). 

Chloro-p-oxy-beniolc aldenydi 
OgH,Cl(OH).OHO. [149®]. Fromp-nxy-b^zolo 
aldehyde and dry chlorine (Herzfeld, B. 10, 
2196). Silky needles ; v. sol. water, ^oohol, 
and ether. Absorbs NH, (2 mols.). Pe, 01, gives 
a violet colour. 

CHI0B0.0XT.BEHZYt ALCOHOL 
0,H,C10. U O.H.Cl(OH).OBU)H. Ohlow- 
ealuienin. From chloro-salioin by hydrolysis by 
emuUin (Piria, A. 66, 60). Trimetno plate, 
(kom water). Turne d bine by Fe,OV 

a-CHLOEO-jS-OXY-BUTYBIC ACID 
OH,.OH(OH).CHCl.CO,H. 
addition of hypochlorous acid (OlOH) to (a), 
crotonio acid (Melikoff, B. 16, 

811; 47, 167; Pavoloff,BI. [2] 48, 115), Needles. 
V. sol. water. 


..SOI. wawjr. . . 1 1. V 

Bwetum,.-!. By the wtion ol aJoohoho 
EOH it gives propylene-oxide-carboxylio ((p)- 


Methyl-glyoidi.) «>id 

whence HCl forms the following acid.— 2. Heat- 
ing with H,SO, gives i^chloro-crotomo acid 
w&nce zinc a“dH..89,p^Tiw orotomc^^^^^ 

8. Heating with HCl gives 0H,.0H01.OH01.CO|g 
r69®l (?) whence alcoholio KOH gives rise to 
i)H.i)H:OOLOOJH[98”]. 

Salts.— A'^: entrsmely tolnble Uble,.— 
A' Oa ! easily soluble amotphon, po-dto. 

Ohloro.«y-biityrle sAi 0,H,01(OH).00,H. 


Jromation.-!. By the addition <>» hyPJ 
ohlorous acid (ClOH) to iro-orotonio aoid.-9. 
By the addition jf HOI to propylene oxid. 
carboxylic acids tr i 

with ioeiotonio acid (bU l iho fl , ^ li* SUb 
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OHLOBd-DXY^BOmiO AOID. 


Xiqdd. OonyeiM by tlooholio KOH into 
propylene oxide oarboxylio ((y)-metliyl*glyoidic) 

Mid 

CUonM»xy-isobiityTle acid 
0H^01de(0H).G0,H. Ohloro-aeitonic. add. 
[lOTT. (0.233°). 

1. From ehloro-aoetone by 
treatment with HON and saponifioation of the 
feanlting nitrile (Bieohoff, B. 5, 865).— -2. From 
jnethaerylie acid and HOOl (Melikofl, Bl. [2] 
41» 811; 43, 116).— 8. From propylene oxide 
eorboxylie acid ((a).me^yl-glycidio aoid) 

*^nd oonc. HOI (M,). 
CHrC(d0^.CH, 

PropsrUes.— Long prigme (from ether) ; v. 
•oL water. Converted by aleobolio KOH into 
p(opylene<«xide oarboxylio acid. 

Salta.— OaA', 2aq.— ZnAV 

NUriU C]^Cl.CMe(OH).CN. Fromchloro- 
aeetona, by boiling with mcohrl and cono. 
aqaeona HON (B.)« Oil. Split up by distilia- 
ticm into HCy and 0,H4G1,0. 

Chloro-oxy-bntyrie acid. Nitrile 
04 H«€&N 0 ,. From epichlorhydrin and anhy- 
drona HC^ at 140° (HArmann, B. 12, 23). 
Liquid, ▼. aol. water. Dilate HGl forma a liquid 
ehloro<oxy*bntyrio acid. 

Bi-ehloio-oxy>isobutyrie aoid 
OH01,.OMe(OH).CO.^ [83°]. From its nitrile 
and HClAq at 100° (Bischofit, B. 8, 1334). 
Priama.— AgA^ 

Ethyl §th$rEik\ (c. 212°). 

mtriU 0HC4.CM6(0H).GN. From di- 
ohloro>aoetone and cone, aqueous HGy (&.). 
Idquid. Split up by distillation or by alkalis 
iOto HOy and di*ohloro-acetone. Aqueous EGy 
forma crystalline (G,H 4 C 1 , 0 ) 2 HCN (Glutz a. 
Fischer, /.pr. [2] 4, 62). 

Di-cblortMU^-iaobutyrie acid 
{CBfiL)fi{OU).COja. [92°]. 

Obtained by boiling its nitrile for 12 hours with 
eono. HClAq (Qrimaux a. Adam, BL [2] 3G, 20). 
Ddiqueq^t tables, y. aol. alcohol and other. 
KCN oonverte it into a nitrile of oitrio acid ; 


mtroearnine 0,oHiiPl,N(NO} [188°]. 

(l^p. 8:l:2).CHI0B0.0Z7.£THyL.<lVI^0L» 
X(0H):0Et 

INK I . [248°]. Formed by 

COl • • 

the action of Prd« upon aniline ethyl-malonate 
under benzene. Ooloarlesa needlea. M. soL 
alcohol (Eiliaifr, B. 20, 1235). 

T&I.CHL0R0.0XT.ETm.STrC0INIC ACID 
Lactone. CCl,.CH.OH(CO,H).CIt.CO.O. 

ekhro-methyl-paraconic acid. [97°]. From 
chloral, sodium auooinate and 8t.o,0 (Fittig, B. 
20, 3179). Converted by baryta into barium 
isocitrate. 

DI-CHLOEO.DI-OXY.HEXANE , C.H.gClaO, 
i.e. CH301.CH(0H).CH2.CH,.CH(0H).0H2C1. (?) 
S.G. 1 1*4. From diallyl and aqueous HOCl in 
the cold (Henry, B. 7, 416 ; Z. [2] 6, 479). Oil. 
Potash converts it into diallyl dioxide whence 
baryta-water produces the anhydride of tetra* 
oxy-hexane CaHuO, (Przibytek,^!. [2] 46, 248). 
Di-chloro-tetra-oxy-hexane v. Mannitx. 

DI - CHLOKO - DI - OXY - HEXINOIC ACID 

CjH^jCljO, t.e. 

CH,C1.C(OH):C01.C(OH):OH.C02H (?). DU 
chloro-dUoxy-amenyl carboxylic acid. [177°]. 
From the following by sodium amalgam 
(Hantzsch, B. 20, 2789). Lustrous prisms. 
Cone, aqueous NaOH forms CgHjOlO^Naj Caq 
which crystallises in canary ^llow needles and 
is converted by HCl into C^HjClOj [97°], which 
forms a salt NaA' 3aq.— NH^A'. [186°]. 

Acetyl derivative [134°]. 
Trl-chloro-di-oxy-hexinoic acid CaHjCljO, 
i.e. CH201.C(0H):CC1.C(0H):CC1.C0,H (?) 
[177°]. Formed, together with tri-chloro-phe- 
nol, by passing chlorine into an alkaline solu- 
tion of phenol (Hantzsch, B. 20, 2789). The 
yield is 60 p.c. Needles (ffom water) ; or mono- 
olinio crystals (containing 4aq). Decomposed 
by cone, aqueous KOH. — NHfA' Aq : trimetrio 
prisms, sL sol. water. ‘ 

Methyl ethlr MeA. [126°]. 

Di- acetyl derivative G.HiAc^ClgO,. 
[188°-192°]. 

CHLOEO-DI-OXY-INDONAPHTHENE 




Ethyl eth^r EtA'. fo. 228°). From $• 
di-cUorbydria, chloroformic ether, and sodium 
^algm (Kelly, B. 11, 2222). Gone. KOH 
produces i^oerm. 

Nitrile (CH,C1),C(0H).CN. From s-di- 
cUonHseetone .(60 g.) by digesting with HCy 
(20 a little water, and alcohol 8 c.o. 

nAdilero-oxy-i|^utyric acid 

tri-chloro-acetone 
fo sueeecsive treatment with HCy and HCl 
CBiseboK, B. 8, 1389). Syrup. 

T£X-OELOE()-DI-OXY.Dl-CYirYL.ETHAKE 
OA, 01 .O, is. CC 4 .CH(«.^,^H),. [ 194 °], 

From thy^ (2 mol.), chloral (1 nfbl.) and 
e(me. BM4 dilated with HOAc (Jaeger, B. 7 , 
1197 ; 0. /. 81, 262). Monoolinib needles (con- 
taining HOBt). Insol. water. Alcohol and 
sine - dost form OH«OH(O,«H,, 0 H), and 
CH,:O( 0 LH,,OH)f 

OHUmO -OXY. ETHYL* AMIDO - PHENYL- 
ETHANE CC9UCH(pH).0;HJOEt. [98°]. From 
dhloral hydrate andet^l-amm (Boessneck, B. 
21 . 788 ), 


01 C,H.<^°^C(OH). Ph*. 

nylenc-chloro-oay-acetylene-ketone. [114°]. 
Formed by the action of acids or alkalis upon 

the amides or 

C.H,<^j^Ca»HE, whVih ate obta!nedJ>y tha 
Inaction of amines *upon di-chloro-ox^indonaph* 
thene (j. u.), 0 ia^recon verted 

into these amideshy the action of amines (Zinoke, 
B. 20, 1271). White glistening plates (from dilute 
alcohol), or small oompi^t crystids (from petro- 
leum-spirit). Dissolves in aquMus alkalis with 
a red colour. By PCI. it is cemverted into the 
.CClv 

compound yCO. 





(In. 8:l:S)-l)l-«U«ro-«zj>taA«iUkphthtM 
-<s> 00. [I250]. FonnedbytheMtioii 
ohloro-di^u^'indonaphthene 




Olisteningfilatef (Irom di^ 

lute alcohol) (Zinoke, B. 20, 1272^. 

^ (In. 8;2:l)-Di-cliloro oxy.ixidonaphthen6 

04H4<^Qj^fi0L Phmylene-di‘Chloro-acetijlene- 


ketone. [90°]. Formed by oxidation of tho oar- 
• /G(OH).CO^ 

boxylio ooid 0JB.X \ (from di-chloro- 
\CC1:CC1 

(/9)-naphthoauinpne) with CrO,. Small yellow or 
long glistening ^golden needles. Very volatile 
with steam. It has some of the oharaoteristios 
of a qninone. With ttromatio bases it forms 
coloured compounds. Keacts with hydroxyl- 
^ine and with phenylhydrazine. With halogens 
it yields colourless addition-products. It is not 
affected by SnC^ or by PCI,. 

Methyl -amide 0,H,<^^l>C.NHMe or 



NMe : [195°]; long dark-red 


needles, sol. hot alcohol and acetic acid, si. soL 
benzene. 

Di-methyl-aitLide 0,H4:0|G10.NMe2 : 
[140°]; long red needles or thick tables. — 
B'jH^Cl^PtCl, : yellow crystalline pp. 

Anilide C,H,:C,C10.NHPh ; [204°]; slender 
deep-red needles ; dissolved in warm dilute al- 
kalis without decomposition. 

Oxim : [120°] ; long 

yellow needles ; v. sol. warm alcohol and acetic 
acid (Zinoke, B. 20, 1265). 

DUhloride >001,. [108°]. 

C<piverted by aqueous NaOH into tri-chloro- 
vinyl-benzoio acid [168°] (Zinoke a Frohlich, B. 
20, 2053), 

Di-bromide C,H4<^Qjgj.>CClBr. [114°], 


and, when rapidly heated, [0. 128°]. Converted 
by aqueous NaOH into di-ohloro-bromo-vinyl- 
benzoic acid CClBr:CCl.C,H,.CO.;EI [174°]. 
Chloro-ozy-indonaphthalene diohloride 

From the dihydrido 

of tri-ohloro-di'ozy-indonaphthencf carboxylic 
acid and dilute OrO,Aq (Zincke, B. 20, 2890). 
Thick needles (from alcohol). Converted by al- 
kalis into di-chloro-vinyl-beiftoic acid. • 
BI-CHLOBO-DI-OXT-INDONAPOTHSHE 
% * qOH)CO,H 

CABBOZnlO ioxo O.H^,COI, [IBS-]. 

• * (TO 

Formed bv dissolving the hydrate of tetra-ohloro- 
(/9)-naphthoquinone in dilute Na,CO,Aq and ppg. 
with an acid (Zinoke, B. 21, 497). Thick needles 
(containing ftq^ (from water). V. tol. alcohol, 

benzene, and HO^ OrO, givei OgHi^^OOl, 
[124°]. 

Methyl $ther MeA’ £124°] large oblique 
•rystalf. 


Aeityl dirivati^e OnStAoO^O,. [126°]. 
Pirismf. 

Tti-chloro-osy-indonaphthene earboxylie 
Mid. Dihydride 
y Om^OOfi 

From the dihydride of di- 

• CO.CO 

ohlorO'(^)-naphthoqninone I and 

CHOl.GGl, 

dilute NaOH (Zinoke a. FrOhliob, B. 20, 2894). 
Liquid. 

Methyl ether [150°]. 

Acetyl derivative of the methyl otJiS^r 
0,4HsMeAoCl,0,. [ll6°J. _ 

DI-CHIOEO-OXT^-HETHiM^IULPHIHlC 
ACID CGl,(OH)SO,H. Unstable deliquescent 
needles. 

Salt— A'Et Trimetrio plates. From XCy 
and aqueous or alcoholic trichloro-methane sul- 
phoohloride (g.v.): 001,. 86,01 + KOy + H,0 

= CyCUHCl+C(i(OH}.SO,K. BoUed with 
potash it fornes ECl ana K2SO, (Loew, Z. 1868, 
518 ; McGowan, J.pr. [2] 80, 288). 

Dl-CHIOBO-OXYJdETHANS SULPHONIC 
ACIB. 

CAIortds.— ■OCl3(OH)SO,Cl. FromPCl.and 
CCl,(OH)SO,E (McGowan, /. pr. [2] 80, 289). 

Anthds.— 001,(0H)S0,NPhH. Bhombo- 
hedra. From aniline and the above chloride. 

TBI-w-OHLOBO-a-OXT-HETHTL-AMIBO- 


PHENYL - ETHANE OCl,.CH(OH)OANHMe. 
[112°]. From chloral hydrate and methyl-ani-^ 
line (Boessneck, B. 21, 78^. 

Nitroeamine 001,.OH(OH).C,H4NMeNO. 
[118°]. Needles. 

<Pri-a-ohloro-a-oxy-di-methyI-amidO‘benxene 
CCl,.0Hj0H).0,H.NMe,. Formed by condensa- 
tion of onloral hydrate with di-mothyl-aniline in 
presence of ZnOl, (EnOfler a. Boessneck, B. 20, 
8193). 

(i^. S:1).CHL0B0-0XY.(B. 4)-]IEIHTL. 

IPy. 2)-EIHYL.QUIH0LINB 
/0(0H)-CEt 
OAMe< I 

\N=CC1 , 

a-Ohloro-fi‘ethyl-y.oxy-o-toluquinoline, 

[225°]. Formed by the action of PCI, upon <r- 
toluidine ethyl-malonate under benzene. Silky 
needles (from alcohof) (Eiliani, B. 20, 1233). 

OHLOBO-BI-OXY-^THYL-PUBIN. 


Methyl ethyl derivative 
0,N4(CH,)(0Me)(0Et)Cl (?) Ethoxu-chloro-oxy- 
di-methyl-purin. [160^. Granular crystals. 
Formed by the action of a solution of NaOH in 
50 p.o. alcohol on di-ohkro-methoxy-methyl- 
purin. By HCl at 180° it is converted into tri- 
oxy-di-methyl-purin (di-methyl-nrio acid). By 
HI it is reduced to di-oxy-di-methyl-purin 
(Fischer, B. 17, 835). 

Di-ethyl derivative 0,(0H,)(0Et),01N4, 
Formed 19y heating tri-chloro-meth^-purin with 
alcoholic NaOH (Fischer, B. 17, 882). Fine 
felted needles. Heated with HOI at 180° it 
gives methyl-uric acid (tri-oxy-methyl-purin). 

Di-ohlons-oxy-methyl-puxm O^H^ON^Cl, ij. 

N— oa 

0,(0HJ(0H)0yi,j(««b»b]y Cli i-NH V 



1cw 




tS74®]. Obtained by haatinn methyKnrie ecid 
with PC1» and POCl, at 180® (Fischer, JB. 17, 830, 
1786)t ^ Fine white needles* Very stable body, 
Tolatilisingwithont decomposition and not being 
attaoked hr HNO, or by KCIO, and Ha By 
HI it ii reduced to oxy-methyl-porin. 

]M-eUor^y.di.iaethyl.puiin 0,^001^4 


UL ca^ 


I I 


KMov 

Vo 

NMo^ 


or C,N 4 (CH,)(OMe)Cl, 


, N— 

1188®]. IK^hlon>‘metfioaey.mthyl-pui^ Formed 
by heating the lead compound oi di-chloro-oxy- 
methyl-puria methyl iodide (Fischer, B. 
17, 1787). Fine coldurless needles. Insol. 


alkalis. By HI it is reduced to methoxy-methyl- 
purin. 

{Py. 4, 8) . CHLOEO-OXY . (Q. 2) - METHYL- 
QBINOLIMX 0,H,GH,N0a U 
OMe:GH.O.OH:GH 

I S I . OJUoro-msthyl-paeudocar- 

CH : CH.G:NaCO « 

bostyril. [121®]. Formed by treating a solu- 
tion of (B. 2) metbylquinoline in boric acid with 
bleaching powder solution (Emhom a. Lauch, 
A. 248, 868). White needles (from acetic ether). 

lUactiom, — 1. Boiled with NaOHAq {B. 2)- 
methyl-carbostyril [228®] is obtained. — 2. Yiel^ 
an isoniertde [281®] on boiling with alcohol. 

(Py. Mj^^^ogo-eay-aethyl-quinoline 

I [117*6®]. From iy)-ohloro-car- 
>NMe.GO 

bostyril, Mel, and alcoholic NaOH (Friedlander 
a. Mtlller, B, 20, 2009). Hair-like needles (from 
MeOH). I 

(IVO- Chlcre . di • cxy-( B. 2)-methyl-qainoline 
Di-$thyl derivative G 4 H,(CH,)NO,Cl(OEt)j. 
[71®]. Formed by heating {Py, l;2:3).tri-chloro- 
fp.2)-methyl-quinolinewith a solution of sodium 
mabMlutealooholat 100®-130®. Long colourless 
needles (Bugheimer a. Hoffmann, B. 18, 298*2). 

{Py* 2:8:1) -CUoro-di-oxy-(B. 4)-methyl- 
quiaoll&eC,,H.N01,Oi«. 

• .C(0H).*CI01 

N-U* 

>C(0H):CC1 ^ 

G,H,(CH,)^ ^ ^ . Ohloro-cxy-tolucarbo- 

ttyrH [277®]. Formed by heating (Py. 2:3:1)- 
di>eh]oro*oxy*(B. 4) -methyl -quinoline with 
dilate HCS at 160®. ^|arge plates or tables. Y. 
eoL acetic acid, ah soL alcohol, insol. water. 
DiaaolTea in aei^ and alkalia (Biigheimer a. 
Hoffmann, B. 18, 298G). 

l)-0hlcro.(B. 2)-ozy-siethyl-quinoline. 
derivative C(OMe):CH.G.GaCH 

dln^^OH.^.N.ilMe 

flOO®]. (a. 296®). From the ootreaponding 
^«He(OH)(OMe)N by POOl. (Conrad a. Lim. 
pach, B. 21, 1649). Silky {Hrisms. 

(iV. 1:2:8) -Bi-ehirae.ozy- (B.2) -methyl • 
qviac&uO^C^U • 

— ^:C01 

J^fAoro4oluMrb<mtyfiL ^ y 992®]. Obtained by 
beatuig(iyi:2:8).tM*«liloio-(B.2)-methy).quino- 


I line with dilute HOI at 180®. SmtU crystaU. SqfL 
' benaene and acetic acid, id. sol. alcohol and eOier, 
insol. water. Has both weak basic and Weak add 
properties (Bugheimer a. Hoffmann, B. 18, 
9981). 

(py. 1:8:8 )(kDI - ehloro - ox/- (B. 4) -^meUtyl . 
^ XC1:0C1 

quinoline 0A(CHJ< ] . Vi-chlonh 

: C(0H) 

tolucarbostyril [288®]. Formed by heatifig 
(Py. 1:2:8) -tri-ohloro-(B. 4)-mfuiyl-qumolino 
with dilute H(i)l at 180®. Small white needles 
(from acetic acid). Sublime! in needles. SI. 
sol. alcohol, insol. water (Biigheimer a. Hoff- 
mann, B. 18, 2985). 

(Py. 2:8:1) - Dl - ohloro - oxy - (p. 4) - methyl. 
/0(0H):CC1 

quinoline 0JH,(CH,)<( __ ] . [246®]. 



.0(0H): 

-^traCOl 

Formed by the action of PCI, upon the acid 
malonate of o-toluidine in presence of cold 
benzene. Needles. SI. sol. doohol and acetic 
acid, nearly insol. water. I^omposes alka- 
line carbonates (Bugheimer a. Hoffmann, B. 18, 
2983). 

(Py.2:4:3) - OHLOEO-OXY-METHYL-ISO- 

XH:CC1 

ftUINOUNE C„H,C1N0 U. C,h/ | . 

\30.NMe 

[112®]. Formed by methylation of (Py. 2:4). 
chloro-oxy-isoquinoline [220®]. Long needles. 
V. sol. ether, benzene, chloroform, and hot alco- 
hol (Gabriel, B. 19, 2361). 

(Py. 4;2:l)-Chloro.oxy.xaethyl-isoquinoliJie 

Needles (from acetic acid). Sol. aqueous alkalis. 
Formed as a by-product of the reaction of 
POCl, upon the imide of,j)henyl-methyl-acetic-o- 
>OHMe~CO 

carboxylic aoid C,H,^^ (Gabriel, B. 

20, 2604). 

CHLOEO.OXY.(a).NAPHTHOQUINOKE 
Ci^HjClOj i,e. C„H,Cl(OH)Oj. Ohloro^ph* 
thalic acid, [above 200®]. Formed by boiling 
chloro-naphthalene tetrachloride with HNO, 
(Laurent, A. 85, 298). Formed also by boiling 
di-chloro-naphthoquinone with alooholio KOH 
(Graebe, A. 149, 14 ; P. a. E. Depouilly, Bl. [2] 
4, 10); and by boiling the alkylamidos of 
chloro-(^4iaphthoquinone with acids or aqueous 
KOH. Yellow needles ; may be sublimed. Insol. 
water, m. sol. alcohol and ether. HNO, oxidises 
it to ^jhthalio and oxalic acids. Turned red by 
alkabs. iMstillation with PCI, girea pcnta- 
chloro-naphthalene. ® ^ 

Salts.— KCt^H^ClOfVaq; <orimfpn needles.— 
BaA', aq: mlW orange needles. 

XO . G(Om 

Jmid$ K . [c. 260®]. 

N3(NH).0a 

Formed by the action of alcoholic NH, upon a 
hot alooholio solutfpn of cUknpp-(ff)-naphthO' 
quinone. Dark metallic plated SI. sol. alcohol 
and acetic acid. Dissolvet in dilnte NaOfi with 
a dark-Tiolet colour. Long boiling wij2i H<3 
yields ohloio-oxy-(a)-iuiphtboqniiiQiii 
B.19,2429). 
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. 00 , 




Park metalho plates. 


C(OH) 

3(NPh).001 
Formed by the action of 


P58«]. 


aniline U]^ a hot iJcoholio solution of ohloro< 
{3)>naph&oqainone (Zinoke, B. 19,^99). 

(* 3 ’).Ohloro-oxy.((^-naphthoqaiAOAe 
O,^401(OH)Or [206° unoor.]. Formed by 

^Hrrg ^ /9 ^ • dl • ohloro • (a) . naphthoquinone 

0*H,Cl^^*Qg^ alkalis. Felted yellow 

needles. V. sol. iloohol, ether, si. soL 
water. Sublimable. The alkali-salts are v. sol. 
water with a deep red colour; the Oa and Ba 
salts are sparingly soluble.— A', Ou : insoluble 
red pp.— A'jPb P yeSowish red pp. 

Anilidi 0j,H,01(NHPh)d, ; [J66° unoor.]. 
Formed by boiling an alcoholic solution of 
0 ')-di-ohloro-naphthoquinone with aniline, 
bark violet crystals. V. sol. acetic acid, si. sol. 
alcdhoL 

o-Toluidt 0,^401(NHC,H,)0; [176° un- 

cor.]. 

p-Toluid« a.^,Cl(NnC,H,)0,; [164° un- 
CorO (Claus a. Miiller. B. 18, 3074). 

Cmor(Mizy-(/3)-naphthoquinone. Ethyl de- 
yOO - CO 

fivativi OJEL/C I . [149°]. From 

\3(0Et):0Cl 

XO.CCl, 

tetra*ch]oro-(a)-naphuol C^H,^ | and al- 

'CChCCl 

ooholie EOH (Zincke, B. 21, 1027). Orange 
needles. 

Propyl dtfivativo 0,»H,C10a(0Pr). [190°]. 
Formed in like manner, using propyl alcohol. 

Tri.ohloro-ozy-(a)-naphthoqumone 
C„H.,C1,(0H)0,. [236° uncor.]. Formed by 

boiling tetra-chloTo- (a) -naphthoquinone with 
alcoholic KOH. Yellov^ needles. Sublimable. 
V. sol. alcohol, ether, <>0., si. sol. water. Its 
salts are deep red. By treatment with aniline it 
givoF an anilide [180° unoor.], which forms 
coppery needles. Sol. hot aloohdl, acetic acid, 
and ether, si. sol. cold alcohol, insol. water. 

The corresponding o- and p-toluidine deriva- 
tives melt at [205°] and [208°] unoor. respec- 
tively (Claus, B. 19, 1141). 

Tetra-ohloro-ozy-(a)-aaphthoquinone 

< OO.C(OH) 

y . [266° uncor.]. Formed by 

OO.C(OH) 

dissolving penta-ohloro-(a).haphthoqqinone in 
alcoholic KOH, and precipitating the acid by 
HCl. Sublimes in yellow needles. The alkaline 
salts are v. sol. water, the Ag, J*b, Cu, die. jalta 
are red pps. (Claus a. Wenslik, B. 19, 1168* 
DI-OHLOBO-BI-OXT*. (a) -NAPHTHOQUI- 

■OHl 

From chloro • dmido • naphthoquinone and 01 
^inoke a. Oerland, B. 20, 8216). Thick needles. 
. ' Converted by alkalis into a compound [129°] 
which may be oxidised to another [126^ 
CHtBRO-OiMrAPHTHlDilVIKONS SUL. 

fhohio acid m^,ACiSO, u 

C,jH,01O,(OH)(SoS. Prom naphthalene, 
MO,, and HjSO. (Hermann, A, 161, 68 ; Z, 
[2]4,o6l). Amorpimnsniafes,m. sol. water, V. sol. 
iloohol and ethw. When boiled with water it 


exchanges d for OH. The K salt ie a red 
dye. 

(2, 8 ?)-Ohloro-oxy-(a) -naphthoquinone (S'), 
sttlphonic acid C„H,ClO,(OH)(SO,H). (211°!. 
From di-ohloro-naphthoquinone sudpnonic acid 
by displacing Cl by OH (Claus, J, pr. [2] 37, 
184). Cifrstals; y. soL water, si. soL edcohol, 
insol. ether. 

Salts.— The normal salts are yellowish-red, 
the basic salts are dark red.— Na^A" 2aq.— 
BaA" 2aq.-PbA".-AgjA"aq. 

Phenyl derivative 

C,oH,(SO,H)Cl(OPh)0,. [121°]. Formed by 
the addition of phenol and a small quantity 
of potash to a hot solution of t h e se d iom salt. 
C„H,(S0,Na)01(0Ph)0j(Ph0H).-BaA'j2Ph0H. 
Small needles (from water). — AgA'PhOH. 
Needles. Y. sol. not, si. sol. cold, water. 

Acetyl dsrivativs 0,JS,(SO,H)Cl(OAo)0,. 
Salts.— NaA' : bright yellow needles. The Ag, 
Pb and Ba salts form double salts with the pre- 
cipitant. 

GHLOBO-OX9^NIOOTINIC ACID 9 . OoLoao- 

OXT-PYBXDINE CARBOXYLIC ACID. 

DI-CHLOEO-DI-OXY-OCTANK 
C«H„CUOH)j. Formed by the action of ClOH 
on CH,:CMo.CH,.CHj.CMe:CH2 (Przybitek, B. 20, 
3239). 

di-chloeo-oxy-octoic acid C,H„C1,0, 

i.e. (C,H,Cl),C(OH).CO,H. Formed by the 
union of HCl with (0jH5)aC(0H).C02H obtained 
from oxalic ether and zinc allyl (Schatzky, 
/. B.17,73). Syrup. 

DI-OHLORO-HEXA-OXT-DIPHEirYL. 
Tetra-methyl ether, C„H„C1,0, As. 
C, ^H.^®l^(OH),{OMe)4. Di-chlaro-hydrocoeru- 
lignon. [220°]. From its acetyl derivative and 
alcoholic KOH (Hayduck, B, 9, 929). Small 
plates (from alcohol). M. sol. hot ^cohol.— 
C„IIhK^CI, 0, : needles. -BaA". 

Di -acetyl-derivative 
C,2H,Cl,(OAo)gjOMe)4. [172°]. From di-acetyl- 
ocerulignon ana PCI,. Small prisms. 

Uexa-methyl ether C,jH,Cl,(OMe),. 
From C,.iH,(OMe),and Cl (Ewald, B, 11, 1624). 
Needles (from alcohol). * 

Tetra-chloro-di-oxy-diphenyl C„H,C1,0, 
As. C,1I,CM0H).C,H,01,(0H). [233° uncor.]. 

From di-oxy-diphenyl ^n HOAo and Cl (Ma- 
gatti, B. 18, 227). Needles (from dilute alcohol). 
Fuming HNO, gives dark red insoluble scales of 
C,H,C1,.0 

Ooto-ohloro-dl-oxy-diphenyi C,,C1,(0H),. 
Per-chloro-diphenol [234°]. Prepared by heat- 
ing per-chloro-diphonyl with alcoholic NaOH 
at IbO" (Weber a. Sdllscher, B. 16, 883). Quad- 
ratic tables. Sol. benzene and alkalis. 

Di-methyl sf/is»*0„Cli(OMo),; [226°] | 
long white Heedles. . v 

Di-acetyl derivative 0„Gl,(OAo),t 
[194°] ; pointed crystals. 

OHDOBO-OXT-PHEITYL-OAEBAIIIO ACID. 

A.nhy<tridt *OA01<*[^>00. OarbonyU 
chloro-amido-phenol. [193°]. Formed by boil* 
ing with alcohol the |[(foduot 
{OfiiOl<^Q^^OO) of the action of bleacbui«* 
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OH£OB(KlXT-FHfillTt-CARBAM10 AGIO. 


powder (mO;a,<*'®>CO (Jeooby, /.pr. p] 

}7, 89). Flatei (trom water, HOAo, and beni- 
SL lol. bot water. Msv be Bublimed. 
Jf«o*i'-dl-ebloro-oxy-pbe& 7 l.oarbamio acid. 

inkyiirida C,H,CI1<^(5“>C0. (e).Oar. 

tonyt Moro-fHtnol Mvrimiie. [119°]! From 
the preoeding and ohlorine-water (Jaooby, J. pr. 
[9] 87| 40). Plates: m. sol. chloroform and 
benzene. Converted by boat into the following 
isomeride. Converted into the preceding body 
b^ boiling with aleobol. ether, water, aniline, 
di>metbyl>aniline, and pb^nyl-hydrazine. 

Di-efaflq H>^ "Pbenyl-earbamio acid. Anliy- 

ifidt OJH.cC^(f>o6. (a) - Carbonyl • di - 

chkro-aimdo-jphenol, [270^]. The chief product 
of the action of beat on the preceding, the fob 
lowing isomeride being also formed (J.). Prisms 
(from alcohol). May be sublimed. 

l)i-ehloro-ozy-phenyl.oarbamie acid. A n • 

hydrid$ OACl,<^^>CO! {&)-CarbonyU 

dl’Chloro-amido-phenol. [214®]. Formed as 
above. Keedles; v. e. sol. alcohol, ether, and 
HOAo; m. sol. water. Sublimes in needles. 
Trl-obloro>ozy-plienyl-carbamio acid. An~ 

hydridt G,H,Cl.<^^'>CO. («) -Oarbonyl-di- 
ehloro-phenol chlorimide^ [o. 147®]. From 
C^Cl^^^^OO and a solution of bleaching- 

powder (Jacoby, J. pr. [2] 37, 46). 

Tri-cnlorO'Ozy-pnenyl-carbamic acid. An* 

hydridt CACl<*o‘>CO. [89°]. (9), Car- 


bonyl • di • chloro -phetwl chlorimide. From 
O^dj^^^CO in HOAo by adding a solu- 
tion of bleaebing-powder (J.). Needles; sol. 

water. 

Til-ehloxtM)zy-pbenyl*carbainic acid. An- 
hydridt 0,PC1,<*^0 >00. Carionyl ■ bri- 
chloro^mido-phenol, [262®]. Formed from 
OJBC^^^^CO in HOAc by chlorination and 


sobaeqnent decomposition of the product by 
bofling alcohol (J.). Ndbdles, si. sol. alcohol, 
HOAo, and water. Sublimes in plates. 

Tttra-ekloro-ozy-pbenyl'oarbamio acid. 

Anhfdridt C,a.<*{f>CO. Carbmyl- 
[o. 222^°]. Formed 
by hMtillg O.H«.<*’^>CO which is ob- 
tained by treating *a solution of the preceding in 
HOAo with bleaohing-powder (Jacoby, J. pr. [2^ 
87, 48). White crystalline sublimate; si. sol. 
water; m. soL alcohol an£ HOAo ; v. sol. ether 
and benaene. Oonverted by bleaohihg-powder 

Ibliitioiimio 0 g 0 l 4<^®>00 whence it is re- 


feneraied b; 
TBI-Of 



Di-aeetyl derinative 
C 01 ,.OH{ 0 ,H 40 Ao),. [138®]. Needles. 

DI * CHLOBO . OXY * PHENYL - HETHYt . 
PYBAZOLE 0,;E[,Na001, ♦.«. 

Ph.N<^7^^ . [61°]. ‘obtained by pass- 
ing chlorine into oxy-phenyl-methyl-pyrazole 
dissolved in chloroform (Knorr, A. 238, 178J;^ 
Crystalline mass, volatile with steam, in^I 
water and alkalis, sol. alcohol dfcd ether. Re- 
duced by Sn^and HCl to oxy-phenyl-methyl- 
pyrazole. f 

/3-CHL0R0-(a).0XY - PHENYL - PROPIONIC 
ACID C,H,C10, U. Ph.CH(OH).OHCl.CO.,H 
[104°]. From sodic cinpamate, sodio carbonate 
and chlorine (Glaser, A. 147,^0 ; 219, 188) or 
better, from potassio oinnamate and HOlO 
(Rrlenmeyer a. Lipp.^A. 219, 184). Slender 
six-sided laminte (containing aq). Melts, in 
the hydrated condition, at 80°. M. sol. c^d 
water. 

Reactions.— 1. Alkalis forfo so-called /3-oxy- 
phenyl-cinnamio acid which is probably the 
anhydride of ojS-di-oxy-phenyl-propionio acid 

(Erlenmeyer, B. 20, 2465), 

C.HyCH . CH.CO,H 

and ajS-di-oxy-phenyl-propionio acid.— 2. So- 
dium amalqam forms j8-oxy-phenyl-propionio 
acid.— 3. Fuming HCl pHiduces a)3-di-ohloro- 
phenyl-propionio acid. — 4. Boiling with Ao,0 
gives a-chloro-cinnaraio acid. 

S a 1 1.— AgA': crystalline powder. 
a-Chloro-i8-oxy-phenyl-propionie acid 
C,Hj.CH(OH).CHCl.CO,^. From o/S-di-oxy. 
phenyl-propionic acid and HOI (Lesohhorn, 
Dissert. Wurzburg, 1884). Formed also by the 


0 

action of HCl on O.Hi.tlH.CH.COaH, which is 
obtained by treating the preceding acid with 
alkalis (Erlenmeyer, jun., B. 20, 2466). • 

Chloro-oxy-a-phenyl-propionic acid C ^CIO,. 
Chloro-iropic acid. [130°]. From atropio acid 
and aqueous ClOH (Ladenburg, A. 217, 110). 
Crystals ; v. e. sol. water. Zinc-dust and iron 
filings in HOAo convert it into tropic acid. 

{Py. 1:4:2) - CHLOEO - OXY- PHENYL - ISO - 
QUINOLINE C,jH„ClNO ♦.«. 

XChCPh XCl : OPh 

C,HX I or C^X I . 

\C0.*NH \C(OH);N 

Chloro-isobenzalphthalimidtne. [212®]. Formed 
by beating chloro-metboxy-phenyMsoquinol- 
ine [f6°] with fhming HOI at 100°. Silky 
needles. Y. sol. benzene, chloroform, and aoetio 
acid, m. soL cold alcobbl and ethe^ (Giibriel, B» 
19, 2368). • • 

Msthyl vdsrivative OifHi^NOOl is* 

< CCl : CPh t 

I . [76°]. Formed J>y heating 
C(OMe):N 

di-chloro-phenyl-isoquinoline with a solution 
sodium in methyl aleohol at ^0*. Colourless 
needles. V . sol. ether, oblorofonn, benzene, and 
aoetio add. Very weak base.* By heating with 
fuming HOI at 100° it yields ohloro-oxy-phenyl. 
isoquinoline (ohloro-lsobenzdphthalimidnif) aii4, 
methyl ohlorlde (Gabriel, B. 19, 2357). 



TM-OHU>R6-OXY-rEOtYL-AClUDlNE, W» 


TBm - OHlOaO - DI . 0X7 • DI - PHENYL ] 
lOlPKONI C,ACl,80,-i.«. SO,(C.H,CVOH).. 
r289^. RQ.“ 1-777. From BO,(C^rOH)„ 
KGlOat and «HC1 (Annaheim, A, 172, 88 ; B. 9, 
1160). Itoedlee oi^ prisms. Insol. water, v. si. 
sol. cold uoohol. 0 

DI - OHLOBO - DI . OXY • DI - PHENYL - 
THIODBEA. Di-methyl ether 
-mNH.O,H,Cl(OMe)),. [163°]. From ohloro- 
amsidine, aloolml, and CSj. White needles, sol. 
alcohol and ether (Herold, B, 16, 1687). 

CHLOBO-OXY-^IOOLINIC ACH) «. Chlobo- 

OXT'PTBiniNB CABBOXTLIO ACID. 


CHLOBO-OXY.PBOFANE 8ULPH0NIC ACID 
C,H.01S0, ».«. CH.,C1.0H(OH).CH,.SO,H. From 
epiclxlorhydrin%iniNa.^SO, at 100° (Uarmstadtor, 

A. 148, 126). Syrup.—NaA' 2aq : monoclinic 
crystals.— NaA' aq : trimetrio tables. -NaA'-laq 
(Pazschke, J.pr. [2] 1, 94).— CaA',6aq.— BaA'jaq. 
PbA', 2aq.— AgA^3aq. 

V-CHLOBO-a-OXY.PBOPIONIC ACID 
CH,Cl.CH(OH)CO^. Chloro-lactic a^id. [78°]. 

Formation. — 1. From chloro-acetio aldehyde 
by treatment with HCN and HCl (Glinsky, Z. 
1870, 616 ; Frank, A. 20G, 344).— 2. Together 
with its isomeride by the union of HOGl with 
acrylic acid in aqueous solution at 0° (MelikolT, 

B. 13, 2163). 

Preparation.— Epichlorhydrin (6 g.) is heated 
with (20 g. of) nitric ^cid (S.G. 1*38) on a water 
bath until the odour of chloropicrin is perceived. 
The product is poured into water and extracted 
with ether. On evaporation this loaves an oil 
that solidifies over H^SO^ (v. Richter, J.pr. 128, 
193). 

Properties.— Fht, deliquescent prisms. V. 
sol. water, alcohol, and ether. Cannot bo dis- 
tilled. Moist Ag,p converts it into glyceric acid. 
When heated with water it splits up into alde- 
hyde, COj, and HCl (Er^nmeyer, B. 13, 309). 

Sal 1 8.— CaA'j 8aq.— ZnA'^ 3aq.— Mn 3aq. 

CuAV— AgA'. • 

Methyl ether MeA': (180°); liquid. 

Ethyl ether EtA'. [37°]. *(205°). 

a.Chloro-/3-oxy-propionio acid 
CH,OH.CHCl.CO,U. 

Formation.— I . From glyceric acid and HCl 
(Werigo a. Melikoff, B. 12, 178). — 2. From 
acrylic aoid and HOCl.~3. By tlie action of 
water on aD-di-chloro-propionic acid (Melikoff, 
B. 12,2227).— 4. From oxy-acrylio acid and HCl 
(Melikoff, B. 13, 278). 

Proper/tea.— Syrup. V. sol. wateiH alcohol, 
and ether. Converted by moist Ag^O into gly- 
ceric acid, and by aloohoUo KOH into oxy -acrylic 
acid. Cone. HCl forms, at 100°, o3-di-olJoro- 
propionio aoid [60°]. Zino and dilifte H^SO, 
reduce it|^ hydraorylio aftid (Melikoff, J. B. 13, 

Salt.— zA',: hygroscopic guipmy mass. 

Di-ohloro-o^y-propionio aoid 
CHCarCH(OH).CO^. [77°]. From di-ohloro- 
acetic aldehyde, HCN, and HCl ^rimaux a. 
Adam, B, 10, 008 ; Bl [2] 84, 29). Heliouescent 
tablet ; t« e. vaol water, ^cohol, and ether. 
Beduoea amtimniiafl AgNO,. 

XthyletherWU!, (220°). From the aoid. 
Also from tri-ohloro-oxy-propionio ether in aloo- 
holio idntion, by treatment with lino, and HOI 
(FiQ&eri.Biiohoff,i.l79,88). 


Tri-chloro-oxy-propionlc Bold 
CCla.CH(OH).CO,H. TrUhloro-lactic acid. 
[106°-110°]. From its nitrile by HOI (Pinner, 
A. 179, 79 ; B. 17, 1997). Prisms ; sol. ether. 
Split up by alkalis into chloral and formic aoid. 

Bcactions.—l. With strong aqueous NH, it 
gives glvoosine. — 2. With hydroxylamine it 
yields giyoxim.— 3. With phmyUhydrazine it 
yields glyoxal-di- phenyl -hydrazide. — 4. With 
urea and a little water it gives acetylene-urea 
.NH.CH.NHv 

C^H^N^Oj t.«. 

17, 1997).— 5. Fusion with urea forms some uric 
aoid (Horbaezewski, M. 8, 684). _ 

Salts.— NH,A'.—KA': prisiflffT"* 

Ethyl ether [67°]. (o.235°). Formed 
by heating ohloralido with alcohol [Wallach, A. 
193, 8). 

Preparation.— Chloral-hydrate is converted 
into its oyanhydrin by mixing with strong HCN, 
and after 24 hrs. standing the mixture is digested 
on the water-batb for 4-6 hrs. and evaporated. 
The crystalline cyanhydrin is dissolved in one- 
third its weight of alcohol and HOI gas led into 
the boiling solution. When the reaction is com- 
plete the ether is precipitated by water, and 
solidifies on cooling ; the yield is 90 p.o. of the 
theoretical (Pinner, B. 18, 764). 

Properties. — Insol. water. Converted by 
alkalis into tartronio acid. Zino and HCl reduce 
it, in alcoholic solution, to di-chloro-oxy-propionio 
acid. 

Acetyl derivative CCl,.CH(OAo}.C02H. 

[65°]. 

Tri-chloro-ethylidene ether v. Chlo- 

RALIDi. 

Tri-hromo-ethylidene ether 
CBr,.CH<^-^^>CH.CCl,. [149°] (Wallach, A. 


193, 1). 

Amide CCl,.CH(OH).CONH,. [96°]. Prom 
the nitrile, HOAc, and II SO, (Pinner a. Fuchs, 
B. 10, 1061). Slender needles; v. sol. cold water. 
Acetyl derivative CCl,.CH(OAc).CO.NH, 
[95°]. 

Nitrile CCl,.CH(OH).CN. [61°]. (o.‘5l8°). 
From chloral and HCN (Hagemann, B. 6, 151 ; 
Pinner a. Bischoff, A. 179, 77 ; 17, 1997). Tri- 
metrio tables (from CSjf. V. soL water, alcohol, 
and ether. Beactions. — 1. Alkalis split it up into 
chloroform, HOy, and formic acid. — 2. Ammonia 
foims di-chloro-aoetamide. — 3. Heat^ with 
urea it yields tri - ohloro - ethylidene • di - ureide 
CCl,.CH(NH.CO.NH,), as]' chief product, and 
biuret as a by-product (Pinnv a. Lifschiitz, B. 
20,^345). 

Acetyl derivative OCl|.0(OAc).CN. [31°]. 

INE 0„H„0NC1, aH. 

i,. N— 0:OH,OH(OH).COI.(7). 

Yh. 

Methyl-aeridinfi chloral. Formed by warming 
(A.).methyl-aoridine (60g.) suspended in benzene 
*600 g.) with anhydrom chloral (70«.) t at 70°- 
/6° the product separates as a sandy pn.j the 
yield is nearly theolfftical. Yellow needles or 
prisms. Above 200° ib is again molted into 



i&flBQd**oridili0 aqd chloral. SL'^aoI. all (urdi* 
fts basic properties are very slight, 
rhc jKMStioii in ooQo. has a Bplcndid 

flnoresoenoe. By alkalis it is 
pfxtIaBj laaolved into methyl.aoridine and ohlo- 
nl» and partly converted into aoiidyl-acrylic aold 
OiAi*^'vlH!GE[.CO,H whence ^nO. produces 
O^OFO 

aoiidanef^i.)^dehyde OJBy \ \OA 

(Bemthsen a. Mohlert, B. 20, 1542). 

l>I.OHIiOBO.OZT.F7BI])IN£ C*H,(OH)CiaN 
Q78®]. formed by heating the ethyl ether with 
flCl (Koenin a. Geigy, B. 17, 1834). Colourless 
Ofystals. v. sol hot water. 

Stkjf^Ukir 04H,(0Et)CI^: [8^; white 
amtals; focmed by heating tri-ohlorb pyridine { 
with sodium ethylate. 

CHI0R0.(7).0XY.PYWDINE CARBOXYLIC 




thyl-pyridine OJ 

lOst, J.pr, [2] 27, 267). * 

IVo^tte4.~Felt-work of fine needle* 
taining aq) (from water), or else u sdiail hui 
prisms. Decomposes about 282°. Not attacked 
by Sn and Hd or by aqueooa HL fteduced by 
HI in glacH;! aoetio acia to (a)>oxy>piooUnio acid. 

Salts. — Mostly solnble, except the oaloium 
salt, CaA'„ which is but slightly soluble, although 
it is more soluble than the acid. Separata^ 
spontaneous evaporation ai silrery stars. 

OHIOBO.OXY.PYROTABTARIO ACID 
CjHjCIO,. ^Ohhro-cUramdl^ aeid. [100°j. 

Formatim.—L ¥tom oitraoonates and HCUC 
(Oarius, A. 126, 204),— X Ptom oitra- or mesa 
di'ohloro-pyrotartaric acid by warming wiil 
Morawski, J. w 
ujie 


[2J 10, 68; 11, 466).— 8. By passing ohJoj, _ 

y., , iuto an aqueous solution of so^om meiaconate 

ACID <y3[,CIIN(OH)(COaH). Chlaro-oxy-picolinic (Morawski, J.pr, [2J‘12, 392), 
aeid, 8. 4 at 100°. Prqper/tVs.— Trimetrio ci 


i¥^mticfi.r--Clomenamioaoid(q.«.|i8heated 
with P01« (6 equivalents) in a sealea tube at 
220°. The product is pooreL into water at 0°. 
The oil that separates is extracted with hot 
water and the extract evaporated to orystallisa- 
tion. The omtals are dbisolved in a little hot 
water and is added : ammonic comenate se- 
parates and calcic chloride is then added to the 
mtrate. Calcic chloro-oxy-methyl pyridine car* 
boxylate crystallises out slowly (Bellmann, J. pr, 
[2] 29, 8). 

iVop(»rti«s.~Pointed needles (containing aq). 
InaoL ^d water, ether, chloroform, and bens* 
ene. Sol. aloohol and acids. 

JReocftcns.— 1. F^Cl, gives a brown pp. sol. 
excess. — 2. AgKO, gives a bulky white gp. soon 
becoming granular.— 8. Reduced by Sn and HCI 
toj7)*o^*pyridine carboxylic acid (('y)-oxy-pico- 

Salta. — B'HCL Very soluble pointed needles. 
GaA', aq. Got by adding CaCl, to a solution of 
the acid nearly neutralised by NH,. M. sol. 

water.— CyE^ClN • Got by adding 

Oa01, <ip a solution of the acid quite neutralised 

Ohloro-oxy.pyridiAi carboxylic acid | 

l\ELCAN(OH)CO^. ChJoro-oxy-picolinic aeid. 
[e. 267*]. Obtamed ky heating penta-chloro- 
meihjlmidihe C^C1^.CC1, with (Ost, 
J» pr* jC2] 27, 267). Thick needles (containing 
aq). Bednoed by HI in aoetio acid to (8)-oxy- 
pMoIinie add. 

Salt-OaA'.dnq. 

Oh]ere*oxj*nfridlne carboxylic acid 
OAf^(GH).^,EL Ckloro-axypieoUmcaeid. 
Obtained the action of ELS04 on penta>ohloro* 
methyl-pyridine obtained by treating picolinio 
add with PCX (Seyfferth, J, pr, [21 84, 214). 
dusters of needles. Does not melt below 815°. 
SL sd. cold water* not combine with HCL 

CUqro-oxy-pyridine earboxylio acid 
CUBL^(0H)00^ Chhro-oajy^ieotinic aeid, 
(llOSn. Pkom niootimo add by suooessive treat* 
BMttt with POL and EJ3O4. Monodinio priims 
(B-). 

Bt-euero-oicr-Pfiidine earboxyUe aeU 

JH-ekhro-ovy-ptooiMa 

hotfag bcsa-ohlofo-me* 


oryitals. Water at 
120° converts it into di-oxy-pyrotartariov^id 
and acetone. ^ 

Salts. — BaA'' 4aq: monodinio tables, v. sL 
sol. cold water.— PbA"4aq.—Ag^". 

Chloro-oxy-pyrotartaric acid C*H,OIOh 
Hydro~chl(>ro--oTy^itraeomc acid. [162°J. From 
oxy-citraconio acid and fuming HCI at 120° (Mo* 
rawski, J. pr. [2] 11, 443). Plates. Split up by 
bases into HOi and oxy-dtraoonio acid. Sodium 
amalgam reduces it to ozy-pyrotartario acid o.v. 

CHLORO-OXY-QUINOMe CLH.NOC1 U 
XH;CH 

N (!jOC 1 Formed by the action 

of bleaching powder solution on the borate of 
quinoline (Einhom a. Lauoh, A. 248, 843), 
White prismatic needles. Sol. hot water, aoetio 
ether, EOAo. 

Reactions.— 1. Boiled in an alkaline solution 
carbostyrU is formed.£-2. PCI, forms {Py. 8) 
ohloro-quinoline. — 8. Boiled with aloohol p* 
cbloro-oarbostyril [268°] is fortned. 

(B. 2)-0hloro-(l^. 3)*oxy*qTunollne • 
CCl;CH.O.CH:Cfl 

(Ih:Oh1k: 

Formed by treating the following body with 
alkalis, and, by intramolecular change, from the 
preceding body. When its alkaline solution 
mixed with NaOCl is treated with 00, the fol- 
lowing body is ppd. KMnO, gives p-chZom* 
isaUn [248°]. 

(B. Py. 8)-Dl-chlcro*(jPy. 8)*o^*qttincline 
CCI:CH.O.OH:CH 

2)-d)loro*quinoline and bleaching powder 
(Einhom a. Lauoh, A. 248, 868). Pji^tea (from 
mOAo) or needles (from E^OAo). Bimorraoui. 
Boiling alkalis give ohloro-oarb^tyril [2^°]. 

Chloro-oxy-qninoline 0. CHLOBo-oAuosTTBZifc 

Tri-«Uoro.oxy.qainolineC»]^Gl,ON. {^°]. 
Prepared by pasdng chlorine for 6 hours into a 
solution of quinoline in dilute acetic acid. The 

S roduet is nystallised hrom aleohd. ^ yield 
\ I6p.e., most of Che quinplbeMng leoovend. 
Thin matted needle*, soy>ens«ne, dtoofmm, 
and idooboL Bednoed by HI tt 260° to oxy* 
qninolinf, which Is found to ho (^. Ihm' 

quinoline (I.B(dMA;pr.0Q29i9OO}f . 





:i^is4>*om.oBo.ozY.zioQunroLiinB 

.CH;'C01 .OH:CCl 

ni20^. Fine needles. V. sol. ordinary solvents. 
bisBolv^in diliile NaOH. Formed as a by- 
product in the action of aleoholic^OH upon di- 
oldoro-isoquinoline. Obtained by the action of 
dty HCl gas at o. 150° upon {Py. 2:4)-ohloro- 

W xH-=cca 

methoxy-isodcrinoline O.H 4 Q I . On 

\c( 0 }fe);N 

methylation with Mel and methyl alcoholic EOH, 
it is converted into {Py. 9:4:8) -oh|oro-oxy -me- 
^CH :001 

thyl-isoquinoline I , isomeric with 

the above chloro-methoxy-isoquinoline (Gabriel, 
B. 19, 2360). , 

XH— <30 

Methyl dsrivative I . 

• \C(OMe):N 

[74°]. Formed bp heating di-chloro-isoquinoline 
with a solution of sodium in methyl alcohol, at 
100°. Thick needles. V. sol. alcohol, ether, Ac. 
By digestion with fuming HCl at 100° it is con- 
verted into the imide of phenyl-acetio-o-carboxy- 
yCHj.CO 

lie acid G«H 4 ^ | (di-oxy-isoquinoline). By 

\ CO.NH 

dry HCl at 160° it if converted into chloro-oxy- 
isoqninoline (Gabriel, B. 19, 2359). 

< 0H=C01 
I . 

0(OEt):N 

[87°]. Formed by heating di-chloro-isoquinoiine 
with alcoholic sodium ethylate at 100°. Long 
needles. Y. sol. ordinary solvents (Gabriel, B. 
19, 2368). 

(Pv. 4:2)-Chloro-oxy-i6oqnlnoline G,H,C1N0 
XH:C(OH) • * XH,.CO 

I Oii0^,<r I [197°]. 
\CC1;N 

Foitned m a by-product in th^ preparation of | 
di-chloro-isoqninoline by the action of FOCI, at 
160^-170° upon the imide of phenyl-acetic -o- 
.0H,.00 

carboxylic acid J^^(di.<«y.isoquino- 

line). Long thick needles, or colourless plates. 
If. sol. hot alcohol, si. sol. ether, cold acetic acid, 
hot benzene, and chloroform. 

Methyl derivative CA(OH|)NO : [67°]. 
Small white crystals ; v. sol. alcohol, «ther, Ac., 
insol. alkalis. Formed by heating ohloro-oxy- 
isoquinoline with Mel and methyl « alcoholic 
EOH (Gabriel, B. 19, 2356). • , 

Di-otiloro-oxy*i 8 oquino]^e (?) * 

^ •.OO.CHOl 

0 , 6401^0 pmbablyO,HZ I . Formed by 


hei^ting hipmulc add with POl,. By further 
action of POi, it ii converted into a body 
CWNOI 4 , [184°] (Rdgheimer, B. 19, 1169} </. 
Schwanert, i, 112 , 69). 

Di.«.oHX4Bo.Bi-om gtmrovB 


aoi,(dH),0^:|f9:5;8:6]. OhIorwUUe aeid 
(Hantssoh, £ 20, U08, 2279). 

' PomuiMofk-*-!, By ditsuving tctri-ehloro- 
^inoQC (cblofanil) in dUnto aoMou XOH 
(ErdmaaB* 12 , 821t V* 4* 


8ttp^ 8 , 14).— 3. By the aotloa of MMh M 
tri-cnloro-quinone (Graebe, i/146, 34).' * 

Prqpefties.— Glittering red plates (containing 
aq). Ma^ be partially sublimed. Its Mueoos 
solution IS violet,, but decolourised by HOI of 
H,B 04 , by which it is ppd. 

B^fions.— 1. Reduced by tin and HCl to 
di-ohldro-tetra-oxy -benzene.— 2 . PCI, forms 
tetra-chloro-quinone.— 8 . By treatment with bro- 
mine it is converted into di-ohloro-tetra-bromo- 
acetone CBr,Cl.CO.CBr,Cl [79°] (Levy a. Jedlidka, 
B. 20, 2318; c/. Stenhouse, A. Supyl. 8 , 17).— 
4. HCl and KCIO, form tetra-ohlqro-acetone 
CHCl,.CO.CHCl 2 , which crystallises with 4aq 
[49°] (Levy a. Jedlidka, B. 21, 818).— 6. Am- 
monia forms C,ClaG,(NHJ (OEff^Sa? crystal- 
lising in black needles and forming the salts 
C 4 Cl,Oa(NHj)(ONH 4 ) 4aq and C,CljO,(NH,)(OAg). 
6 . A small quantity of SQ, forms tetra-chloro- 
tetra-oxy-quinhydrone C, 2 H,Cl 40 „ crystallising 
in black needles. 

Salts.— E 2 C,Cl 204 a^ : purple prisms, form- 
ing a purple golotion in water or alcohol. — 
Na 2 A" 4 aq: dark crimson needles (Hesse, A. 
114, 304).— BaA"3aq; red-brown scales.- AgjA": 
red pp. 

Di-ethyl ether Et,C,Cl 204 . Bed prisms 
(from alcohol). 

CHLOBODI-OXT-QtTIHONE BT7LFH0HI0 
ACID C,H,ClSO, U. C,Cl(OH)20,(SO,H). 
Potassium salt C,C 1 ( 0 E) 202 |S 0 ^E) 2aq. 
From tri-chloro-hydroquinone sulpnomc acid 
and EOH (Gresbe, A. 146, 65). Bed needles; 
V. sol. water, insol. alcohol. With HCl it gives 
yel)owlamin(oofC,Cn(OH),0|(80,E), decolourised 
by tin ana HCl. 

m-p- CHIORO-DI-p-OXT-TEBSFHTHAUO 
ACID C,Ck(OH),(CO^^[l:i:2:6:3:6]. Prom the 
colourless ether (v. infra) and cone, aqueous 
NaOH at 100°. Greenish-yellow needles (con- 
taining 2 aq). Stable in the air, but eCQoresces 
over H 2 SO 4 into the white anhydrous pseudo- 
form (di-c^ro-quinone di-hydro-di-carboxylic 
acid) which is reconverted into the unstable form 
by heating with aqueous NaOH. 

Ethyl ether. Di-ckhro-hydroqdin^-di- 
carboxylic ether. [123°]. Formed by reduction 
of di • ohloro - quinone • di - carboxylic ether 
CfClfOjiCOsEt), with yno-dust and acetic acid. 
Long thin colourless needles.’ Y. sol. ether. 
By melting and quick cooling it is converted 
into yellowish-green diohroio tables, which are 
probably the pseudo-form G,H 2 Gl 20 .(C 0 .EtL 
(di-chloro-quinone-di-hydiD'di-oarboxylio ether); 
this is unstable, and by a gentle warming is con- 
verted back into the coloorI|ws needles of the 
stable form (Hantisch a. iMokendorf, B. 20, 
1812). 

• CHLOBO-OXT-THTMOQDIHONE 
C„H„(0H)C10, 0,Cl(CH,)(0,H,)02(0Hk 

[123°]. Fmm di-nitnmhyrnol by treatment with 
PCI,, theonloro-di-nitro-thymol so formed being 
reduced by tin and HOI and the resulting 
amido- eomponnd oxidised by CrOt (Ladenburg 
a. Engelbr^t, B. 10, 1218). Lemcm-yellow 
prisms (from tioohol). Beadily sublimes. Its 
alkal^ ae solutions are violet Boiling with KOH 
converts it into di-oxy-thymoquinone. . 

’ OHIOBO-OXT-TOLDOABBOISXia 

OsLOBO-M^-ioTm-qonofn 



08LOBO.OXT.TOLTJ!K01l(0Lnn& o. Cbioro. 

m-]imTXrQiniioi.i]ni. 

BUHLOaO J>I.<>XT.mTraTIlKONE (?) 
cwvy, ie. 0,CMIe(OH)0^ [167®]. From 
Iri4oloro>oroin and alkaline ^FeGy, (Stenhouse 
a. Qroves, B. 18, 1806). Deep yellow scales 
(troDi water). Bl. sol. water, v. sol. alcohol. 
Bedneed by SO, to colourless G,H,GlaOf, which 
on oxidation gives purplish-brown crystals of a 
qninhydrone. A. di-ohloro-di-oxy>toluquinone 
hM been described by Brauningor {A. 185, 339) 
ee obtidned from beech-wood creosote by treat- 
■Mnl with KCIO, and HGl ; the resulting tetra- 
eUoro-tolnquinone being r^uced by SO, to the 
lelin« chlaro- hydrotolnguftione, whence dilute 
KOHforms di^Bloro-di-oxy-toluquinone,a brick- 


rbd crystalline powder. 

DI-CHLOBO-DI-OXY-DI-o-TOLYL-P^EA- 

0,H,.N-CG1.C0 

nVX III- POn. Fromdi-oxy- 
C0.CC1.N.G,H, 

di-tcdyl-pyrazine dihydride and PCI, (Abenius a. 
^immann, B. 21, 1662). r 
CHEOBO^XY-VALEBIC ACID 
(VH,01(OH).OHrGO,H. Obtained by oxidising 
chloro-allyl-propyl alcohol by chromic mixture 
(Lopatkin, J.pr. [2] 30, 80Q). Grystalline. 
Balts.— BaA',8aq.—NaA' aq. 
y4Siloro-7'-ozy«yalerie acid 
Lacfowe. 0,H,0,0l U GH,.CC1.CH,.OH,.CO.O 

(80®-82®) M 10 mm. Got by passing HCl into 
fa)-angelico-laetone. Decomposed by water into 
V Hpi and levuUo acid. On distillation it splits 
np into HGl and (^)-angelico-lactone. Bromine 
eonverts title laotone into brominated bodies, 
vdience water forms a great deal of ^-biflmo- 
levnlic acid and some bromo-levulic acid (Wolff, 
A, 229,249). 

Chloro-oxy-valerie acid O^H^GIO, i.e. 
0HrCHCl.GMe(0H).0O,H. [76°]. Formed, 
together with its isomeride, by the union of 
tiglio aoid with HOGl (Idelikofif, A. 234, 225 j 
BL [2] 47, 166). Needles, sol. water, alcohol, 
bnd ethei^. Alcoholic EOH converts it into butyl- 
«ne onide oarboxylio (di-methyl-glycidio) acid 


0 

OH,.CH.OB^^GO,H r62°l-. whence HGl repro- 
dnoes the origin^ acid [76°]. 

8 alia .— ZnAV— CaA', : prisma. 
Chlcro-oxy-valerio acid 

CH,.CH(OH).GMeGl.GO,H. [112°]. Formed, 
together wi^ the preceding, by the union of 
HOCl with tiglic |cid (M.). Prisms; v. sol. 
water, alcohc^ and ether. Alcoholic KOH con- 
verts it into the same butylene oxide carboxylic 
aoid as the preceding. 

Salts.— These are gummy masses.— ZttAV'~<j> 
GaA',.— BaAV 

Yri-ohloroloxy-Talerle aoid 
CHrCHCaXIClrOH(OH).00,H. [140°]. Pre- 
parM by boiling with HGl the compound of tri- 
^OM-batyrie aldehyde with HGN (Pinner a. 
Klein, B. 11. 1492 ; A. 179, 99). Tr^metrio tables, 
V. sol aloohoU ether, and hot water. 

Salta.— BaA'at* ctyatala.— PbA', ■ amor- 




.. .llV) ... BU'- (Wt- 

.prisms. AloohoUfiNBieuuTertiitintoOaHirClN/) 


(7 amide o! ohloTo-imido.atigend 
whenoe boiling aloohol produces ^ < 

Aottyl derivative 
Slender needles. • 

Tri-ehloro-ethylidene ether 

COI,CH<g o5^H.C01,.OH8l.CH,. * t87°l. 
(297°). From the aoid and chloral at 175° 
(Wallach, A. 193,87). Thick crystals (from 
chloroform) ; explodes when struck. ^ 

A mide GH,.GHGl.GCl,.GH(OH).GO.Nn, 
[119°]. SL sql. water and GgH,, v. sol. alcohol 
and ether. Prepared by the^ction of strong 
H2SO4 on the nitrile (Pinner a. Klein, B. 11, 
1190). 

27ifr»ZeGH,.GHGl.GG4.GH(OH).ON.Bwf//f. 
chloral ajanhydrin. [102 ]. 1(o. !&30°). From 
tri-ohloro-butyrio ovthaldehyde, alcohol, and 
oono. HCyAq. Leaflets (from dilute HClAq) | 
m. sol. cold water, v. sol. ^cohol. Converted bj 
alcoholic NH, into the amide of (j8)-ohloro-oro 
tonic acid. Urea gives chloro-orotonyl-urft 
C,H.CI.CONH.CO.NH,and butyro-ohloral biuret. 

Acetyl derivative of the nitrile 
CH,.CHCI.CCl,.CH(OAc).CN. (240°-252°). From 
the nitrile and AcCl. Yellowish oil. 

TETBA-CHLOaO-w.DI-OXY-XYLENE. An 

hydride C^H^Cl^O t.c. C4Cl,<^g*>0. [218°]. 

From tetra-chloro-phthalic aoid (7-7 g.), cone. 
HI (3*5 C.O.) and red phospiiorus (2 g.) at 230° 
(Graebe, A. 238, 831). Needles (from toluene). 
SI. sol. hoi alcohol, m. sol. hot benzene or HOAc. 
Insol. boiling alkalis. 

GHLOKO-PEKTANE v. Amtl chloridx. 
Di-chloro.pentane C^HuCl;,. Amylene chloride. 
(145°). S.G. 2 1-22 ; fi 1*058. From crude amyl- 
ene and PCi^ (Guthrie, C. J. 14, 128; A. 121, 
116) or Cl, the temperature being first at - 15°, 
afterwards boiling (Bauer, Z. [2] 4, 380, 667 ; cf. 
Kondakoff, C. C. 1887, 9f9). 

Di - chloro - pentane (Cnj).XJH.CH2.CHCl,. 
Isoamylidene cl^ide. (130'^). S.G. ** 1*05. 
From isovalerio-oldehydo and PCI., (Ebersbdoh, 

A. 106, 265). KOH gives (CH,),CH.CH:CHC1 
(86°) and (CH,),CH.CjCH (Bruylants, B. 8,418). 

aa-Di-oiiloro-pentanoCH,.CiL.CH.-GCl2.CH,. 
From methyl propyl ketone and PClj (Bruylants, 

B. 8, 411). Liquid; decomposed by distilla- 
tion. Dry KOH forms CH,.CH.,.CH2.C:CH. Al- 
cohoUc KOH forms CH,.CH,.CH,.CCl:CH, (96°) 
and CH,.C1C.C2H» (Favorsky, Bl. [2] 45, 247). 

Di-ehloro-pentane CjH^Cl,. (166°-160°). 
S.G. ® 1*19. Formed by chlorination of ordinary 
amyl chloride (Buff, A. 148, 850). 

Di-ehloro-pentane CjH,„Clj. (161°). From 
valery^ne and HGl at 100° (Eeboul, Z. 1867, 
173). HeaVy oil. 

Tri-cbloro-pentana «OJ^Cl,. (181gr-190°), 
8.G. u 1'33. By chlorinationcof o|piu^ amyl 
chloride (Buff,*i. 148, 860). A crystalline tri- 
chloro-pontane is formed (160°-!^°) by chlori- 
nating crude amylene (Bauer, /. jpr. 100, 42). 

Tetra-ehloro-pentane GilLGL. (240°). S.G. 
s 1*429. From amylene and Cn (Bauer, J.pr. 
100, 48). ^ t 

Penta- and Eexa-ehloro-peBtanes have been 
obtained by Spring a. Leorenkir (Bl. [2] 48, 628) 
by chlorinating isoamyl mercapton. 

OELOBO^-PEHTAXI sfePHOITIO im 
Ftomiaopentanaiolphonio 



OHIORO-PHENOL. 
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and 01 in roiuihine or, in preienoe of iodine, at 
180'* (Spring a. Winssinger, B. 17, 637 ; Bl. [2] 
41 , 801 ).-BaAV 

OHLORO JPENTENOIC ACID o. Chlobo-anob- 
uo ACID tnd Chlobo-tkilio loin. 

CHLOBO.PENTEKTL ALCOHiXL 
CH,.CH:CC1.0HMe.OH. MethyUhloro-allyl 
arhinol (169°) at 726 mm. S.G. 1-0882. 
/.D. 4*09 (Theory 4*17). From tri-ohloro-amyl- 
aloohol C^B[^Clg.CHMe.OH, finely divided iron, 
and acetic acid (GarzaroUi-Thurilaokh, A. 223, 
164), or zinc-dust and dilute HCl. Colourless 
mobile liquid with pungent smell, faintly soluble 
in water, soluble in ether, CS,, and chloroform. 
Combines witjj bromine. Acetic acid is among 
the products of oxidation by chromic mixture. 

Acetyl derivative CjHgAoClO. (173°) at 
736 mm. V.D. 6-73 (foi 6-66). Does not com- 
bine with bromine. 

^ PEB-CHLORO-PENTINENB OgCl,. Per- 
chloromecylene. J89°]. From comenic acid and 
PClj at 280° (Gift, J. pr. [2] 27, 293). Prisms 
(from alcohol); smells like camphor. Begins 
to distil with decomposition at 270°. 

UHLORO-PHENANTHRENE v. Phenan- 

THRENB. 

CHLORO-PHENETOL v. Ethyl ether of 
Chlobo-phenol. 

o-CHLORO-PHENOL CgH,Cl(OH) [2:1]. [7°]. 
(176° i.V.). • 

Formation.-^l- From o-amido-phenol by 
displacing NH,^ by Cl by the diazo- reaction 
(Schmitt a. Cook, B, 1, 07 ; Faust a. Muller, B. 
5, 777). Solution of NaNO^ is run into a hot 
solution of o-amido-phenol and CUjClg in dilute 
HCl (Sandmeyer, B. 17, 2661).--2. Together 
with the p-isomeride by passing chlorine into 
phenol (F. a. M. ; Kramers, A. 173, 331) — 
8. From o-chloro-aniline by displacing NH, by 
OH through the diazo- reaction (Beilstein a. 
Kurbatoff, A. WO, 39).— 4. Formed by neutralis- 
ing with acid a mixture of sodium hypochlorite 
and phenol (Chandelon, B. 16, k749). 

Properties. — Colourless liquid ; si. sol. water, 
v*sol. alcohol and ether. Potash-fusion converts 
it into pyrocatechin (Petersen, B. 6, 368). UNO, 
gives two chloro-nitro-phenols [111°] and [70°]. 
PCI, gives o-di-ohloro-beuzene (179°). 

Methyl ether C,H,Cl(OMe). o-Chhro- 
anisol (203°). Prepared from o - anisidine 
C,H,(NHj)(OMo) by Sandmeyer’s reaction (Wal- 
laoh a. Hensler, A. 248, 237 ; c/. Fischli, B, 11, 
1468). 

Ethyl ether C,H,01(OEt). o-Chlarophe- 
netol. (208°). ^ 

Benzoyl derivative CjH,Cl.QBz. ^814°). 

PhthalylderivativeOiB.^O^Oi{OOaHSjl)r 
[98°] (ifosso, 0. C. 1887, 1896). 

w-Chlordiphefiol 0,H,01(0H)[8;1]. [286°]. 

(214° i. V.). From wi-chloro-anilifle by displacing 
NH, by OH through the diazo- reaction (Beilstein 
a. Kurbatoff, A. 176, 46 ; Uhlemann, B. 11, 1161; 
Vamholt, J. pr. [2] 86, 26). White needles. 

Benzoyl derivative 0,H,Cl(OBz). [86°]. 

Phthalil^erivatine [108°] (Mosso). 

p-Chloro-ph&Ql 0,H,C1(0H)[4;1]. [87°]. 

(217^. ^ 

PomuUion,'^!, Prom phenol and SO.Ol, 
(Dubois, Z. [2] 2, 706; 8, 206).-2. Together 
with the o-ieomeride by passing chlorine into 

VoL. IL 


cold phenol (D.; Petersen a. Bahr-Praderi, A 
167, 128).— 8. From p-amido-phenol by displa* 
oing NHa by Cfi through the diazo- reaction 
(Schmitt, B. 1, 67).— 4. From p-ohloro -aniline 
by displacing NH, by OH through the diazo- 
reaction ^eUstein a. Kurbatoff, A. 176, 80 ; B. 
7, 1896^ 

Properties. — Crystalline ; v. si. sol. water, 
T. e. sol. alcohol and ether. Insol. aqueous 
NUjCO,. Potash-fusion converts it into nydro- 
quinone and resorcin (Petersen, B. 6, 1399 ; 7, 
61 ; cf. Faust, B. 6, 1022). PCI, gives p-di- 
chloro-benzene [63°]. HNO, forms chloro-nitro- 
phenol [87°]. 

Salt.-C,H,Cl(Ol5a) (Varnholt, J-pr. [2] 86, 
19). 

Methyl ether C,H,Cl(OMe). (o. 200°); 
S.G. ® 1*182 (Henry, Z. [2] 6, 247). 

Ethyl ethm [21°]. (211°). 

Benzoyl derivative C,H,Cl(OBz). [93°]. 

Phthalyl derivative C,H,(C02CflH4Cl),. 
[11°] (Mosso). 

(4:2:l)-Di-cVoro-phenol C,H,Clj(OH)[4:2:l] 
[42°]. (210°). 

F<yrmation.~-l. By chlorinating phenol (Lau- 
rent, A. Oh. [2] 63, 27 ; [3; 3, 210 ; F. Fischer, Z. 
[2] 4, 386; A. Suppl. 7, 180). -2. By adding 
HCl to a mixture of phenol (1 moL) and sodium 
hypochlorite (2 mols.), the (6:2:l)-i8omeride is 
formed simultaneously (Chandelon. B. 16, 1761). 

Properties. — White needles. Sol. alcohol and 
ether, nearly insol. water, ^ Expels 00, from 
boiling aqueous Na^CO„but in the cold it is ppd. 
from its salts by COj. PCI, gives tri-chloro- 
benzene [16°]. 

Salts.— NH^Q.C^H^Cl : needles (from hot 
NH,*Aq).— KA' ^aq ; decomposed by water at 70°, 
giving off ®-chloro-phenol.— HOPbA^ — AgA'. 

Ethyl ether O^H^CKOEt). (237°). 

Acetyl derivative C,H 4 Cl(OAo). (246°). 

Benzoyl derivative CgHjClgCBz. [97°]. 

Phthalyl derivative OjH^iCOaCgHjCla),. 
[108°] (Mosso, Ann. Ohim. Farm. 87, 184). 

(6:2;l)-Dl-chloro-phenol C,H,Cla(OH) [6:2:1] 
[63°]. (218°). 

Formation. — 1. Together with the ^4:2:1) 
isomeride by adding HCl to a mixture of phenol 
(1 mol.) and sodium hypochlorite (2 mols.) 
(Chandelon, B. 16, 1752).-2. From di-chloro- 
n-amido-phenol by di4>lacing NH, by Cl through 
the diazo- reaction (Seifart, A. Suppl. 7, 208 ; Z. 
[2] 6, 460). 

Proj^erties, — Needles. Sol. alcohol and ether, 
nearly msoL water. » 

Tri - chloro - phenol 0,H,C1|(0H)[6:4:2;1]. 
[68°]. (244°). B. *061 at ; *243 at 96°. 

F&rmaAwn.—l. By ohlonnation of pheno» 

, (Laurent, A. Ch. [2] 68, 27 ; [3] 8, 497), of saU 
Lgenin (the product being distilled with cone. 
'*H,SO« Piria, A. 60, 47), of aniline (Hofmann, 
A. 63, 8), of indigo 4Brdmann, J. pr. 19, 882 ; 
22, 276; *26, 472), of phenol sulphonio aoid 
(Vogel, Z. 1865, 629), or of phenyl benzyl oxide 
O.H.O.CH 2 Ph (Sintenia, A. 161, 888).— 2. By the 
action of NaOCl upon (2, 6, l)-di-chloro.phenol 


[66°], and upon (2, 4, D-di-ohloro-phenoI [48°] 
(Chandelon, Bl. [2] 88, 128), ^ . 

PttpefftM.— Needles or prisms. Add to 
litmus. 

Beacticms.—l. HNO, forma di-chloro-quinone 
[120°]; alcohol and NaO, produce the Mine 
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body.—^. PCl^ or Ve^Ol, from tetra-ohloro-bana- 
•no. — 8. HCl and EOlO, give tetra-chloro-quin* 
one. OrO, and HOAo produce the same body 
(^vy a. Sohnlts, A. 210, 160).~4. K^O, at 170® 
^ves ohlorO'phenol disolphonio acid and di- 
ehloro-phenof snlphonio acid (Armstrong a. Har- 
row, 0. J. 29, 474).— 6. Br gives OaH^QiaOBr 
[99®] (Benedikt, M. 4, 236). 

Salts.— NH^O^HsCltO: needles; v. sL sol. 
cold water.— KA' Jaq.— MgA', 2aq.— BaA', 4aq : 
radiate groups of lamin». — PbAV — (PbA'^4PbO. 
JLgA': yellow amorphous pp. 

Ethyl €ther [^4®]. (240®). 

(Faust, A. 149, 162 ; Lemper^/. pr. [2] 83, 381). 

Acetylrd6%ipativ6 0,H,01,(OAo). (262°). 

Propionyl d§rivativ§ 
0JH2C1,.0(G0.G,HJ (268® nnoor.), colourless 
heavy liquid. 

Butyryl dsrivatips OJH,OVO(GO.O,Hy) : 
(274® nnoor.). 

Valeryl derivaiivp 0gH,Cl,.0(C0.C4H,) : 
(288® nnoor.). 

Btnaoyl deripativi C.HjCJ^.OBz: [70®]; 
colourless needles ; sol. alcohol and ether, insol. 
water. 

Phthalyl derivative 
0,H,01,.0<^OA: [194®]; v. sol. ohloro- 


form, sL soL aloohol and ether, insol. water 
(DacMmo, B. 18, 1168). 

Tri4>hloro.phenol C,H,C1,(0H). [64®]. ^63® 
nnoor.). From tri-chloro-p-amido-phenol (liam- 
pert, J. pr, [2] 88, 878). iJso from phenol and 
NaOCl (Chandelon, Bl [2] 88, 119). Silky 
needles dilute aloohol). Volatile with 

steam. HNO, gives na quinone, but a nitro- 
derivative [146®]. PClj gives C,HClj. '• 

Ethyl ether C,H,Cl,(OEt) ; (246® unonr.). 

Acetyl derivative 0«H3Gl,(0Ac) ; (269® 
nnoor.). 

Tetra-chloro-phenol OJl2^1,(OCl) [6:4:2:1] 
or C,H,Oyoy 0. * Tri-chloro-vhenol chloride." 
[119®]. Formed by passing Cl into tri-chloro- 
phenoi suspended in fuming aqueous HGl (Bene- 
dikt, M. 4, 233). Trimetrio pyramids; a:6:o 
= 1: ‘OU^’dl. May be distilled. Cone. KOHAq 
tnms the oiystals blue, and on boiling forms tri- 
ohloro-phenol. Hot oono. gives tri-ohloro- 

phenol and tetra-ohloro-quinone. 

Penta-ohloro-phenol 0,C1,(0H) [188®]. 

PormatUm, — 1. By the action of chlorine on 
an alcoholio solution of tri-chloro-phenol, chloro- 
isatin, or di-ohloro-isatin (Erdmann, J. pr. 22, 
272; Laurent, A. Ch*>{Z] 3, 497).— 2. From 
phenol and chloride of iodine (Schiitzenberger, 
Bl, [2] 4, 102).— 8.»By passing chlorine into a 
miztnre of phenol or tri-chloro-phenol and 
SbCl. at 200® (Men a. Weith, B. 6, 458 ; Bene- 
dikt a. Schmidt, if. 4, 606). — 4. Obtained by 
hekting hexa-ehloro-bensene with a glycerin solu- 
tion of NaOH at 260®-280S Sub- 


limes in long white needles. HNOg forms tetra- 
chloro-qninone. PC1» gives 0«01«. 

8 al ts.— 'O^djONa.”— EA^ 


Meth] 
white ni 


ihyl ether 0«i 
leedles ; v. sol. 


d; sub] 


Jong 

lie. 


Acetyl derivative C|d,(OAo): [148®]; 
' “^-^es; T. sot siooliol; snbUmable 

f, A 18, 836). 

e OA(OH).C4 (78i*-8<n. 

Fqrmed in the qhlorinatiop 9t w-ohloro-acetanij* 


fine white needle 
(Weber a. Wolff, 
Dichloride 


ide in acetic acid (Beilstein, B. 11,2182). Large 
colourless pillars. Difficultly soluble in 60 p.o. 
acetic acid, easily in 0^, CHGlg, CS« alooholi 
<ko. Alkalis decompose it entirely. On heating 
with aloohol pei;-ohloro-phenol ig forme^ 

Hexa-ohloro^henol 0,01,0. [46®]. Formed 
by passing 01 into a solution of penta-ohloro- 
phenol in dilute HGl (Benedikt a. Sohihidt, M. 4, 
607). Golden-yellow crystals ; gives off chlorine 
on heating. Tin and HGl re-convert it into 
penta-chloro-phenol. 

Bichloride 0,01,0. [101^]. Formed by 
chlorinating penta-ohloro-phenol in acetic acid 
solution (B. a. S.). Prisms (from ligroin). 

Hexa-chloro-phenol C,C1,0. [106®]. From 
penta-ohloro-aniline by chloriimtic^ in acetic 
acid solution (Danger, A, 215, l!^2). Yellowish 
prisms (from ligroin). 

Fer-ohloro-diphenol f. Ooto-ohlobo-dx-oxt- 
niPHENTL. ^ 

o-CHLOEO-PHEKOL (7).8ITLPH0K10 ATHDc 
C gHjClSO, i.e. 0,H3Cl(OH)SO,H^Fromo-chloro- 
phenol and fuming H^SO, (Kramns, A. 173, 3311. 
Small colourless plates or cubes (containing aq). 
y. e. sol. water and alcohol. It begins tp de- 
compose at 80°. Fe.01, colours its solutions 
violet. HNO, forms chloro-di-nitro-phenol 
[ 111 ®]. 

Salts.— EA'iaq: 8. (of KA') 14 at 9®.— 
E,G,H,G1S0, Sj^aq : deliquescent lamime. — 
NaA'aq. — NajG,H,01S04 3tq. — GaA'^aq. — 
GaC,H,GlS04 3^aq: efflorescent crystalline 
aggregates; S. 38 at 12®.— BaA', l^aq: granu- 
lar aggregates of crystals. — PbA', 4aq. — 
PbG,H,ClS04 aq.— GuA'j4aq : bluish-green tri- 
metrio prisms. 

o-Chloro-pnenol (9)-siilphonie acid 
0,H,C1(0H)S0,H. Formed, together with the 
preceding, when the sulphonation is effected in 
the cold by fuming H^SO, (1 pt.) mixed with 
conc.tt4804 (li pts.) (K.).-KA': small platea 
GaGgHiClSO, 2aq : small needlee; S. 2'36 at 
11 ®. 

o-Chloro-phenol (jS)'Snlphonie acid 
0,H,C1(0H)S0,H. Obtained, in sraaU quantity, 
in sulpnonating impure p-chloro-phenol (Peter- 
sen a. Baehr-Praderi, A, 157, 129). Potash- 
fusion gives pyrogalloL Fe,Gl, colours its 
neutral solutions violet. HNO, gives chloro-di- 
nitro-phenol [81®]. — KA': stellate groups of 
short prisms; less soluble than potassium 
|»-obloro-phenol sulphonate. 

p-Ohloro-phenol (a)-salphonio acid 
0,H,01(0H)(90,H). [76®]. From yMjhloro- 

phenol and fuming H^SO, at 100® (Petersen a. 
Baehr-Praderi, A.'l67, 121). Glittering plates 
(oontaifiing aq). Begins to derompose at 100®. 
Gives a bluish-violet co^ur with ^'0aCl« Pot- 
ash-fusion gives pyrogaUol and|k trace ofmydro- 
quinone. HNO. forms chloro-nitro^henol snl- 
phonic acid (Armstrong, B. 7, 404) and chloro- 
di-nitro-phenol [8i®]. • 

Salts.— KA'2aq: flat monodinie prisms: 
8. 10*8 at 20®; 44*8 at 100®.— EA' aq.— EA’ 
(from aloohol); needles. — NaA' i groups of 
needles.-LiA' aq.-NH,A' : t2|0'=l.-BaAV- 

BaO,H,CI804 3aq.— OaA^, 2a^ easily soluble 
needles. — M^', oaq : small flat plates of 
needles.— CuA', 6aq: greenish-white needles, 

Bol* ^ 

Ethyl derivative C,H, Cl (OEt)SOJ3;, 
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Bftlt.--‘KA' : stellate groups of needles. 

Ohloro -phenol disulphonic aeid 
CLH,Cl(QH)(SO,H)j [4:1:6:2]. Formed, together 
with di-ohloro-phenol sulphonio acid, by heating 
tri-ohlaro-pheiuri with EjSO, at 170° (Armstrong 
a. Harrow, G. J. 29, 474). 9he same acid 
appears tb be formed by sulphonatingp-ohloro- 
phenol at 100° (Petersen a. Baehr-Praderi, A. 
.157, 153). Cono. HNO, forms ohloro-di*nitro- 
phenol [81°]. 

Di-ohloro-phenol sulphonio aeid 
C.H,OI,(OH)(S«,H) [4;2;1:6]. (4.S,l)-di- 

chloro-phenol and C1S0,H [43°] (Armstrong, 
C. J* 25, 93). Formed also by chlorinating 
phenol o*sulpnonio acid; and by heating tri- 
chloro-pbeih}! with E,SO, at 170'^ (Armstrong a. 
Harrow). HNO| (3.6. 1*36) forma di-chloro* 
nitro-phenol [121°]. 

Di-ohloro-phenol sulphonio aeid 
CA^2(0H)(S0,H) [2:6:1:4]. Formed by ohlo- 
tinating phenol p-sulphonio acid (Kolbe a. 
Qaohe, A. 141(^6) and by snlphonating (2,6,1)- 
di-ohloro-phenol. Deliquescent triraetric tables 
or prisms. HNO, forms di-ohloro-nitro-phenol 
and - ohloro-di-nitro-phenol [111°] (Faust, Z, 
1871, 838; Armstrong, 0. J, 24, 1112).— 
BaA '2 2aq (dried at 100°). 

Tri-chloro-phenol snlphonio aoid 
C,HCl,(OH)(SO,H). From tri-chloro-phenol 
and CiSO,H (Arnytrong, 0. J. 25 , 97 ; cf. Ke- 
kul4, K, 3, 238). Its aqueous solutions decom- 
pose with deposition of tri-ohloro-phenol. 

TBI-CHLOBO-FHENOMAIIC ACID 
0,H,C1,0, U CC1,.C0.CH:CH.C02H or 
CH.C(OH).COL 

B >0 (An8ohatz,i4.239,176).2W*cWoro- 

CH.CO 

acetyUacrylic acid. [132°]. From benzene (80g.), 
HjSO, (1,200 g.) and water (600 g.), to which 
KCIO, (120 g.) is sloirly (in 6 days) added with 
gentle shaking. The benzene is then separated 
and evapora^ the residue is extracted with 
water and the acid (6 g.) extracted from the 
water by ether (Carius, A. 14(J, 317 ; 142, 131 ; 
Kekul6 a. 0. Strecker, A. 223, 179). Quinone 
may be substituted for benzene. 

P»Y>pcr<t«s.— Glittering plates (from water). 
May be sublimed. Is volatile with steam. 

Reactions. — 1. Warmed with baryta it gives 
chloroform and baric maleate.— 2. Combines 
with bromine in chloroform vrith formation of 
CCl,.CO.CHBr.CHBr.OO»H [97*6°]. This is si. 
sol. water, v. sol. alcohol, ether, and chloroform. 
Boiled with lime water, it gives chloroform and 
inactive ealoio tartrate. 

Theory of Fortnofion. -*-Kekul6 s^jpposes 
that it is produced from chloro-quihonerand if 

(X)<^^^^j>OOlh«oonnralon 

of U into ^00 dtM not appear 

very diffioulf to understand. 

OBLOBO-FEBNOXT-AOETIO AOID 
C,H,C10,i.e.O,H,01.0.0HrCO,H. [152°]. From 
phenon-aoq^io aoid by ^successive treatment 
wi^ Pa, and irater (MUael, /. pr. [2] 86, 96). 
Trimetric prisms ifrom water). 

^ o.CHL<riO.DIPHBirTL 
0,H,.C,]Ef,01 [2:1]. [84°]. (287°). Fonned, to- 
^her with the p-isomeride, bypassing chlorine 
^to diphenyl miked with 8da| (Krlmert, i. 


189, 142). Monoclinio crystals ; v. sol. ligroln. 
GrO, gives o-ohloro-benzoio aoid. 

w-Chloro-diphenyl 0A-0«H,01 [3:1] 7 [89°]. 
Formed by heating G,H,OK with calcium 
wi-chloro-benzoio acid (Pfannkuoh, /. or. [21 6. 
106). I J 

pChloro-diphenyl O^.O^H^Ol [4:1]. [76°]. 
(282’). Fonned by chlorinating diphenyl (t>. 
supra) or by treating j)-oxy-diphenyl with PCI. 
(G. Schultz, B, 7, 52). Thin plates (from 
ligroln). Smells like oranges. May be oxidised 
to|>-ohloro-benzoio acid. * 


Di-p-chloro-dlphenyl[4:l]C,H,CI.C,H4Cl[l:4]. 
P48»]. ( 0 . 8170 o<*.). 

Formation.— 1. Amongst tBe products of the 
action of PCI, on di-p-oxy-diphenyl (Schmidt a. 
Schultz, B. 12, 494; A. 207, 339).— 2. From 
di-amido-diphenyl (benzidine) by displacement 
of NH.. by Cl through the diazo- reaction (Griess, 
Tr. 1864, iii. 780) ; e.g. by heating tetrazo-di- 
phenyl with a large excess of HCl; the yield 
being 16p.o.nf the theoretical (Gasiorowski a. 
Wayss, B. 18, 1941).— -8. By onlorinating di- 
phenyl (Kramers, A. 189, 138, 146).— 4. By 
passing chloro-benzene through a red-hot tube. 

Properties . — Prisms or needles ; insol. water, 
el. sol. alcohol, v. sol. ether. CrO, gives p-chloro- 
benzoic aoid. 


Penta - ohloro - diphenyl CijHjCl,. [179°]. 
Formed together with other products by the 
action of PGl^on di-p-oxy-diphenyl (Schmidt a. 
Schultz, B. 12, 495 ; cf. Doebner, B. 9, 180). 
Long needles. Sublimable. 

Per-chloro-diphenyl 0„C1„. Prepared by 
exhaustive chlorination, of diphenyl in presence 
of tilbGI, or iodine (BuoS, B. 9, 1491 ; Weber a. 
Sollscher, B. 16, 882 ; Merz a. Weith, B. 16, 
2831). Formed also by exhaustive chlorination 
of ditolyl (Merz a. Weith, B. 12, 677), benzidine, 
carbazole (Zetter, B. 10, 1233), and phenanthra- 
quinone (Merz a. Weith, B. 18, 2871). Long 
tables or prisms. Does not melt below 270°. 
V. si. sol. alcohol or ether. Not attacked by 
SbCl, even at 850°. Alcoholic NaOH at 159^ 
gives C, 2 C 1 ,( 0 H),,. • 

a-CHLOBO-PH£NYL-ACETIO AOID C,H,C10ft 
is. C,H,.CHC1.C0,H. [78°]. 

Formation. — 1,» From mandelic acid 
G,H,.CH(0H).C02H and HCl' at 140° (^zis- 
sewski, B. 2, 208).— 2. From benzoic addehyde 
by conversion into PhGH(OH)GN by KCN and 
HOI, the mandelo-nitrile b^g then treated with 
HCl (Spiegel, B. 14, 2367 B. Meyer, 4- 220, 41). 
8. From C.H4.CH:0H.N0, .and fuming HCl at 
100° (Priebs, 4. 225, 837). • 

Properftes.— Trimetrw tables; sL aoL cold 
water and ligroln, v. e. soL alcohol and ether. 
» Sodium amalgam oonverta it into phenyl-acetic 
aoid. Boiling aquMus KOH forms mandelic 
aoid. Pbenyl-hydniiine forms benzylideno- 
phenyl-hydra^e C.H«CH:N,HPh (Beissert, B. 
17,1462). The salts are onstable. 

Methyl othtr MeA' (248° cor.). Oil (Meyer 
a. Boner, B.JL4, 2892). 

o-Ohloro-phenylseeUeaeid CtH^OlOHrGOsH* 
[104°]. Firepared by saponifloation of the nitrile 
meuhof,4.147,846; Jackson a. Field, P,4m.4. 
14, 68). Also by tteating phenyl-aestio aoid 
with a in sunshine (Badsiszewski, B. 2, 208) 
Long needles (from water). T, aol. benzene, 

t • 
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water, alcohol, and ether.— AgA : curdy mass.— 
OaA't aq. 

Amid# 0,H.a0HyC0NH,. [175°]. Tables 
(from alcohol). V. sol. alcohol and ether, al. sol. 
hot water. _ 

mtriU C^,aCH,ON. [29»]. From p- 
ehloro-benzyl bromide by heating with alcdhouo 
KCy (Jackson a. Field, Am. 2, 88). Prisma ; 
■ol. alcohol and ether. 

01 -a-chloro-phenyl-aoetio acid 
0.n..GGL.G0^. [68°]. Prepared by the action 

* 0 f PCI, on phenyl-glyoxylic ether and subsequent 
saponification (Clmsen, B. 12, 630). Small tables. 
V. sol. water, alcohol, and ether. 

Ethyl ether ATE^t. ( 263 °- 266 °). 

UTitrite CJI,.CC40N. (224°). From benzoyl 

*^^i!^So-iHENYL-ACETIC ALDEHYDE 
C,H,.CCla.CHO. (296°). From chloral, benzene, 
and AljCL at 70°. The product is treated with 
water ana fractionally distilled in vacuo^ when 
the compound CgH,.C01j.CHCl(0^) passes over 
at 180°. By the action of KOH it is converted 
into the aldehyde by removal of HCl (Combes, 
C. B. 98, 678). Liquid. Reduces Fehling’s 
solution and combines with NaHSO,, although 
with difficulty. Benzene and AljClg convert the 
aldehyde into tri-phenyl-mcthano. 

CHLOBO - PHENYL - ACRYLIC ACID v. 
Cblobo-cznkauic acid. 

CHLORO-PHENYL-AMIDO-CHLORO-NAPH- 

THOQUINONE v, Chloro - naphthoquinone - 
CBLOBO-AinLinE. 

CHLOBO - PHENYL - AMIDO -H YDBONAPH- 

THoararoNE o„h.,cino, u. ^ 

C„H,Cl(OH),(NHPh). [171°]. From chloro- 
nuphthoquinone anilide and cone, aqueous SnCl^ 
(Knapp a. Schultz, A, 210, 190). 

Acetyl derivative [169°]. 

CHLOBO-DI-PHENYL-DI-AMIDO-HYDBO- 

QrarONEC„H„ClNA»-«-C.HCl(On),(NnPh)j. 
From chloro-di-phenyl-di-amido-quinone, cone. 
SnCfiyAq, and alcohol (Knapp a. Schultz, A. 210, i 
181). Slender needles. Decomposes about I 
223®. «®eadily oii^sed to the corresponding 1 
floinone. .... 

Di-chloro-di> phenyl - di - amido-hydroqumone 
0, A,01,N,0, U. CA(NQPh),(OH)j. Formed 

by boiling dX-chloro-di-phenyl-di-amido-quinone 

C.CL(NPhH),0, with cono. aqueous SnCl, 
(Knapp a. Schultz, A. 210, 181). Slender needles, 
▼. boL water. Oxidation gives CgClj(NPhH)jO,. 
Boiling Ao,0 gives long needles of C„H3,N,0, 

^*®SHLOEO.DI.rfHHm,.DI^AlCIDO-TBI- 
P Wfaf TT-MgTHAKE C,H,CLCH{C^,.NHPh), 
Not isolated in a pure state. Formed by heating 
together diphenylamine and p-chloro-beMalde-o 
byde in presmioe of ZnOly On oxidation it gives 
a green dye-stuff (Kaeswui^m, B. 19, 7^6). 

TBI- CHLOEO-TBI -PHEHYL-TBI. AMIDO- 
tl PHEKYL-TOLYL-CABBINOL V. Tai-CHLOBO- 
TRI • PnaSTL-BOSAKILIiaL 

CHLOBO -PHENYL- AMIDO -OPINOHEB e. 

AkILIOXS of CHLOBO-OUlHOKgS. 

p-CHLOBO-DI-PHENYL-AMIHE 

PhNHCgH.a. [74°]. Fowned by treating diazo- 
tised «.amido-di-phenyl-i£mine with cuprous 
ehlorid^ (Ikuta, A. 94B. 286). Long prisms. 
V, il loL water, ▼. foL tthfr, tloohol, benzene, 


petroleum ether. Yields a nitrosamlne 
PhN(NO)GgH^Cl [ 88 °], v. sol. alcohol and ether, 
which on standing with alcoholic HOI is con- 
verted into the isomeric p-nitroso-cnloro-di- 
phenyl-amine aH,(NO)NHO,HiCl [169°^ green 
plates (from berfeene). 

Dl - chloro - di - phenyl - amine NH[OgH 4 Cl),. 
[80°]. From the benzoyl derivative and alco- 
holic KOH at 160° (Claus a. Schaare, B. 15, 
1286). Needles. 

Benzoyl NBz(OgH 4 Gl) 2 . [153 ]. 
From benzoyl-di-phenyl-amine by chlorination 
(0. a. S. ; cf. Claus, B. 14, 2368). Needles (from 
^cohol). 

Tetra-chloro-di-phenyl-amine NH(OgH,Cl 3 ),. 
[134°]. Formed by passing Cl irfto a solution of 
di-phenyl-amine in HO Ac (Gnehm, B. 8, 1040). 
Prisms or needles. • 

Per-chloro-tri-pheny 1-amine N(CgClj) 3 . Prom 
tri-phenyl-amine by exhaustive ohlorinatioi) 
(Ruoff, B. 9, 1494). Needles (from benzene-alco- 
hol). • 

DI-CHLOBO-PHENYL-ANTHBANOL 

XCCgH^Cl). 

C^RAO i.e. an/ I >C,H,C1. [170°]. 


•C(OH) 

From 

phthalidcin chloride), acetic pid, and zinc-dust 
(Baoyer, A. 202, 95). Noedbs (from alcohol). 
V. si. sol. alcohol; m. sol. acetone and ether, 
with bluish-green fiuorescence. 

Dihydride __J^CgH,Cl. 

Eydroi^henoljphthalidin chloride. [56°]. From 
the preceding by heating in alcoholic solution 
with sodium amalgam (B.). Long needles (from 
CS 3 ). 

PEB-CHLOBO-DI-PHEJ^YL-BENZENE 
C,gCl, 4 . Formed by exhaustive chlorination of 
di-phenyl-benzene by means of 8 bCIj (Merz a. 
Weith, B. 16, 2884). Colourless needles. ‘V. 
sol. hot nitrobenzene, si. sol. alcohol, ether, and 
acetic acid. 

Per - chloro - tri - phenyl - benzene Cj^Ol,,. 
Formed by exhaustive chlorination of tri-phenyl- 
benzene by means of BbCl, (Merz a. Weith, B. 
16, 2883). CJolourless needles. V. sol. hot 
nitrobenzene, si. sol. ether, benzene, and alcohol. 
It is only sli^tly attacked by HNO, at 860°. 

CHLOBO-PHENYL BENZYL OXIDE 
CgH,C 1 . 0 .CH 3 Ph. [71°]. From phenyl benzyl 
oxide and Cl in presence of HgO ^intenis, A. 
161, 338). Long needles (from alcohol). 

TBI-CHLOBO-DI- PHEHYL-BDTANB 
C,.H„C1, t.A CH,.CHCl.CCl,CHPh,. [80°]. 8 . 
(ether) 60; (alcohol) 2 . ^rom tri-chloro^ntyrio 
aldehyde, benzene, and HjSO, (Popi^ H. #,1420). 
Monoclinic pnMna (from 

TBI-CHL0B0J)I-PHEHYL-BDTANE DI 8 UL- 
■ . PfomC^i^i 

ALCOHOL 

CClPh-CMe-OH. (239°). From liquid acetone- 
chloroform, benzene,* and AI 36 U (WiUgerodt, 
J. or. [2] 87, 862). t ^ , 

li<hloro-phenyl-tef<-hut^ alsohol 
OClJPh.OMe 30 H. (217°). From soetoas-dilo- 
roform, benzene, and Al,CL (Willgerodt A. Of* 
aieser, /. pr. [2] 87. 867). Uquid. 
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0BI0B0.O-PHENTLENE.BIAHINE 

0 ;a,ClN,<.fi.C,H,Ca(NH 2 ), [4:2:1]. [72°]. From 
ehloro-di-nitro-benzene [89°1 by reduction with 
tin and HCl (Laubenheimer, B. 9, 773). Laminje. 
Fe^Ola^ives a Ad colour and a brown pp. 

Chloro-tn-phenylene-diaminl O^HyGl(NH.^), 
[4:3:1]. *[86^]. From jjhloro-di-nitro-benzene 
[50°], tin, and HCl (Beilstein a. Kurbatoff, A, 

^ 197, 76). Needles (from ligroin). 

Chloro-p-phenylene-diamine CuH;,Cl(Nn.Jj 
[2:4:1]. [123-5°]. From di-ohloro-nitio-anilino 
[188°], tin, and HCl (Witt, 8, 145). Flat 
needles.— B'HCl : long needles. 

Di-ohloro-o-plienylene-diamineC,H.^Cl.j(NH.Jj 
[6:3:2:!]. [00-6°]. From di-ohloro-nitro-aniline 
[100°], tin* and HCl (Witt, B. 7, 1604). Long 
flexible needles (from alcohol). 

Di-ohloro-p-pnenykne-diamine C,H^Cl.,(NII.Ja 
[6:2:4:!]. [164°]. Formed, together with di- 

methyl-jj-phenylene-diamine and di-chloro-di- 
•methyl-p-phenylene-diamine, by boiling nitroso- 
di-methyl-anilipe with HCl (S.G. 1-2) (Mohlau, 
J3. 19, 2010). Colourless glistening prisms. By 
KjCr.fij and H.^SO, it is oxidised to di-chloro- 
quinone [169°]. The dilute HCl solution on 
treatment with chloride of lime yields di-chloro- 
quinone-di-chlorimide [134°]. 

Tetra-ohlorO'p-phenylene diamine 
C,Cl,(NH 2 )y [218°]. Formed by boiling quinone 
dichlorimide witl|HCl (S.G. 1-2) (Krause. B. 12, 
61). Bed needles (from dilute alcohol). 

DI.CHLOEO.DI.PHENYLENE KETONE 
C„H,C1,0. [168°]. From di-chloro-fluoreno by 
CrO, (Hodgkinson a. Matthews, C. J. 43, 170). 

DI.a.CHLOKO- PHEN YLENE - DI - MeTHYL- 
DI-JIALONIC ETHEE C«H^(CH,CCl(CO^t)Jj. 
V. Exo-di-chl(m>-xi/lylme-fnaUynic ether. 

TETEA.CHLOE0-PHENYLENK.DI.METHYL 

OXIDE C,C1,<™^0. [218°]. V.D. 8-6 (calc. 

8'9). From tetra-chloro-phthalic acid, HI, and P 
at 230° (Gfebe, A. 238, 331). Needles (from 
benzene). 

Ooto-ohloro-phenylene-di<8iethyl oxide 
C,Cl4<^^|»>0. [140°]. From tetraohloro- 

phthalic anhydride and PClj at 200° (G.) 

DI.CHLOKO-PHENYLENE-(a)-NAPHTHYL. 
ENE-OXIDE G.,H,CLO. [245°]. Prepared by 
the action of PCI, on phenylene-(o)-naphthylene- 
oxide (Arx, B. 13, 1727). Fine white needles. 
V. sol. alcohol and ether, si. sol. benzene. 

TETBA-CHLOBO PHENYLENE OXIDE 
C.C1,0 (?) [320°]. (above 360°). Formed by 
distilling potassium penta-chloro-phenol C,Cl,OK 
(Merz a. Weith, B, 6, 461). • Flat needle. Y. si. 
sol. alcohol and ether. Not affeefed by PCI, at 
250°^r by sodium-amalgam. 

CHLOBO . EHENYL . ETHANE v, CHLono • 

ETHVL-BSNZXNa. « 

Chloro • di - phenyl - ethane C„H„C1 t.e. 
CHj01.CH#h,. From di-chloro-di-ethyl oxide 
CH.,Cl.CHC1.0Et, benzene, and H,SO, (Hepp, B. 
6, 1439). Liquid. Splits up on distillation or 
treatment , with alcoholic EOH into HCl and 

^ 14 ^ 18 . • * 

Di-p-chloro-dl-phenyLethane 
C,H,01.CH,.CH,.C„H,C1. JH-ohloro-dibenzyl. 
[112°]. Formed by passing chlorine over a solid 
cake of dibenzyl (160 pts.) and iodine (i pt.) till 
the cake liqnenes. Thus is distilled ana the pro* 


duct crystallised from alcohol (Kade, J.pr. [2] 
19, 462). Glittering plates which feel greasy, 
Sol. alcohol, ether, and chloroform. Chromic 
mixture oxidises it top-chloro-benzoio acid. 

(a)-Di-sxo-ohloro-s-di-phenyl ethane 
C,H,.GHC1.CHC1.C,H,. Stilbene {aj-chloride, 
[193*]. Formed, together wth the (/3)-iBomeride, 
by the action of PCI, on hydrobenzoin (Zincko, 
A. 198, 129) and by the union of Cl with s-di- 
phenyl-ethylene (Laurent, B.J. 25, 620). Formed 
also from isohydro benzoin and PCI, (Ammann, 
A. 168, 67). Perhaps identical with the com-* 
pound [180°] which is formed by heating benzyl- 
idene chloride witl» copper-powder at 100° (Onu* 
frowicz, B. 17, 635). - • 

Properties.— Silky needles (from alcohol), 
prisms (from toluene), or plates (0.). Sl.‘ sol. 
boiling alcohpl. May be sublimed. Alcoholic 
KOH forms s-di- phenyl -acetylene (tolane). 
AgOAo followed by KOH gives isohydrobenzoin. 

(/3)-Di-ea;o-chloro-s-di-phenyl-ethane 
C«H,.CHCI.CIIC1.C,H,. Stilbene {^ychUyride. 
[94 ]. Forifled as above. Thick tables. At 
200° it is partially converted into the (a) -iso. 
meride. 

Tri - chloro -s-di - phenyl - ethane CnH, ,C1,. 
[85°]. From «-di- phenyl -ethylene and Cl 
(Laurent). 

Tri-chloro-«-di-phenyl.ethane CCl,.CHPh,. 
[64 ]. From chloral, benzene, and HjSO, 
(Baeyer, B. 5, 1008). Small thin plates. Aioo- 
holic KOH gives CPhj-.CClj. 

Tri-chloro-tt-di-phenyl-ethane 
CH,Cl.CH(C,H,Cl)j. From di-chloro-di-ethyl. 
oxide CH^Cl.CHCl.OEt, ohloro-benzene, and 
H.SO, (Hepp, B. 7, 1419). On distillation it 
gives CH,:C(C,H,C1)8. 

Tetra-chloro-s-di-phenyl-ethane 
C,H,.CClj.CCl8.C,H,.ToZane tetrachloride. [163°]. 

Formation. — 1. From benzil and PCI, (Zinin, 
Z. 1868, 718).— 2. A by-product in the pre- 
paration of benzotrichloride by chlorinating 
toluene (Liebermann a. Horaeyer, B. 12, 1971). 
8. By heating benzotrichloride with copper- 
powder at 100° (Onufrowicz, B. 17, 833),— 4. 
By heating benzotrichloride with benzene and 
copper-powder (Hanhart, B. 16, 901). 

Properties.— Trimetric crystals; sol. benz- 
ene, hot alcohol, an^ ether. Gives a violet dye 
with dimethylaniline and ZhClj. Alcohol and 
zinc-dust gives (o) and (jB) di-chloro-di-phenyl- 
ethylene. 

Penta-chloro-tt-di-phenyl-ethane 
CC1,.CH(C,H,C1),. [106°]. S. (96 p.o. alcohol) 
10. From chloral, ohloipbenzene, and HiSO, 
(Zeidler, B. 7, 1181). Wted needles (from 
ether-alcohol). Alcoholic KOH gives C^HgCl,. 

CHLOBO-DI-PHEN YL-ETHY3LEN £ 
C,H,.CCl:CH.CaH,. Ghloroctilbene. Fromstil- 
bene di-ohloride and alcoholic KOH (Zinin, A, 
149,87ft). Oil. • 

(a).Di.chloro.«-di.phenyl-ethylene 
0,H,.CC1:CC1.C,H,. Tolane • (o) - di - ekloride. 
[143°]. Formed, together with the (3)-modifi- 
cation, by the action of powdered zinc on an 
alcoholic solution of tetra- chloro -di- phenyl 
ethane (Liebermann a. Homeyer, B. 12, 1978; 
cf. Zinin, B. 4, 289) ; or of iron powder on an 
acetic acid solution of the same body (Lftoho- 
wioz, B. 17, 1165). Formed also by passing 01 
into a solatioo ol i -di-phenyl-etbylene in ohlivo* 
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form. Both modiftoationi are also formed by 
heating benaO'triohloride with oopper-powder 
(Hanharti B» 15, 899), and by heating s-di- 
phenyl-ethylene with PCI, at 180^ (Limprioht 
a. Bohwanert, B. 4, 879). Trimetrio tables or 
prisms. 81. sol. alcohol. Alcoholic KOH at 
180^ gives s-di'phenyl-aoetylene (tolane). 

fi 8 )-lH-ehloro. 5 >di-pb eny l-ethylene 
0 A.001:001.C,H,. Tolane • (/9) • di - chloride. 

[ 68 **]. Formed as above. Long needles. More 
^Inble in alcohol than the (a).m 6 difloation. 
The (a) and {$) modifications can be partially 
ohanged into one another by distillation. 

Bi-ehlor^-n-di-phenyl-eth^lene GGl^:OPh,. 
[80®]. Formed By passing Cl into tt-di-phenyl* 
ethylene and dieting the resulting CGl^.CGlPh, 

K . Formed also from CCl,.CHPhj by 
_ with alcoholic KOH (Baeyer, B. 6, 223). 
Monoolinic prisms (from alcohol). 

Di*chloro.41-phenyl-ethylene 
0,H401 j 0H:GH.0,H4C1. [170*’]. Formed by pass- 
im 01 in excess into melted dil^^nzyl (Eade, 
/. pr. [2] 19, 466). Needles or plates (from 
alcohol]. 

Oi-onloro-u^-phenyl-ethylene 
JH,:0(04H401),. (283°). Formed by distilling 
0ELC1.CH(0,H4C1), (Hepp, B. 7. 1419). 

Tri-ehloro.e4i. phenyl, ethylene 0,4H,01,. 
Two modifications are formed by treating s-di- 
phenyl-acetylene (tolane) with PCI, (Limpricht 
a* Schwanert, B. 4, 379). 

(a).Modifioation: [137°-145°]; needles. 
(fi).Modifieation: [150°]; prisms. 
Tetra.cUoro-di.phenyl.ethylene 
004:0(0ACl),. [89®]. From CC1,.CH(04H4C1), 
and ^coholio nOH (Zeidler, B. 7, 1181). t 
«.TBI.CHL0B0.DI.PH£N7L.£THYLI1)£N£ 
BIAMINB 0,4H„N,C1, i.e, CC1,.CH(NHC.H,),. 
[101®]. Fom^ by the action of aniline on 
chloral (Wallach, B. 5, 251 ; A. 173, 277). 
Tabular crystals (from alcohoI|. Insol. water. 
Decomposes at 160®. Boiling with alkalis forms 
phenyl earbamine.— B'^H^PtCl, (Amato, B. 9, 
198). 

J)I.G^BO.DI.PHENTL.OUAN1DIK£ 
0„H„dliN, w. NH:C(NH.C,H,G),. From 
Moeofis di.phenyl-guanidine hydrochloride and 
Cl (Hohnann, A. G7, 147). La^nss (from aloo* 
hol).-B'APtCl,. 

Bi.oluoro.di.phenyl<gaaiiidine 
NH: 0 (NH.C,H 4 C 1 ),. [141®]. From di-ohloro- 

di.phenyl.thio.area, PbO, and NH, (Losanitsch, 
Bl. [2] 82, 170). Neales. Perhaps identical 
with the preceding. 

Tiri. 0 .eliloro.tri;pCie]iyl.gnanidi]ie 
0,,H..(Mi<^-C,hJDLN.C(NH.O,H 4C1)^ Formed 
by aomng iodine to an alcoholic solution of di. 
e^ro.di.phenyl'thio.area GS(NH.GJS 4 G 1 )] 
(Beilstsibi a. Eurbatoff, A. 176, 51). Slender* 
^es (from CSJ.~B'HC--B'HI : [255®],- 


CBXO]tO>DI.PESVTl*>XETOVS «. Gblobo- 
•ENzopmniomi. 

CHL0B0.PHSHYL MEBCAPTAV 

OAGLSH. [64®]. From ohloro<^nzene sal* 
l^nio chloride, sine, and dilate H^SO, (Otto, 
A. 148, 109). Foar*sided trimetric tables (from 
i]edhol).->( 0 Ja 401 .S)^b : yellow pp. 

p.oi|l4>E0LPa£H7L I^OAPTUBIO ACID 
C|,H„OiKSO, i.0. 

0 H,. 00 .NH.CMe(S.C,H 401 )XI 0 ,H. [154®]. 


Found in the urine of a dog after it had taken 
ohloro beniene (Jafid, B. 12, 1092). Coloorlesi 
leaflets or tables. V. sL soL ether,, v. loL 
alcohol. 

fi . OHLOBO . $ ■ PHBNTL . XBTHAOfITUO 
ACID 0,oH,C10,UO,H4.CCl;CMe.COjH. [116®]. 
From methyl.beuzoyl-acetio ether, P001„ and 
FOl. (Perkin, jun., a. Caiman, 0. J. 49, 169). 
Ne^es, V. sol. alcohol, ether, benzene, and ^ 
HOAo, m. sol. cold light petroleum. — AgA'. 

0HL0R0.DI.^HENTL.]1£THAK£ 
(C4H})3GH01. J>i‘ phenyl -earbmy I chloride* 

[14®]. From di.ph6nyl.carbinol and HCl (Engler 
a. Bethge, B. 7, 1128). Decomposed by heat 
into HCl, tetra. phenyl -ethylene, and tetra* 
phenyl-ethane (Anschiitz, A, 235, 220). 

Dl.ohloro.di.phenyl.m6than6 (C,H,),GCV 
Beneophenone chloride. (3(^6® i.V.). 8.G. — 1'235. 
From benzophenone and PCI* (Behr, B. 8, 762). 
Liquid. Decomposed by distillation. Warm 
water reconverts it into benzophenone. KHS 
gives (C^HJ.^CS. Heating witlf silver forms 
PhjC.CPh,. Aniline forms PhjC:NPh. Di- 
methyl-aniline gives PhjCH.CgHiNMe, (Pauly, 
A. 187, 198). 

Chloro-tri-phenyl-msthaae (0,Hi)j,CCl. Tri. 
phenyl carbinyl chloride. [105°-116°]. From 
tri-phenyl-oarbinol and PCI, (Hemilian, B. 7, 
1207). Formed also by the action of benzene on 
GCl, in presence of Al^^Cl, (w^riedel a. Grafts, 

A. Ch. [6] I, 602). At 250® it gives HCl, tri. 

O4H4V 

phenyl-methane, and I ^CH.G,H4(Hemilian, 
C,H| 

B. 11, 837). Hot water forms tri-phenyl-car* 
binol. 

DI -CHIOBO . TBI . PHENYL . METHANE 
CABBOXYLIO ACID (0,H,C1),CH.C,H..C0^. 
[206®]. From di-ohloro-^-phenyi-phthalide and 
boiling alcoholio NaOH ; the resulting 
(C,H4C1),C(0H).C,H4.C0^ being /educed with 
zinc-dust and aqueous NaOH (Baeyer, A. 202, 
84). Six-sided tables (from alcohol). Cr6, 
gives di-ohloro-phenyl-ozanthranol. 

Tetra-ohloro-di-phenyl-methane carboxylic 
acid V. TxtbA'Ohlobo-o-benztl-denzoio aoio. 

DI.CHLOBO.DI-PH£NYL-M£THANE SDL. 
PHONIC CHIOBIDB C„H,SACl4 ».*. 
CC4(C4H4SO,Cl)^ [129^. From C0(C,H4S0.4C1), 
and PCI, (Bockmsnn, A 8, 092). Amorphous; 
si. Pol. alcohol. 

TETBA- CHLOBO-DX.PHENYL- METHYL. 
AMINE 0„H,Na4 M. (C,H,C4)jNMe. [97®]. 
Formed by passing Cl into a solution of NPh^o 
in HOAo (Gnehm, B. 8, 1040). Prisms. 

CHLOBa-PHEihTL. METHYL- KETONE p. 

OHLOBO-AOXTOPHXlfOini. ^ 

DI.CHL0R0-PH£KYL.0KA|!I0 ACIlf' 
C«H,ClrNH.COrO^. [122®]. 8. ■’i24 at 25®. 
Prepared by boiung tetra-ohloro-oxanilide (4 gr.), 
alcohol (125 00.) and KHO (6 gr.) fofr 10 minutes 
(Dyer a. Mixter, Am, 8, 864). White fibres. 
Sol. alcohol and ether. KHO solution gives di- 
chloro-aniline [68®]. 

Salt 8.— KA' : white hair.liktiflSreB. 
TETBA41HLOBO.OI.PHBNYL.OXAMXDB 
0,0,(NH.CjH,Ciy, [1:2;4J. Tetra-ohloro-oxanU* 
ide. [c. 255®]. From oxanilide by chlorination 
in HOAo (Dyer a. Mixter, Am. 8, 849). White 
fibres. 
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DtCHL0£0?HBNn.0XANTHBAN0L 

0„H„C1A co<g||;ci>c(OH).CACi. 

Phetu>l-^hthalid6Xn<hJ<ynd6. [166*^« From di- 
oxy-ph^nyl'Ox^ithranol (phdnol - phthalideKn) 
and ra. at 127)° (Baejer, A. C02. 100). Silky 
needlea afrom alcohol). 

OHLOBO PHEirTI.FHOSPHOBIO ACID 
0,H,ClP04i.«.0,H401O-PO(OH),. [81°J. Formed 
together with p-m-ohloro-benzene by treatment 
of phenol n-sulphonio acid and FCl^ ; the result- 
ing 04H4CI.0.^01 j being deooftiposed by water 
(Kekul6, B. 6, 877 ; 6, 944).— BaA". 

OAZorida CAaO-POa,. (265°). 
d-OHLOBOPHENTL PHT^LIMIDB 
0-0 « 

0,H4<^ [194«-196« unoor.]. Pre- 

^N.04H4C1 • 

pared by heating p-ohloro-aniline with phthalio 
•anhydride (Gabriel, B. 11, 2260). Long fine 
needles. Sol.^hot alcohol, GA» acetic 

“°^t‘.CHL0B0.o.PHENYL.PR0PI0NIC ACID 
C,H,C10, t.e. CH,.CClPh.CO,H. Chloro-hydro- 
atropio acid [73°]. From atrolactio acid and 
HCl in the cold (Merling, A. 209, 19). Small 
prisma, m. sol. hot water, si. sol. cold water. 
Volatile with steam. Attacks the mucous mem- 
brane. Decompc^es at 110°. Boiling alkaline 
carbonates form no styrene. 

/3-Ghloro-a-phenyl-propionio acid 
CHjCLCHPh.CO,^H. Chloro-hydratropic acid. 
[89°]. Possibly identical with the preceding. 
Prepared by the action of HCl on the cyan- 
hydrin obtained from acetophenone and HON 
(Spiegel, B. 14, 235). From tropic acid and PCI, 
followed by water (Ladenburg, A, 217, 77). 
Formed also by the union of atropic acid witn 
fuming HCl at 100° fMerling, A. 209, 3). Colour- 
less prisms. Sol. alcohol, ether, and benzene, 
si. sol. water and ligroin. On boiling with 
aqueous NaOH it gives atropio acid. On heat- 
ing with KajCO, solution to 130° tropic acid is 
formed. Boiling aqueous Na^CO, forms tropic 
aoid and a little styrene. 

o-Chloro-^-phenyl•propionio acid 
C.H ,C1.C,H4.C0.4H. o-Chloro-hydrocinnamic acid. 
[97°]. Needles or plates. Formed by reduc- 
tion of o-ohloro-oinnamic aoid with HI and P 
(Gabriel a. Herzberg, B. 16, 2037). 

t»-Ohloro-i3-phenyl-propioniQ aoid 
C,H4C1.C.,H4.00 A ^ * OMoro - hydrocin7tamic 
acid. [78°]. White easily soluble plates. Formed 
by reduction of m-ohloro-oinnamio acid with HI 
sndP(G.a.H.). 

. p-Chloro-phenyl-propioBio acid. • 
0,H^C3H4.C02H.|>-^AZoro-Ay(froctnnamic acid 
[124^. Formed W redaction of p-ohloro-cin^ 
namio aoi# (G. a. H.). 

/3-Ohloro-jB-phenyl-propionid aoid 
OA.CHCllOHa.CO,H. [126°]. From /B-oxy./S- 
phenyl-propionio aoid and fuming HCl (Glaser, 
A. 147, 96). Very slowly formed by combina- 
tion of cinnamic acid with HCl in cone, aque^ 
ous solutidh ffirlenmeyef , B. 14, 1867). Laminn. 
Split op by heat into HCl and cinnamic aoid; 
and by aqueous NujCO, into OQ,, HCl, and 
styrene. 

a/9-Di-ohloro-jS-phenyl-propionio aoid 
C,H..OH01.GHC1.C0.4H. [164°]. White plates. 


Formed leading 01 Into a OS, solntion of cin- 
namic acid. With aqueous Na,00, it gives «• 
ohloro-styrene (Erlenmeyer, B. 14, 1867). 

{Pjf, l)4}HL0B0.(Pp. 2).PHEHTL.l80aVlBr. 

yOa:OPh 


OLIKB 0|,H„01N iA OA 


[70°]. 


Obtained by reduction of (JF^. l:4)-di-ohloTo-(Py. 
2) -phenyl-isoquinoline with HI and P. Glisten- 


ing pillars. Salts.— BHOl: small thick erjg- 
tals.— B',H2CljPtCl4 ; orange yellow needles (Ga- 
briel, B. 18, 3475). 

(Pp. 4) • Ohloro- {Py. 2) - phenyl - isoquinoline 


. yCH:0P] 

c.h/ I 

\301:N 


. [78?]. Prepared 


by boiling {Py. 4j-oxy-(Py. 2) -phenyl-isoquinoline 
(isobenzalphthalimidine) with POCl, (2 pts.). It 
IS also formed by heating the same compound 
with PCI, at 100°- 130°. Plat pointed needles. 
Sol. alcohol, V. sol. benzene, ether, petroleum- 
spirit, chloroform, and OS,, insol. water. Heated 
with HI andeP at 170° it is reduced to phenyl- 
isoquinoline (Gabriel, B. 18, 3473). 

{Py. l:4)-bi-ehloro-(P^. 2)-phenyl-i8oquinol. 
>CCl;OPh 

ine 0„H.01,N U. ^ [193°]. Ob- 

tained by heating {Py. 4)-oxy-(Py. 2)-phenyl-i80- 
quinoline (isobenzalphthalimidine) with PCI, at 
100°. By boiling with HI and P it is reduced to 
{Py. l)-chloro-(Py. 2) -phenyl-isoquinoline [70°] 
(Gabriel, B. 18, 3473). 

TBI • CHLOBO-TBI-PHEKYL - B08ANILINB 


C,H4Cl.NH.C,H,Me.C(OH)(C,H4.NH.C,H4Cl),. 
Theo-, m- and p-compounds are formed by heating 
rcisaniline with o-, w-, or p-ohloraniline in pre- 
sence of benzoic acid. They dye silk various 
shades of bluish violet (Heumann a. Heidlberg, 
B. 19, 1992). 

DI-OHLOBO-DI-PHENYL SULPHIDE 


(C„H401),S. [89°]. From ‘ thio-aniline ’ 

^(C^H^NH,), by displacement of NH, by Cl 
through the diazo- reaction (Krafft, B. 7, 1165). 

Di-ohloro-di-phenyl di-sulphide (C,H4C1)2S2. 
[71°]. From C.HA.SH and HNO, (8.0. 112) 
(Otto, A. 143, 111). Tables. Zinc and dilute 
H2SO4 reconvert it into chloro-phenyl mercaptan. 

CHLOBO-Dl-PHENTL BULPHONB 
OjHj-SOyCjH^Cl. [52°]. (889°). From benzene 
Bulphonio chloride, benzene, and AI2CI, ; the 
yield is 87 p.c. of the theoretical (Beckurts a. 
Otto, B. 11, 2067 ; 19, 2418). Leaflets. Insol. 
water ; v. sol. hot alcohol. 

Di-o-ohloro-di-phenyl sulphone (G,H401)2S0,. 
[174°]. (360°). Formed*^ sulphonating o-di- 
ohloro-benzene (Friedel a. Crafts, A, Ok. [6] 10, 
414). Crystals. 

bi-ohloro-di-phenyl-sulphoue 
(above 800°). Formed by ohlorinating di-phenyl- 
sulphone in diflusjfl daylight at 100° in presenoa 
of iodine (Otto a. Gruber, A. 149, 180). Oil. 

Di-p-ohloro-di-pheuyl-salphone (0,H4C1),S0,. 
[141°] (0.); [147°] (B. a. 0.). Pbrom chloro- 
benzene and SO, (Otth, A. 145, 28). Also from 
chloro-benfene and C1S0|H (Beckurts a. Otto^ 
B. 11, 2065). Plates. at 150° gives 

chloro-bensene sulphonic add. Sodium amal- 
gam in alooholio solution gives benzene, chloto- 
Beniene sulphonic add, and benzene zulpboaio 
add. 
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GHLORO-PHENYL-THKKJAKBAMIO ETHER. 


CHIOKO.PHE]nrL.THIO.OABBA][IGETHEB 
C^ 4 Cl.NHCIS.OEt. [103^^. Formed by adding 
iodine to an alooholio solution of di-ohloro- 
di-phenjl-thio-nrea (Beilstein a. Eorbatoff, A, 
176,52). Needles. 

o-CHLOBO.FH£im:..THIO.CABBIMIDX 
C,H,(a).NCS [1:2]. [45®]. (260°). Cry^alline 
•olid. Prepared by the action of PjOj on the 
eorresponding urea derived from o-ohloro-nitro- 
benzene (Hoitoann, B, 13, 14). An iaomeride is 
ohloro-methenyl-amido-phenyl-meroaptan 

‘ c.H,<^^ca 

t»*Chloro-phenyl-thiooarbimide 0«H,(C1) .N CS 
[1:3]. (25P®). Prepared by the action of P,05 
on the oorres^nding urea [122®] obtained from 
m-ohlorO‘aniline and GS, (Hofmann, B. 13, 13). 
Liquid. 

|)« 0 hloro-pbenyl-thi 0 ' 0 arbimide GflHdCl).NCS 
[1:4], [46°]. (260°). GrystalUne solid. Pre- 

par^ by the action of GSg on p-chloro-aniline 
and decomposition of the resulting di-chloro- 
phenyl-urea (Hofmann, B. 13, VI ; Beilstein a. 
Kurbatoflf, A. 176, 61 ; Losanitsoh, B. 6, 156). 

DI-o-CHLOBO-DI-PHENYL-THIO-UREA 
0„H„G^N,S ue. GS{NH.G,H,C1),. [146°]. From 
o*chloro>aniline and GS, (Hofmann, B, 13, 14). 

Di^chloro-di-phenyl-thio-urea [122°] (H.). 

])i.«^bloro.di-phenyl-thio-urea [168°]. S. 
(In GSJ -0264 at 13-7° (Beilstein, A, 176, 47). 
From p-chloro-aniline, CSj, and alcohol (Losa- 
nitsch, B. 5, 166 ; Bl. [2] 32, 170). Iodine acting 
on its alcoholic solution forms di-chloro-di- 
phenyl* urea, tri - chloro - tri - phenyl - guanidine, 
chloro-phenyl thio-carbimide, and chloro-phenyl- 
oarbamic ether. 

TEI-CHLOKO -PHENYL- TOLYL-ETHANE 
OAHBOXYIC ACID G„H„G1,0, ».<. 
GH,.G,H,.GH(GGl,j.G.H,.COJI. [174°]. From 
( 0 H,.G,H 4 ),GH.GG 1 , and chromic mixture (0. 
Fischer, B. 7, 1192). Tables (from alcohol). 
Alkalis give GH,.G,H,C(CCl,).CaH,.CO,H. 

DI - CHLOBO - PHEN YL - TOLYL - KETONE 
OABBOXYLIC ACID u. Di -CnLORO-TOLDYn-BEN- 1 

SOXO ACID. 

».C?LOBO-PHEirYIrTOLYL.l[£THAN£ 
CHaG1.0«H4.GH2.G,Hs. A mixture of the o- and 
p- varieties of this body is one of the products of 
the action of benzyl chloride on water at a high 
temperature, the reactioh being as follows : 
20,Hs.G^a - HGl + GHjCl.G,H4.CHrGeH,. The 
mixture on oxidation gives o- and p-benzoyl- 
benZoic acid (Senff, A. 220, 249). 

DI.p-CHL0B0-DI.P;HENYL-DKEA 
(CgH 4 Gl.NH),GO. A secondary product in the 
preparation of CMsl^dto-phenyl thiocarbimide by 
the action of PjO* or of iodine on the corre- 
sponding tliio*urea (Beilstein a. Knrbato£f, A. 
176, 46). Long nCemes (from HOAc). Volati- 
lises at 270®. 

TEI.CKLOIlO.PHLOBO«DCIK C,R,CI,0,, 
[129°]. Formed by passing chlorine ihto a solu- 
tion of phloroginoin in HOAc until the liquid 
ceases to give a red colour with wood (Webster, 
C. /. 47, 428 ; Hazura a. Benedikt, M, 6, 706). 
Blender needles (oontainmg 9aq). Oilute HNO, 
gives oxalic add. Chlorine, in presence of GCl^, 
fives chlorinated acetio aldehyde and tri-chloro- 
icetio acid. When chloriiVB is passed into an 
Aqueous solution of phlorogluoin there is formed 
di-chloro-aoetio add» 


Hexa-Hydride G^HgGliO,. [125°]. From 
hexa-bromo-pnloroglucin dibromide, tin, and 
HGl (H. a. B.). Needles (containing 3aq). 
CHLOBO-PHLOBONE v, GHLORtf-XYLOQUX* 

NONE. - 

tt.CHL0B0^"»HTHALIC ACft) t.s. 

C, H,Cl(CO^), [4:2:1]. [148°] (0. a.«,b.; G. a. 
B. ; C. a. M.) ; [130°] (I.) ; [c. 134°] (K.). 

Formation. — 1. By oxidation of (el-di-ohloro- 
naphthalene [135°] (A16n, Bl [2] 36, 434), of 
chloro- (j3)-naphthol (Clausa. Dehne,B. 16,320), 
of the two ohlQ?o-toluio acids [130°] and [166°] 
(Kruger, B. 18, 1758), of (‘ j? ’)-di-ohloro.(a)- 
naphthoquinone (Claus a. Muller, B. 18, 3076), 
and of chloro-di-ethyl-benzene (Istrati, 'A. Ch. 
[6] 6, 413).— 2. By saponify^g ^he chloride 
which may be formed by the action of PClj on 
the tri-chloride of sulpho-phthalio acid 

»>OeH,.SO,Cl (fi5e, A. 233, 236). 

Properties.— Small needles. V. sol. water aq^ 
alcohol ; m. sol. dilute IICl, chloroform, and CSj, 
si. sol. benzene, insol. ligroin. ^With resorcin it 
gives a chloro-fluorescein. 

Salts. — K^A": large needles, v. sol. water. — 
BaA'': amorphous; si. sol. water. — BaH.^'',: 
small needles, si. sol. water. — CaA" : scales, si. 
sol. water. — Ag^A" : white pp.’ 

Anhydride C,H3C1<;;^2>0. [96°] (C. a. 

D. ); [97°] (G. a. R. ; K.) ; [514°] (I.). Formed 
by heating the acid. Triclinic needles (by sub- 
limation). 

Methyl ether Vic, k". [37°]. Needles. 
Ethyl ether EtA''. [—20^]. (c. 803°) 

(Graebe a. R5e, C. /. 49, 528). 

Chloride C,H,C1<^q *>0. (276°uncor.). 
Liquid. 

Imide C,H,C1<^q>NH. [211°]. Prom 

the anhydride and NH3 (R6e, A. ^33, 236). 

c-Chloro-phthalic acid CiH,Cl(CO^H).^ [3:2:1]. 
[184°] (G.) ; [ISUj (K.). 8. 2- 16 at 14°. 

Fomiatiork.—l. By oxidation of ohloro-toluio 
acid [164°] with KMnO, (Kruger, B. 18, 1758).— 
2. By oxidation of (7j-di-chloro-naphthalene 
[107°] with CrO, in HOAc (Guaroschi, 0. 17, 121 ; 
B. 19, 134). 

Properties.— Long needles ; si. sol. cold, v. 
sol. hot, water; v. sol. alcohol and ether. Gives 
the anhydride on melting. Heated with phenol 
and cone. H3SO4 it gives a phthalein which dis- 
solves in alkalis forming a violet solution. 

Salts. — BaA"aq : long silky needles, v. sol. 
cold, si. sol. hot, water. By boiling with water 
it is coavertpd into*an insoluble crystalline pow- 
der BaA" aq.— AgjA" : crystalline pp. 

Anhydride O.H,a<“>0. ^ '[123"]. 

Needles (by sublimation). By chlorination of 
phthalic acid Auerbach (/. 1880, 862) obtained 
an (impure ?) phthalic acid [150°] whose anhy- 
dride melted at 143°. 

Di - ehloro - phthalio told G0H3G1,(GO,H) 
Formed by oxidation of the tri-chloio-naphtha 
ene [90°] (from (i8)-naphthol-(i^-di-Bnlphonate 
and PGlj, by heating with dilute HNO, (8.G. 
1‘16) at 210°. Syrup. Gould not bo obtained 
crystallised although apparently pure. 

Salts.'-The Na and K salts are excessively 
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sol water.— A"JBa : ▼. lol amorphous solid.— 
A"Agj: white pp., neai^ insol. cold water.— 
i'Tb: inyol. white pp. (CUaus a. Sohmidt, B, 19, 
B176). 

(i3)-]^-ohloro4>htlialio acid 0,Gl2H,(C0,H)2. 
[118°]. Formed by oxidation (A a ohlvinated 
naphthalene (Graebe a. Le Boyer, A, 238, 360). 
V. e. sol. hot water, m. sol. cold water or aloohoL 

Salts .-(NH^,A". — Ag^" - OaA" 4aq — 
BaA" 2aq. 

E t h e r 8 .-EtjA" [60°].-EtHA" [76°-860].— 
Et(NH,)A". • • 

An/ij/drideC,Cl,HAO,. [o. 161°]. (340°). 

Chloride OjClatt^OaOjClj. [below 60°J. (o. 
314°). 

TetracHlomde 0,01, 001^ [117°]. 

(above 800°). 

Imide OjOljHjOj^NH. [191°]. Reduced 
by Zn and HCl to diohlorophthalimidine [210°]. 

Di-chloro-phthalio acid 0,H,Cl,(G0oH),. 
[t83°]. Formed by oxidation of the di-chloro- 
o*xylene [4°] by^ilute HNO, (Claus a. Kautz, 
B. 18, 1370). Formed also by oxidation of (‘ 3 ’)- 
di-ohloro-naphthaleno (Atterberg, B. 10, 647) ; 
and by boiling di-chloro-naphthalene tetra- 
chloride witn HNOs(Faust, A. 160,64). Prisms; 
V. sol. hot water, alcohol, and ether. 

Salts.— BaA" aq.—CaA" 4aq : prisms, si. sol. 
water. 

Anhydride [187°]. 

Trl-chloro-phthalio acid 0,HC1,(C0JI),„ 
Formed by oxidation of tri-chloro-o-xylene ['.»3°J 
by dilute HNO, (Claus a. Kautz, B. 18, 1.S70). 
Formed also by the action of cone. HNO, on (3)- 
pcnta-chloro-naphtliafene (Atterberg a. Wid- 
rnann, B. 10, 1841). Yellowish-white mass; con- 
verted by heat into the anhydride. 

Anhydride [167°]. Needles. 

Tetra-chloro-phthalio acid G,Cl4(CO .H),. 
[260°]. S. -67 at 14° ♦ 3-03 at 99°. 

* Formation.— 1. From (o)-penta-chloro-naph- 
thalene and dilute HNO, at 190° (Graebe, A. 
149, 18).— 2. Together with jpenta-chloro-(a)- 
naphthoquinone, by oxidation of hepta-chloro- 
naphthalene [194°] with HNO, (1-6 S.G.) at 100° 
(Claus a. Wenzlik, B. 19, 1166). 

Preparation. — Phthalio anhydride (6 kilos.) 
is heated with SbCl, (30 kilos.) at 200°, and 
chlorine is passed in for 10 hours. The product 
is distilled (Gnehm, A. 238, 319). 

Properties.— Plates (from water). V. sol. al- 
cohol and ether, si. sol. benzene and chloroform. 

Beactions. — 1. Converted by heat into HoO 
and its anhydride. — 2. Calcium salt gives octo- 
chloro-anthraquinone (in small quantity) when 
distilled (Kircher, B. 17, ll70).-3. ^odvim 
amalgam reduces i* in dilute aloohblic solution 
to phthalio acid (Claus Spruck, B. 15, 1401) ; 
the reductiqp is better performed in aqueous so- 
lution, but hydrophthalic acid and other products 
are also formed (Graebe, A, 238, 323). —4. HI 
and P at 230° give tetra-chloro-s-phenylene-di- 

methyl oxide, CiCl4<^Q{^)>0, and some tetra- 

chloro-phthalide 0,C1 ,<*q»> 0. The latter 

body is also produced by the action of aino-dust 
and glacial aoetio acid.— 6. PCI, forms 

c.ci.<^'>>0 »«a C.ci.<°°j|>a 


Salts. — K,A".-BaA 2J;aq.-BaA' SIm 
(T ust, B. 21, 1682).-CuA"2aq.-Ag,A" 

EtherB.-EtA". [60-6°].— EtHA". [96°].— 
Me,A^ [92°]. 

Anhydride 0,0l4<^>0. [246°]. 

oUloride 0.01,<®^^>>0. [118°]. (836°) 

at 783 mm. From the anhydride and POl, at 
220 °. 

Tttraehloridt 0.0, <^^0. [140«]. , 

Imide 0,01*0,0., NH. Prom NH, and the 
anhydride. • 

(t) CHIORO-ISO.PHTHAIIO ACID 
0,H,01(00,H),. [278°]. S. *026 at 16°. 

Pr^ration.—iL solution of amido-iso- 
phthalio acid iq HOI is mixed at 0° with NaNO„ 
and the pp. of the hydrochloride of diazo- iso- 
phthalio acid is gently warmed with HOI. 
Orystallised from water (Beyer, J. pr. 183, 606). 

Prqperites.— Slender needles (from water). 
When dried 8ver HjSO* they contain water 
(^aq). V. si. sol. hot water. 

Salts.— The neutral potassium salt gives 
no pp. with solutions of salts of Oa, Sr, Ba, 
Mg, Zn, Mn, Oo, Ni, nor with HgOl,. It gives, 
with OdSO*, bulky white pp. ; Fe,01, light 
brown pp.; Pb(OAo), and AgNO„ white pps. 
soluble in hot water. OuSO*, blue pp.; 
Hg,,,( NO,),, white gelatinous pp. A"K,: needles 
arranged like ferns. — A"Na^— A"Mg 7aq. — 
A"Oa2aq. S. 3 64 at 16°. -A"Sr aq. 8. *929 at 
16°.— A"Ba 2aq. S. 1*41 at 16°.— A"0d. S. -803 
at 16°. — ^A^Ag,. Gelatinous pp. Orystallises in 
smell needles (from hot water). 

Ethyl ether A"Et, [46°]. Short prisms 
(from ether). 

Chloro - tore - phthalio aoiA •. Ohlobo- 

TEREPHTHALIC ACID. 

DI-CHLOKO-PHTHALIBB 
OAC13<0 q’>O. [122°]. From the chloride 

of di-chloro-phthalio acid C,H,C1 ,^q^]> 0 by 

reducing with Zn and HCl (Le Boyer, 238, 
356). Also from nitroso-di-chloro-phthalimid- 
ine and alkalis. Crystals (from alcohol). 

l)i-chloro-phthalid*e C,H,C1 ;<^q’>0 

[1:4:5:6]. [163°]. Formed, together with di- 
chloro-(o) -naphthoquinone by oxidation of di- 
chloro-naphthalene [68°]„with CrO, and glacial 
acetic acid. Short prisms or flat needles. Sol. 
alcohol and ether, v. si. 8ol.*vj^ter. Sublimable. 

It does not react with hydroxylamine (Guar- 
eschi, B. 19, 1166). 

• Tetra-chloro-phthalide C,0l4^^]^0. 

[208*6°]. From tetatohlorophthalio anhydride, 
gltmial Bt)Ao and zinc-dust (Graebe, A. 288, 
830). V. si. sol. cold alcohol ; insol. NajCOnAq ; 
sol. boiling NaOH and reppd. by acids un- 
altered. 

GHLOBO-PHTHALIMIDSo. Imide o/Ohlobo- 

PBTHALIO ACID. 

DI-CHLOBO.PHTHALimPlHE 

0.H.C1.<^^>NH; piio"]. Piomdl^ihlM*- 
phthalimide, tin, and HOI (Boyer, A. 288, 866)» 
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CrjsUla (from ohloroform). Gives a nitroso* 
denvative. 

TSTJIA0HL0B0.DIPHTBAL7L OuH^OlA 

✓ 0 0 V 

<.«. Formed by 

the condensation of tetra-ohloro*phthal^e and 
phthalio anhydride without the use of sodium 
acetate (Graebe a. Guye, A. 283, 245h Brownish 
yellow powder; insoh alcohol, glacial acetic 
acid and toluene ; soL chloroform, aniline and 
phenol. 

OHLOBOFHTLL — the peculiar substance to 
which the green colour ^of leaves and other 
parts of plants is due— was first examined by 
Pelletier and Gaventou, who called it chloro- 
phyll. From the chemist’s point of view it is 
simply an organic oolouiing m^ter, like indigo 
or alizarin. 

It is important to bear this in mind, since 
much confusion and misunderstanding have 
arisen from the term chlorophyll having been 
applied to distinct things. Some Chemists under- 
stand by chlorophyll the sum of the coloured con- 
stituents of leaves insoluble in water, and it has 
accordingly been proposed to call that consti- 
tuent the colour of which inclines more to blue, 
K^^Mophyllf while that constituent or group of 
constituents which gives solutions of a yellow 
or greenish-yellow tint should be named Xan- 
thopkylL In works on vegetable physiology the 
term chlorophyll is sometimes applied to the 
complex of substances contained in living green 
cells, which take part in the process of assimi- 
lation and of which the colouring matter con- 
stitutes a portion, and chemists, following this 
example in giving a name to the whole which 
should have been confined to one part, have 
been led to ascribe to chlorophyll properties 
which no mere chemical substance can possibly 
possess. In order to avoid confusion it should 
therefore be understood that in using the term 
chlorophyll we mean simply the substance— or 
it may be mixture of substances— to which 
the pure green colour of ordinary healthy leaves 
and Cl other vegetable organs, such as unripe 
fruit, is due. The appearance in leaves of any 
colour other than green, such as red, yellow, or 
purple, would indicate tlv) presence of some sub- 
stance accompanying the chlorophyll and dis- 
guising its colour or even replacing it entirely. 

Chlorophyll is invariably present in vege- 
table cells in which the process of assimilation, 
t.e. the formation or organic matter from CO.^ 
and FLO with eliciination of O, is going on. 
Paraeiuo and otbSr plante, snoh as fungi, which 
obtain their nntriment iready-formed from other 
organisms or from deca^ng organic matter, and 
do not decompose CO, in the same way as the 
majority of plants, coi^in no chlorophyll. 
Plants or shoots grown in the darkiirom seeds 
or tubers are also devoid of chlorophyll ; they 
grow at the expense of the matter stored op in 
the seed or tuber, and when this is exhausted 
they die. The appearance of chlorophyll in 
etiolated plante on exposure to ught indicates 
the commencement of assimilation. It is cer- 
tain, therefore, that chlorophyll plays some part 
in the process of assimilstion, and that its 
presence is essential, but how it acts in assist- 
«Dg the {ffocesa is unknown, it# physical and 


chemical properties, so far as they are knowfi 
to us, affording no certain clue to the solution 
of the problem. In the green cells., of plants 
the chlorophyll is found associated with the 
protoplasmic constituent fro£& which? it may 
be easily sepairated by treatment with sdoohol 
or ether. The green oorpusoles seen fh vegetable 
cells are in fact masses of albuminoid and other 
matters, permeated and tinged by chlorophyll, 
which is probably contained in a state of solu- 
tion in the cell and not as a solid. 

Physical Sid chemical pr(t;periie\ of chloro* 
phyll . — Considering the great importance of 
chlorophyll in relation to the process of assimi- 
lation in plants, it can hardly be a matter for 
surprise that it should very** freJJuently have 
been examined. The literature of chlorophyll 
is very extensive, and^ comprises memoirs by 
physicists, chemists, and physiologists, some of 
them men of great eminence in their respective 
branches of science. Nevertheless, our kno**./- 
ledge of its properties, physi^ and chemical, 
is very scanty. The imperfect state of our 
knowledge of the subject is due to several causes. 
In the first place the quantity of chlorophyll con- 
tained in an extract of leaves, though the latter 
may be intensely coloured, is extremely small ; 
secondly, chlorophyll is associated in the plant 
with large quantities of other substances, colour- 
ing matters, resins, fats, (&Q,, which accompany 
it on extraction with ordinary solvents, and 
from which it cannot easily be separated; 
thirdly, it is a substance which is very apt to 
undergo change, so that during any process of 
purification to which it may be submitted, it 
will almost certainly be more or less altered; 
fourthly, chlorophyll, like mostsubstanoes which 
play an important part in the vegetable or 
animal economy, is certainly amorphous, and 
the freedom from impurity of any specimeu 
must therefore always be more or less doubtfuL 
Some observers have desoribed* bodies which 
they have held to be crystallised chlorophyll, 
but the writer is of opinion that these were in 
all oases products of decomposition derived 
from chlorophyll. Chlorophyll contains nitro- 
gen in addition to carbon, hydrogen and oxygen, 
but the percentage is certainly not large. It 
has been supposed to contain iron like the 
hemoglobin of blood ; after incineration a minute 
quantity of ferric oxide is indeed always found 
in the ash, but whether this is derived from 
chlorophyll, or from some substance or sub- 
stances accompanying it, is uncertain. The 
ash also contains calcium and magnesium 
phosphates, but ef these again it cannot with 
certainty be said that they are constituents of 
chlorophyll itself. Ohloropbyll may^ be de- 
scribed as a neutral body, l^e indigo, having 
the properties neither of an aoid nor a base ; 
in constitution it may resemble j^e fats or the 
lecithins, as suggested by Hoppe-Seyler. Though 
not itself a gluooside, it is ^ways found asso- 
ciated with a body having the characteristics 
peouliar to that olaM, as was fir^^ pointed out 
by the writer. 1 

Chlorophyll is insoluble in water, but soluble 
in alcohol, ether, carbon disulphide and ethereal 
oils. 

These solutions show a lively green colour 
of great intensity, accompanied by a marked 
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red llaofesoenoe. The solatlone ghow an ab- 
lorption speotrum which is quite oharacteristiCi 
and must therefore be shortly described. A solu- 
tion of chlorophyll made by extracting fresh green 
leaves witfc alcohoPor ether is four^, when very 
dark, to absorb nearly the whole s^otrum, only 
a narrow strip of light at the extreme red end 
being visible. When the solution is made paler 
by the addition of more solvent, the green of 
the speotrum begins to appear, a faint absorption 
band showing itself about the middle. On still 
further diluting, other bands make*their appear- 
ance in sucoession. When an average depth of 
colour is reached the following absorption bands 
are seen A very dark band beginning close 
to the line B atid ^tending over C, followed by 
a second band between G and D which is much 
lighter, after which oonms a third still paler 
one beyond D and close to the latter, lastly, a 
fourth band is seen partly on E which is usually 
th^faintest of all, but is sometimes as dark as, 
and even darker 4han the third (see Fig. i.). 
Total obscuration begins about the line F. The 
four bands just described are usually marked 
with the numerals I.-IV. in accordance with 
the notation employed by Angstrdm, and are 
seen so constantly and invariably, when proper 
precautions are taken to have a solution of un- 
changed chlorophyll of average strength, as to 
constitute a certain Aest for chlorophyll, which 
may accordingly be defined as the substance 
which in solution shows this particular absorp- 
tion spectrum. It should be mentioned that 
there is a considerable amount of obscuration 
throughout the whole speotrum of chlorophyll 
solutions, excepting only at the extreme red, so I 
that the parts usually represented as white are ; 
in reality more or less darkened, and also that | 
the bands, with the exception of band I., are not 
so sharply defined as 4he ordinary representa- 
tions would lead one to suppose in consequence 
of the edges gradually shading ofT. Opinions 
difffir as to whether the same absorption spec- 
trum is seen when a green leaf is placed before 
the slit of a speotroscupe, some observers main- 
taining that only band 1. is discernible, while 
others say that all four bands can be made out, 
the only difference being that the bands are all 
shifted towards the red end, from which it has 
been inferred that in the plant chlorophyll 
exists in a state of solution, the solvent having 
a density greater than that of alcohol or ether. 
Betuming to the solution of chlorophyll showing 
the speotrum just described, let us now see what 
takes place on further dilution. A beam of 
sunlight having been thrownen the slit of the 
spectroscope the solution is to be cdnsiderably 
dilutedwntil it becomes quite pale. It will then 
be found th|jt band I. having become narrower 
and pder has left the line 0 altogether and 
taken its plij^e near B ; band II. has become 
much narrower and paler, but remained in the 
■ame place, while bands III. and IV. have 
entirely disappeared. At the other end of the 
spectrum, h(wever, two i||ile, ill-defined bands 
have made theitf appearance, one being situated 
between P and O/^ho other on O (see Fig. ii.). 
These bands are numbered V. and VI. Whether 
they belong to chlorophyll itself or to some 
other colouring matter accompanying it is un- 
Mrtain, no one hsving as yet saooeeded in 


obtaining a solution of chlorophyll in whidi 
they are not seen, provided the solution is 
sufficiently dilate and is observed in sun-lighl 
The writer is of opinion that the two bands 
belong to a yellow colouring matter (xantho- 
phyll?) always accompanying chlorophyll, from 
which tie latter cannot be separated. It is 
certain that all leaves contain a colouring 
matter, the chrysophyll of Hartaen |BougarerB 
erythrophyll), which may be obtained in lustrous, 
orange-coloured crystals, and gives yellow solu- 
tions, showing two distinct absorption bands at 
the bine end— not exactly in the same position 
as those just referred* to— but no trace of any 
band in the other parts of the spectrum ; the 
bands V. and VL may belong to a nearly allied 
substanoe. 

The absorption bands of chlorophyll solu- 
tions were first clescribed by Sir D. Brewster, 
who was also the first to observe the red fluor- 
escence of these solutions. The bands were 
next examined by Stokes and Angstrdm, by the 
latter of whom liey were also correctly figured. 
Many other observers have worked on the same 
I field : among these the following may be named : 

I Askenasy, Gerland and Bawenhoff, Hagenbaoh, 
i Harting, Kraus, L. Liebermann, Lommel, A. 
Meyer, Micheli, Morot, Pringsheim, Bussell and 
Lapraik, Sacclise, Simmler, Sorby and Wiesner. 
The memoirs of Hagenbach, Kraus, Lommel, 
Pringsheim, Bussell and Sorby on the subject 
are especially worthy of study. It should be 
mentioned that some of the absorption spectra 
figured in memoirs on chlorophyll really belong 
to derivatives of the latter. Whenever in such 
figurq^ band IV. appears rather dark and is 
followed by another dark band nearer the blue 
end, we may conclude that the observer has 
worked with a specimen of chlorophyll that has 
undergone some change. 

Prodiicti of decomposition of chlorophyll.’^ 
A solution of chlorophyll inclosed in a sealed 
tube and kept in the dark retains its colour for 
any length of time, but in an open vessel, espe- 
cially when exposed to light, the colour dis- 
appears rapidly, only a faint yellow tinfe re- 
maining; what is formed during this change, 
which is doubtless due to oxidation, is not 
known. , 

By the action of acids chlorophyll under- 
goes a marked change, which no one who has 
worked with the substanoe can have failed to 
observe. When to an alcoholic solution of chloro- 
phyll a small quantity oP sulphuric or hydro- 
chloric acid is added, the colour of the solution 
ohanges at once from a bright green to a dull 
yellowish-green or olive. Examined in the 
usual manner the speotrum will be found en- 
tirely altered; bands I. and II. have become 
more distinct from the clearing up of the space 
between th# two, ban*9 III. appears much paler, 
snd band IV. much darker, than before. After 
the solution has stood for some time band IV. 
will be found to have greatly increased in in- 
tensity, while another dark band has made its 
appearance niar the line F just in front of the 
part where total obaouration begins. This it 
what has, not very appropriately, been called 
the absorption speotrum of acid ohhrophyUt 
and is due to the formation of products derived 
from chlorophyll by a process the natnic. of 
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which ii not understood. That this process is 
not such n one as might admit of explanation 
fay supposing chlorophyll to have the constitu- 
tion of a salt, its acid constituent being expelled 
by the addition of a stronger acid, is proved by 
the fact that if alcoholic potash or soda be 
added in excess to a solution of olflorophyll 
which has been acted on by acids, the original 
bright green colour is not restored. To those 
conversant with the decomposition of complex 
organic substances, another explanation may 
suggest itself, viz. that the change is due to 
hydrolysis in presence of an acid, accompanied 
perhaps by a splitting up of the same kind as 
that which glucosides undergo when acted on 
by acids or ferments. Bussell and Lapraik are 
Qf opinion that the change is a molecular, not a 
chemicfd one. Weak acids produce the same ' 
change as strong ones, but only after some time, i 
On the addition of a comparatively large quan- 
tity of acetic acid to an alcoholic solution of 
chlorophyll, no change of colour is perceived at 
first, nor is the spectrum in an^ way altered, but 
on standing the colour alowly passes over to yel- 
lowish-green, and the same bands make their 


aoetio acid, chloroform, benzene, and carbon dll* 
sulphide. The solutions show an absorption 
spectrum with five bands (see Fig. iii.). It 
dissolves in concentrated CIH and SH.^O^ giving 
solutions of . a bright blue oK^lour, aird is repre- 
cipitated utichanged by water. It dissolves in 
alkaline lyes, but is entirely changed by the 
aotion of the alkali. Its most interesting pro- 
perty is that of yielding by the combined action 
of acids, chiefly organic acids, and metallio 
oxides, such as cupric, ferrous and zino oxides, 
compounds, the solutions ot which are bright 
green and closely resemble solutions of chloro- 
phyll not only in colour but in other respects 
also. 

Phyllocyanin is remarkabld* for its great 
stability ; its solutions remain for a long time 
unchanged whan exposed to light and air, 
whereas solutions of chlorophyll are rapidly 
bleached under the same circumstances. Phyl- 
locyanin yields with alkalis and reducing agVjnts 
products which show absorption spectra of 
great variety and beauty (see Pigs. v. and vi.). 

I Phylloxanthin resembles phyllocj anin in many 
I of its properties, but is a less interesting sub- 


appearanoe aa when a strong acid is employed. 
The same change frequently takes place when 
a BolatioQ of ohlorophyll is left to stand in a 
loosely-stoppered bottle kept in the dark; in 
this case the effect is probably due to the pre- 
aenoe of some substance, an ethereal oil for 
inatanoe, which by oxidation yields an acid of 
tome kind. Some leaves, such as those of the 
vine and Virginian creeper, naturally contain 
mnoh free acid which, on extraction of the 
leaves with alcohol, accompanies the chloro- 
phyll and changes it after a short time. 

In order to obtain the products derived from 
ohlorophyll by the action of acids, fresh green 
leaves are extracted with boiling spirits of wine; 
the liquor after straining is allowed to stand, 
so that a portion of the fatty matter contained 
in it may be deposited, after which it is filtered 
and a current of hydrochloric acid gas is passed 
through it. By the action of the acid a dark 
brocnish-green flocculeut precipitate is formed, 
which after standing is filtered off and washed 
with alcohol. This precipitate contains two 
peculiar colouring matters, which Fremy named 
•phyllocyanin and phylloxanthin, along with im- 
purities ot a fatty nature. The two colouring 
matters are separated by Fremy’s method ; the 
mixture is dissolved in ether, and the solution 
is shaken up with about a quarter its volume of 
concentrated Cl^ whereupon it separates into 
two layers, an epper yellowish-green one con- 
taining phylloxanthin, and a lower bright-blue 
■one containing phyllocyanin. 

The phylloxanthin of the upper stratum is 
largely contaminated by fatty matter, from 
which it cannot easily^ Oe separ^ed, but the 
phyllooyanin Jfrom the lower stratum can be 
purified and is obtained in microscopic crystals, 
which are generally opaque, but when very 
<thin appear olive-coloured by transmitted light. 
The general properties of phyllocyanin have 
been described by the writer, but a few only of 
•these can here be mentioned. Phyllocyanin is 
a body enfoly sui generiit resembling no other 
•natural oolonriug matter. It is insoluble in 
water and ligroiu, but soloble in alcohol, ether. 


stance. Its absorption spectrum shows only 
four bands (see Fig. iv.). It will be seen that 
when the two substances are present together 
in solution, the bands of phylloxanthin will be 
concealed by those of phyllocyanin. 

On reading some of the older memoirs on 
chlorophyll, sucli as those of Berzelius, Mulder, 
and Fremy, it will bo evident that the authors 
worked not with chlorophyll itself, but with 
products due to the action of acids on the latter. 
It is probable that the chlorophyllan of Iloppe- 
Seyler and the hypochlorin of Pringslieim are 
products belonging to the same class as phyllo- 
cyanin and pliylloxanthin. According to Tsohirch 
chlorophyllan is the fij^st product of the action 
of acids on chlorophyll, and splits up into 
phyllocyanin and phylloxanthin when the ac- 
tion of acid is prolonged. This short account 
may serve to show that our knowledge of the 
derivatives of chlorophyll is still very defective. 

Chlorophyll in i elation to plant life. — There 
can be no doubt that the presence of chloro- 
phyll is neces'-ary during the process of assimi- 
lation by plants, but what part it plays in the 
process is unknown. It was at fiist supposed, 
considering how powerfully the more refrangible 
end of the spectrum is absorbed by solutions of 
chlorophyll, that it was especially the blue rays 
that effected the decomposition of CO^ and HjO 
within the cells. This idea was soon abandoned 
in favour of anethor theory, according to which 
it id the *ed rays that are more active than the 
others in promoting* assimilation, tl^ being 
also strongly absorbed by* chlorophyll. The 
latest investigations make it prodahlo that the 
yellow rays, which are the least absorbed of any, 
produce a more abundant evoltltion of 0, and 
consequently a greater amount of decomposition 
of COj and H.H than either the red or blue 
rays. Pringsheim is of opiniop that chloro- 
phyll acts simply ds a screen^ which absorbing 
the less refrangible rays,m^erates the energetic 
heating and oxidising aotion of the latter daring 
the process of assimilation. All that can be 
positively asserted with regard to this part, of 
the subject is that the colour, i.s. the alsorp- 
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kiTO power of chlorophyll has something to do phyllfarbstoffCt Stnttgart, 1872 ; Kromejer, 
with its mode ol action. Zerlegung des Chlorophylls in emem blatien 

It has Ijeen thought, and wo often find it und einem gelben Farbstoff, Ar. Ph. 165, 164 ; 
stated in books, that chlorophyll has itself the L. Liebermann, Site^ W. 72, 699 ; Lommel, Ueb. 
power of ^bsorbini; CO, and evolving 0 ; at- d. Verhalten d. Chlorophylls sum Licht, P. 143, 
tempts have even been made to pAve that this 608 ; Meyer, Das Chlmophyllkorn^ Leipzig, 
takes place fh oi <inary solutions of chlorophyll. 1883 ; ijicheli. Arch. d. Sc. de la bibl. univ. d» 
Thisis, however, erroneous; it is certain that the Gejiivct Mai 1867; Morot, Ann. das Sc. Nat. 
complex which physiologists call the chloro- 3rd ser. 13, ICO ; Mulder, Ueber d. Chlorophyll^ 
phyll corpuscle, or simply chlorophyll, has the J. pr. 83, 478 ; Pelletier et Caventou, Sur la 
power of decomposing CO, and H^O with evolu- nuiiUre verte des feuilleSf A. Ck. 9, 194 ; 
tion of 0, but th^ any such po\iter resides in Pfaundlcr, A. 116, 37 ; Pringsheim, Untcrsuch- 
the colouring matter when dissociated from the ungm ilb. Lichtwirkung u. Ghlorophyllfunctum * 
other constituents of the complex must be in- in d. PJlamen, Leipzig, 1881 ; Russell and 
correct, since it is opposed to all that we know Lapraik, A Spectroscopic Study of Chlorophyll, 
of the ohemictfi preperties of organic substances. C. /. 41, 3.34; Sachsse, Die Chem.u. Physiol 
List of the most important memoirs and d. Farbstojfe, Leipzig, 1877; Schunck, Con- 
works on chlorophyll:— tribiitims to the Chemisti-y of Chlorophyll, Pr. 

AngstrSm, Ueb. d. grifne Farhe d. Pflanzen, 39, 848, 42, 184 7 Simmler, P. 116, 603 ; Sorby, 

P, 93, 476 ; Askenasy, Bot. Ztg., 1867, 225 ; Comparative Vegetable Chromatology, Pr. 21, 
•abod r p g 
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Berzelins, Untersuchung d. Blattgrilns, A. 27, 462; Stokes, On the supposed identify of Bill- 
296 ; Brewster, On the Colours of Natural verdin with Chlorophyll, vfith remarks on the 
Bodies, T. E. 12, bZQ; ChmiShtd, Emnum spec- Constitution of Chlorophytl, Pr. 18, 144; 
troscovigue de la chlorpphylle, 0. R. 70, 103, Tschirch, Untersuchungen ilb. d. Chkirt^hyU, 
670, 1081, 1066, 1273; Filhol, 0. B. 61,371; Berlin, 1884; Yerdeil, Eecherches s. la mat. col 
66, 1218;79^612t Fremy, Sur la matUre colo^ verte des fcuilles, 0. R. 83, 689; Wiesner, 
rante verte ^s feuilles, G, R. 501? 405; 61, 188; Bemerkungen ilb. d^angcbl. Bestandiheile d, 
Gautier, Sun la chlorophylls, C. R. 89, 862 ; ChloroMlls, Flora, 1874, 278, B. S. 

Gerland and Rawenhoff, Recherches sur la CHLOBO-PICOLINE v. Ohloro-mbtbil-pt- 
ehlorophyUe, Ar, N. 6, 97 ; Hagenbach, Unter^ bidine. 

suchungen ilb. d. optischen Eigenschaften d. CHLOBO-FICOUHIO ACID v. OeLOBO-nBi- 
Blaitgiilns', P. lit, 246 ; eHarting, P. 96, 548; dxnb oarboxvjo acid. 

Hansen, * Der vhhrophyllfarbstgff,* Arb. d. bot. OHIOROFIOBIN 9 . TBX-«BLOBO-xmo-iii. 
Inst, in WUrsburJ, 8, 1 ; Hartsen, 0, 0. 1872, tbame. 

624, 1876, 618 ; Hoppe-Seyler, Ueber d, Chloro- 0HL0B0FLAIIKATB8 v. nktauoM lindM 
Phyll d. Pflansen, H. 8, 1879, 889 ; 4. 1880, 193, Putinum. 

6i 1881, 76 1 Kraof, Zwr Kmmiss d, Ohhro- OELOBO-PBOFAHS f. Pbo?il 
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ft^-DiMsMofo-propane Cj,H^Cl, le, 
CIH,.OHG1.G£L01. Propylene chloride. MoL w. 

S.G.ttl-684; 1166 (P. a. S.) ; 

** 1*160 (Lmnemann, A, 161, 62). 

FonnaUon.-^l. From chlorine and propylene 
(Oahonrs, A. 76. 283; Reynolds, A. 77, 124).— 
2. From ohloro-iodo-propane and Cl (ihiedel a. 
Silva, 0. R. 76, 1596). — 3. From propane and 
Cl (jSohorlemmer, Pr. 17, 872 ; A. 160, 214).— 
Together with CHa.COlj.CH,, by chlorinating 
CH,.GHC1.CH, in sunshine (Friedel a. Silva, Bl. 
[2] 16, 8). — 6. From isopropyl chloride and ICl 
(Friedel a. Silva, 0. R. 73, 1380).— 6. From 
allyl chloride and oono.rHCl at 100® (Reboul, 
A, CK £6] 14, 468). 

Reactions . — L Alcoholic KOH gives a-chloro* 
propylene CH,.CC1:CH, (Friedel a. Silva, A. Ch. 
[4] 16, 849)*— 2. Water (20 vols.) at 220® gives 
propionic aldehyde and acet6ne. Water and 
PbO at 160® give propylene glycol (Eltekoff, B. 
6, 6&9). — 8. Cone. HI at 160® gives isopropyl 


cM^i-ehlcro>propane CH,.CH2.CHC1,. Pro- 
pylidme chloride. (86®). S.G. in 1*143. Formed, 
t^ether with ohloro-propylene CH,.CH:CHCI, 
by the action of PCI, on propionic aldehyde 
(Rebonl, A. Ch. [6] 14, 458). Alcohohe KOH 
gives GH,.CH:CHG1 (34®). 

ott-Di-fthloro-propane GHj-CCa^CH,. Chlor- 
aeelol. Methylchloracetol. (70®). S.G. j' 1*0906; 
If 1*0848 (Perkin, C. J. 45, 629) ; « 1*827 (Linne- 
mann. A, 161, 67). H.F.p. 42080. H.F.v. 
40340 (2%.). 

Formation,’^!, From acetone and PCI, (Frie- 
del, A, 112, 236). — 2. From isopropyl chloride 
and Cl (Friedel a. SUva, 2. 1871, 489).~3. From 
aUlylene and fuming HCl in the cold (Reboul, 
A. Ch. [6] 14, 463). 

Reactions. — 1. Alcoholic EOH forma a-chloro- 
propvlene CH,.CC1:CH, (24®).- 2. AgOBz gives 
(CHJ,G(OBs)j,. — 3. IFafcr (8 vols.) at 170® gives 
acetone (Oppenheim, B. 2, 213). 

w/9- Bi . chloro - propane CH^C1.CH,.CH,C1. 
Trimeihylene chloride. (119®). S.G. is 1201 (B.); 
^ 14896 (F.). From the corresponding dibrom- 
ide and HgCl, at 180® (Reboul, A. Ch. [6] 14, 
463). Formed also from triraethyleno glycol 
CH,0H.CH,.C930H andHGl (Freund, M.2, 638). 
Alcoholic KOH gives allyl chloride. 

«Mi3-Tri.chloro-propane C,H,C1, w, 
0H,01«CHC1.CH3C1. Trichlorhydrin, Olyceryl 
chlorids, Allyl truMoride. (168®). S.G. H 
1*8984; If 1*3878 (Perkin, 0. /. 46, 632); t 4.41 
(0.). Mil. 7*897 at 21*6®. 

Formation. — 1. From glycerin diohlorhydrin 
(^-ohloro-propyl alcohol) and PCI, (Berthelot a. 
De Luca, A, Ch. [8] 48, 304 ; 62, 433 ; Fitlig, A. 
136, 869).— 2. By passing Cl into allyl iodide 
under water (Oppeziheim^f. [2] 2, 97).— 3. One 
of the products of chlorination efi! propylene 
chloride (Belohonbek, B. 9, 924), or of propane (?) 
(Berthelot, A, 156, 106 ), — 4. From propylene 
ehloiide and Id at 16(r (Friedel a. Silva, Z. 
1871,688). ^ • 

BsoefioM.— 1. TTofsf (20 volt.) by heating at 
160*® lor 24 honra larms glycerin.— 2. KOH 
l^et GELtCGLCHad ^01®) and a little 
OHOIKJH.CBLCL— 8. Alooholio KSH gives 


6. AI 2 I, gives all;^ iodide (Gustavson, 0» (X 
1877, 19)^. 

•ftw-Tri-chloro-propane CH,.CH*C01. (146®- 
160“^. From Pc, 8 and irj COln 
(Spring a. Leorenier, Bl. [fl] 48, 683). Ag,0 
converts it illto propionic acid. 

wwa-Tri-chloro-propane CH,.‘0H01.OHOL. 
a-Chloro-propylidene chloride. (140°). S.G. * 
1*402; 1*372. Formed by chlorination of pro- 

pylene or propylidene chloride in sunshine. Also, 
together with the preceding, by heating pro- 
pylene chlorWe with ICl ai* 160® (Friedel a. 
Silva, 0. R. 74, 805). Formed by union of 
CH,.CC1:C!^ with Cl (Berthelot, A. 166, 106). 

ft>ao . Tri - chloro - propane CH,.CCL.CILCL 

(123®). S.G.M-350; /s 1*318. ^ ^ 

Formation.—!. From CHj.CClyCH, by Cl in 
sunshine, or by ICl (F. a. S.).— 2. From pro- 
pylene chloride and (JT (Belohoubek, B. 9, 924). 
3. From chloro - acetone and PCl,. — 4. From 
CHj.CChCH, and Cl at 0° in sunshine. 

Reactions. — 1. Water at «high temperatures 
forms CHj.CO.CHO (?).— 2. Alcoholic KOH gives 
two di-chloro-propylenea (76®) and (94®) (Fnedel 
a. Silva, C. R. 74, 806). 

Tri-chloro-propane CH,Cl.CHj.CHCI,. 
$-Chloropropylidcne chloride. (147®). S.G. 
1*362. V.D. 4*95. Formed by the action of 
PCI, on 6-chloro-propionio aldehyde or on acro- 
lein (Geuther, Z. 1866, 29t(. van Romburgh, Bl. 
[2] 37, 98). Alcoholic EOH gives di-cliloro-pro- 
pylene CHj:CH.CHCl,. 

Tetra-chloro-propane CHj.CClj.CHClj. (163°), 
S.G. 13 1*47. From di-chloro-acetone and PCI, 
(Borsche a. Fittig, A. 133, 114). Also from 
allylene dichloride (Pinner, A. 179, 47). Appa- 
j rently the same body is formed as a by-product 
in the preparation of tri-ohloro-butyrio aldehyde 
by chlorinating aldehyde (Pinner, B. 10, 1067). 
Alcoholic KOH gives CJ^i,Cl, (115®). 

Tetra-chloro-propaue C,H,Cl. i.e. 
CHjCl.CHj.CH,? [178°J. {20‘6°f. From propane 
and Cl in sunshine (Schorlemmor, Pr. 18, '•29). 
Stellate groups^of needles (from alcohol). Smells 
like camphor. 

Tetra-chloro-propane CH,C1.CC1,.CH,C1. Iso- 
allylene tetrachloride. (164®). S.G. ^ 1*496. 

I From CH.Cl.CChCH, (96®) and Cl or HOOl 
! (Fittig a. Pfeflfer, A. 185, 360 ; Henry, 0. R. 94. 
1428). Also from CH,.CCl;CHj and Cl (Ber- 
thelot. A. 165, 105). Alooholio KOH gives 0,H,CL 
Alcoholic NH, gives (0,H,Oy^H. Sodiam 
gives allylene. 

Tetra-chloro-propane CiHgCl. ie. 
CH,.CHC1.CCI,. ri46®]. ( 0 . 186 ®). Prom iso. 
proppl lodjde and CL Besembles camphor (B.). 


Tetra-chloro-propape C,H,C1,. (o. 198®). 

I S.G. 1*66. Prom propylene chlbridrand Cl 
; (Cahours, A. 76, 283). Prob&bly Cdentioal with 
' the precedinif or, possibly, with the following. 

Tetra - chloro - propano CH,6LCHC1.GHCL, 
Tetra-cJUoro-glycide. AllyHdene Utrachloride, 
[l80®). S.G. y 1*521. VJ). 6*8. From 
GH,.CC1:CH,C1 and Cl (Hartenstcin, I. pr, (21 
7 . 818). From CH,:GaCH0Land Cl (vnn Bom- 
burgh, Bl. [2J 36, 663), ^ ^ 

Fenta-ehloro-propano GAOL it. 
GHsCLCCl^GHCV (194®). From di-bhloio. 
acetone and PCI, (Borsche a. Fittig A, 188. 118k 
Alcoholic KOH gives 0»H|0l« (IN^ 
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pfftto-eliloro'propaiie 0,H,01, i.«. 
0H,.0C1,.001,? From CH,.001j.0H01t and Cl 
(B.a. P^. PrismB. 

' Fenta-cllloro-propaiie G,H,01s. (o. 223®|. 

Fiom propylene (^loride and Cl (CahourB* A» 
76,283). • 

Heza-oh]#ro-propane 0|H,01| «.«. 
CCl,.OH,.OCl,? (260®). Formed by ohlorina- 
ting propane in the brightest sunshine (Sohor- 
lemmer, Pr. 18. 99). Liquid, smelling like 
samphor. 

Heza-ohloro.propana 03aCl< Wt. 
CC1,.CHCL0HC1.?^ ( 0 . 948®). S.G. 1-03. Prom 
oropylene chloride and 01 (Cahours, A. 76, 283). 

^ Hepta-chloro-propane 0,HC1.. (260®). S.G. 

1 *78 From pr«>y lene chloride and 01 (Cahours) . 

Per-ohloro-propane 0,01,. [160®]. (269®). 

From 0H,01.0H01.0H,Cl and ICl, at 200^ 
Formed also, together with C01„ by heating iso- 
butane with 101, at 240® (Krafft a. Merz, B. 8, 
10^) ; and, together with 0,01, and 001* by the 
action of 101, on isobutyrio acid (Kraflt, B. 9, 
1085). Crystallirft mass; v. e. sol. alcohol, 
ether and ligroin. At 250® it splits up into 
C,01* and 001*. 

chloro-peopanb sulphonic acid 

0,H,Cl.S0aH. From the product of the action 
of ICL on propane sulphenic acid at 160® the 
salts (0,H,ClSO,)ia(0,H,SO,),Ba aq and 
(CjH,01SO,)»Ba3(0,&SO,),Ba may be isolated 
(Spring a. H^nssingcr, B. 16, 828). 

a-CHLORO.PROPiONIC ACID OjEjClO, i.e. 
CIH,.0H01.CO,H. Mol. w.lOSi, (186®). S.G. 21-28. 

Preparafion.— Calcic lactate (17 g.) is shaken 
with POl, (40 g.) and distilled from a bath of 
HjSO*. The distillate is mixed in the cold with 
the requisite quantity of cold water. The yield 
is 60 per cent. (J. M. Lov4n, J. pr, [2] 29, 866 ; 
cf. Wurta, A, 107, 192; Ulrich, A. 109, 271; 
Lippmann, A. 129, 81 ; Buchanan, [2] 4, 623; 
Briihl, B. 9, 86 ; MazzAa, 0. 12, 261). 

PropcrftM.-^Liquid, miscible with water; 
blisters the skin. 

Beactians.—l, Zinc and HClwjonvert it into 
propionic acid.— 2. The solutions of the Ba and 
Ag salts change to lactate on boiling. — 3. With 
cone, solution of KHS (2 mols.) it gives thiolaotato 
and thiodilactylate of potassinm. 

Salts.— AgA'.—BaAV 
Methyl ether MeA'. (182^®). S.G. * 
1*076. Mo 1’423 (Kahlbaum, B. 12, 844). 

Ethyl ether Eik\ (147®). B.G. ^ 1-0869. 
^ 1-4287. Boo 81*12 (Briihl. A. 203. 24). 
Reactione. — 1. When heated with thiurea 5 
hours at 100° it gives the hydrochloride 

of laotylthio-urea : 2. ^With 


Amide CH,.CHC1.(J0NH,. [80®]. Scales; 
▼. sol. water (Beckurts a. Otto,B. 9, 1699). 

Chloride 0H,.0H01.CO01. (110°). VJ). 
4-88. 8.G. 1*289 (Henry, 0. B. 100, 114). 

Biffili •OPrOHaOir. (192®). Pungent 
Uquid. ^ 

^-Ohloro-propioAs aeid OH,OIOH,CO,H. 
with laming UQl at 190° (Beckurts a. Otto, B. 


W 

18, 226).— 2. From its chloride, which is formed 
by the union of ethylene with COCl, (Lippmann, 
i. 129, 81; Henry; O.B. 100, 114).-8. From 
acrylic acid and HCl (Linnemann, A. 168,96).— 

4. From jS-iodo-propionio acid and chlonne- 
water (Biehter, Z, 1868, 461). 

PfiOjMrItsi.— White plates; v. e. sol. watei 
and alconol. Does not olister the skin. 

Methyl ether MeM. (166°). 

Ethyl ether EtA'. (163®). y.D; 4-94. 

5. G. ® 1*116. 

Ghloro^ethyl ether CH,G1.0H,A\ 

(o. 218®). 8.G. * 1*282. From the acid and 

CH,OH.CH,Cl (H.). 

Chloride OH,Cl.CH,.COa (144®). VJ). 
4*42. 8.G. Mi-ssi. 

aa-Di.chioro-propionio aeid CH,.GCH1^C0,H. 
(o. 188®). 

Formation.— I, From pyruvic acid and PCI, 
(Klimenko, B.8, 465 ; 6, 477 ; Beckurts a. Otto, 
B. 11, 386).— 2. The nitrile is formed by ohlori- 
nating propionitrile (Otto, A. 132, 181; B. 9, 
1877). 

Properfies.— Liquid; v. sol. water; insol. 
cono. HCl. Solidified by cold. Converted by 
zinc and HCl into propionic acid. Water at 
140® gives pyruvic acid. Boiling alcoholic 
KOH gives o-ohloro-aorylio acid. Beduoed 
silver forms CO^H.CMerOMe.CO^H and CO,H; 
CMeCl.CMeCl.CO,H. 

Salts. — NH*A'. — KA'6aq. — BaA',aq. — 
CaA'jaq.— CaA',3aq.— ZnA'^aq : easily soluble 
flat needles.— AgA^— On heating with water it 
decomposes into pyruvic acid, dichloropropionio 
acid, and AgCl. On heating the dry salt it 
yields pyruvic-diohloropropionic anhydride 

*nd AgCl (Beokarto %. Otto. 

B. 18, 22**7). 

Methyl ether Mek', (144®). 

Ethyl ether EtA'. (167°) (B. a. 0.); 
(160®) (K.). 8.G. 2 1-249. 

leohutyl ether CH*PrA'. (184°). 

Allyl ether OjHjA'. (177°). 

Chloride CH,.CC4C001 (o. 110®). 

Anhydride (CH,.C0VC0),0. (191°). 

Amide CH,.CCL,.CONH,. [116®]. fflono- 
clinic laminas (Hanshofer, Z. K. 7, 267).— 
(CH,.CCL.CONH),Hg aq : needles. 

Nitrile CHrCCl^.ttN. (106®). SiG. U 1-481. 

Paranilriie (CH,CC1,),C,N,(?). [74®]. S. 
(alcohol) 14 at 20°. Chlorine acting ujwn pro- 
pionitrile forms a liquid di-ohloro-propionitrile 
(104®-107®) and a solid isoiperide [74®] ; the for- 
mation of the latter is promoted by a low tern* 
perature. Both give the same di-ohloro^ropi* 
onio acid on saponification, hence the solid form 
is probably a polymeride of the liquid. The 
liquid form sometimes obanges Spontaneously 
fhto the solid form (Otto a. Voigt, X pr. [2] 36, 
79). Beactions of (Jm poranifriie.— 1. H,SO« 
(1 vol.) mi*ed with water (1 vol.) at 180® gives 
a*di>^loropropionio aoid.— 9. Alcoholic NEL 
gives di*ohloro-propionainide. — 3. Zi/no ana 
ooefio ocid r^uoe it to (C,H,),C,N, (196°).— 
4. Zino acting on a solntion in dilute aiUiohQl 
forms a base 0,H„N„ [111°], (o. 978°), orys* 
tallising from petroleum ether in needles or 
plates, T. sol. ether and alcohol, T« sL soL 
water. It forms salts! BT30L— 

AgO.H„Na*q- 
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4^Di.eliloro*propiomo acid 
CH.,01.CHCa5C0jH. [60®]. ,(210®). 

Formatidkr-l, 'Prom glyceric acid and HCl 
(Worigo, B. 13, 178; c/. A, 170, 163).— 2. From di- 
ohloro-propyl alcohol CH,C1.GHC1.CB[,0H by 
oxidation fHenry, B. 7, 414 ; Werigo a. Melikoff, 
B, 10, 1500). — 3. From a-ohloro-acrylic Mid and 
HCl at 180® (W. a. M.).— 4. Formed from 
OH,(OH).CHCl.CO^ and fuming HCl at 100® 
(Melikoff, J. B, 13, 168 ; 0. C. 1881, 354). 

Properties.— Small needles. Alcoholic KOH 
gives o-bhloro-acrylic acid.— HO.PbA'. 

Ethyl ether EiA!, (184®). 8 . 0 .^ 1-2401. 
00 1-4688. Boo (Brijhl, A. 203, 26). Sue- 
oessive tigpatment with alcoholic KCy and EOH 
gives fnmario and inactive malic acids (Werigo 
a. Tanatar, A. 174, 867). 

/9/34)i-chloro-propiomcacid CHGl2.CH2.COj,H. 
[66^. From ^'Chloro-acrylio acid and aqueous 
HG at 80® (Otto a. Fromme, A. 239, 268). 
Prisms, v. sol. alcohol, ether, benzene, chloro- 
form, and water. Converted by alcoholic KOH 
into OHCl:CH.CO,H. , 

Ether EiAf. (171®-176®). 

Amide CHCl,.CBLCO.NH2. [140®]: needles. 

Tri-eUoro-propionio acid (?) CjHjCljOj (?). 
[60®]. Prom per-ohloro-succinio ether and cono. 
KOHAq(Malaguti,A.Ob. [3] 10, 67, 72.82).- 
AgA'. 

8-CHL0&0.FB0FI0NIC ALFEHTBE 
CjHjClO i-e. CHjCl.CH2.CHO. AcroleXn hydros 
chloride. (0. 45®) at 10 mm. (130®-170®). Formed, 
together with the paraldehyde, by passing gase- 
ous HG into acrolein (Geuther a. Cartmell, A. 
112, 8 ; Krestownikoff, J. B, 11, 240 ; Grimaux 
a. Adam, 0. B. 92, 300). Liquid. Reduces 
Fehling’s solution. Rapidly changes tef the 
solid paraldehyde. HNO, forms jS-chloro-pro- 
pionic acid. 

/3-Chloro-propionio paraldehyde (C3HjC10),(?). 
[83-6®J. (170®-176®) at 16 mm. Formed by 

spontaneous polymerisation of the preceding, 
into which it is reconverted by distillation under 
ordinary pressure. Needles. Insol. water. It 
does not reduce Fehling’s solution. Not acted 
nponJby water or baryta at 100®, nor by AgOAc 
or Pb(OAo), at 120®. Water at 120® gives HCl 
and metacrolein. Distillation over solid EOH 
also forms some metacrolein. 

•^.Di-ohloro^propionit aldehyde I 

OH,G.OHG.CHO. From acrolein and Cl (Aron- 
stein, A. Suppl. 8, 190). Oil. Its alcoholate 
OH.G.OHCLCH(OH)(OEt) boils at 150®-156°. 

0 .OBLOBO-TBJOiFTls ALCOHOL C,H,G10 i.e. 
CBLG.OH1.CH2OH. Trimethylene chUrrhydrin. 
<161® oor|. S.O. « 1-182. S. 60. From tri- 
methylene glycol 0H2OH.GH2.0H,0H and HCl 
at 100® (Bebonl, A. Ch. [6] 14, 491). 

•.Ohloro-isopropyl alcohol ^ 

CH,.GH(0H).CH20L Propylene ehiorhydrin. 
(128®). 8.<»« 1-180. « 

FormaHon^l. Prom propylene** glycol and 
HG (Oser, A. SvppL 1. 264) or SjOl, (Morley, B. 
10, 1806).— 2. Pkom alWl chloride (1 pt.) and 
cone. (8 pts.) at 100® ; the product being 
distiliM with water (10 pts.) (eppenheim, A. 

6, 867).*— 8. From propylene and HOG 
/Markownik^, H. 1870, 428). 

Proptrtiei^lAamdtWo^vnkier, May probably 
•ontaln OHa.OHG.OH/)H. 

BsocMofiir— L ?/>« gives allyl ohloride and 


ohloro-propylene (Henry, Z. 1871, 600).— 9. The 
chlorhydrin obtained by the action of SjCl, upon 
propylene glycol gives chloro- acetone on oxida* 
tion with KjCrjO, and HjSO,, or with HNO« 
(Morley a. Green, J5. 18, 24 ; J. 47, 132). The 
chlorhydrin obtained from propylene find HOOl 
is oxidised (by chromic mixture) to ^hloro-aoet- 
one according to Markownikoff, or (by HNO,) to 
a-chloro-propionio acid according to Henry (B. 
7, 1649, 1790). — 3. HNO, gives ohloro-acetic acid 
(Henry, Bl. [2] 25, 389).— 4. Heating with ZnO 
or PbO gives ^propionic aldehyde and acetone 
(Eltekoff, J. B. 10, 222). 

Benzoyl derivative C,HgC10Bz. (269® 
cor.). S.G.ifi 1-172; l-»M49. From the alco- 
hol and BzCl. Oil. Alkali^ fq^m propylene 
oxide. ZnEtj gives propylene ethyl phenyl ko- 

tateCsH,<^>CEt.C,I|, (Morley a. Green, O.J. 
47, 134 ; B. 17, 3015). 

Ethyl ether CH3.0H(OEt).CH,G. (118®). 

5. G. -984. From di-chloro-di-ethyl oxide and 
ZnMe, (Lieben, A. 146, 226; 178, 14). 

a8-Di-chloro-propyl alcohol 
CHjCl.CHCl.CHjOH. Bichloride of allyl alcohol. 
(182®). S.G. 1-380 (T.) ; 1-355 (G.). 

For7}tatio7i.—l. From allyl alcohol and Cl 
(Tollens, A. 156, 164 ; Hiibner a. Muller, A. 169, 
1G8). — 2. From allyl chloride and HOCl (v. 
Geyerfeldt, A. 154, 247 ; 6, 720; Henry, B. 

3, 352 ; 7, 414). -3. Together with its isomerido, 
by passing dry HCl into glycerin (Fauconnier a. 
Sanson, Bl. [2] 48, 236). According to Markow- 
nikoff (A. 208, 349) passing HCl into a mixture 
of glycerin and aqueous HCl only produces 
CH3C1.CH{0H).CH2C1 (c/. Tollens, Z. 1869, 174). 

Properties.— Viscid oil, si. sol. water, sol. 
alcohol! Aqueous NaOH gives epichlorhydrin 
(119®). HNO, gives ajS-di-chloro-propionic acid. 

Di-chloro-i«opropyl alcohol C.,H„C1,30 i.e. 
CH2C1.CH(0H).CH2C1. Glycerin dichlorhydrin. 
Mol. w. 129. (176® i.V.). S.G. 2^-383 ; 1-367 

(Markownikoff, A. 208, 349). 8. 11 at 19®. 

Formation.-*-!. From glycerin and HCl(Ber- 
thelot, A. 92, 302; Hiibner a. C. Mdller, Z. [2] 

6, 344 ; Watt, B. 6, 257). — 2. From glycerin and 
S-jCl, (Carius, A. 122, 73 ; Gaus, A. 168, 42):2- 
8. From epichlorhydrin and fuming HCl (Reboul, 
A. Suppl. 1, 225). — 4. Together with its isomer- 
ide, by the union of HOG with allyl ohloride 
(Henry, B. 8, 852). 

Beactions.—!, Chromic add mixture oxidises 
it to s-di-chloro-acetone [48®] and ohloro-acetio 
acid.— 2. Sodium amalgam converts it into iso- 
propyl alcohol (Buff, A. Suppl. 6, 250).— 3. So» 
dium added to its ethereal solution forms allyl 
aloohcl (B[r TomOe, B. 21, 1282).— 4. 

Alcoholic (4p.o.jN^ (2^mol8.) forms amorphous 
‘chlorhy^nimide’ CijHjyNjCIjO,. Weaker alco- 
holic NH, (1 p,c.) forms hydtpchbrides of ‘ di- 
amido-hydnn* OjH^NjO, and of ‘ glycidamine * 
C,H,NO (Gaus, A. 168, 29 ; B. 8, 244).— 6. Anil- 
tne forms 0,^ONPh.— 6. Solid NaOH gives 
epichlorhydrin OjHjGO.— 7. Br at 100® gives di- 
chloro-di-bromo-acetone CBr2G.CO.CH.Cl and 
ohloro-tri-bromo-acetone (Grimaux a. Adam, Bl. 
[2] 82, 18).— 8. P,Oa aots vigorously, forming di- 
chloro-propvlene. 

Formyl derivative 

0H,010H(00H0).0H2G. (0. 162®) at 22 mm. 

Formed heating the alcohol with nitio- 
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methane at 320® (Pfungst, JT. pr, [3] 84, 28). 
rho nitro-methane may perhaps first form 
[lydroxylamine and formic acid : CHjNO* + H2O 
-OHA-^NHjO; but no hydroxylamine could 
be found. 

AceUil derUfative CHj01.^(OAo).CH.Gl. 
(204°) (H. a. L.; T.); (196°) (1^; (0. 142° at 
25 mm.). (P.). S.G. u 1-283 (T.) ; a 1-274 (H.). 

Formation.— 1. From glycerin and AcCL — 

2. By passing HCl at 100° into a mixture of 
elyoerin and HOAo (Berthelot a. De Luca, A.Ch. 
[3] 62, 469).-2. From OH2Cl.CH(OH).GH2Cl and 
A.0OI (Henry, JE^ 4, 704).— 3. From epiohlor- 
hydrin and AcGl (Trucliot, A. 138,297). — 4. From 
the formyl derivative and AgOAc (Pfungst, J. pr. 
[2] 34, 28). 

Butyryf derivative 

(CHjGl),CH.O.GO.C,II,. (227°). S.G. 1*194 (T.). 
Isovaleryl derivative 

« 2.CH.0.G0.C,H,.‘(246°) at 737 mm. S.G. 

I (Truchot, A. 138, 297). 

• Benzoyl derivative (GH..Gl) 2 Cn.OBz. 
(222°) at 40 mm., S.G. a 1*441. From epichlor- 
hydrin and BzGl at 180° (T.). Also from the 
formyl derivative and BzGl (V.). 

Tn-chloro-isopropyl aloonol 
CG1,.GH(0H).CH3. [49°]. (150°-160°). From 
chloral by successive treatment with ZnMej and 
water (Garzarolli-Thurnlackh,i4,210,77). Small 
deliquescent needles (from other). May be sub- 
limed. Smells likcjcamphor. 

TBI-CHLOEO-PROPYLAMINE OjH.Glj.NHi. 
Formed by the action of Sn and HGl on dinitro- 
allylene-diohloride GsnjGljlNOi)^ (Pinner, i. 179, 
56). Oil ; may be distilled. 

fi-CHLOEO a.PROPYL-CINNAMIC ACID 
C,H,.0C1:C(C3H,).G02H. [121°]. From its ether, 
which is formed by treating propyl-benzoyl-aoetio 
ether with PGlj (W. H. Perkin, jun., C. J. 49, 
163). Triclinic prisms; a:6:c»i *797:1: *740 ; 
a - 122° 83'; /3 » 106° 2 V ; 7 “ G9 ' 25' (Haushofer), 
May be sublimed. V. sol. alcohol, ether, benzene, 
chloroform, aiW HOAc ; m. sol. ligroin. 

*Ethyl ether EtM. (248°) at 300 mm. Oil. 
fi-CHLOBO-PEOPYlENE CH,:OH.OH201 v. 
Allyl ohlobidx. 

a>>Cliloro-propylene CH01:GH.OHj. Propenyl 
ehloride. (36°). Formed, together with some of 
the following isomeride, by treating propylene 
chloride with alcoholic KOH (Cahours, C. B. 31, 
291)., Obtained by heating propylidene chloride 
CH,.CH,.CH01, with alcoholic KOH (Reboul, 
A. Ch. [5] 14, 462). Formed also by heating the 
neutral solution of the alkaline salts of the 
liquid afi-di-chloro-butyric acid (Wislicenua, B. 
20, 1010). Liquid. Br at 16° forms 0,HjGlBr, 
(177°). Alcoholic KOH gives allylene. HBr 
gives GHa.CHj.CHOlBr (110°) and asmaltquan- 
tity oV£IH,.OHBr.CH,Ob(12H. 

Alfo-w-oWoro-propylene OH01:CH.CH5. (33°). 
Formed by nesting the neutral solution of the 
alkaline salts of aj9-di-ohloro-butyrio acid [63°] 
(Wislicenua,^. 20, 1010). 

a-Chloro-propylene CH3:G01.0 Hj. (23°) (0. ; 
L.); (26*6°) (F.). S.G. 2 *9307 (F.); 2 *931 (0.). 
V.D. 2*83 (c^Jc. 2-66). The chief product of the 
action of alcobtflic KOH 8n propylene chloride. 
Formed also by treating CH,.001j,.0H, (from 
acetone and POlj) with alcoholic KOH, with 
KH„ or with AgOAc. 

B6aotum.—h H^SO* followed by water gives 
Vot. n. 


acetone (Oppenheim, 0. R. 65, 364 ; A. Sttppl 

6. 357). — 2. Water at 160° also forms acetone. — 

8. Br gives OH^Br.GGlBr.OH, (c.l73°) (Friedel, 

A, Gh. [4] 16, 343).-4. AlcohoUS KOH at 120° 
gives allylene (Friedel, C. R. 69, 294).— 6. HI at 
100° gives OHj.OOlI.GHs.— 6. Cl in sunshine 
forms 0H,01.C01,.0H,(127°). In the dark G1 forms 
0Hj*.0C1.0H,01.— 7. Mr gives CH,.GBr01.CH, 
(93°).— 8. HOlO gives chloro-acetone (Linne- 
mann, A. 138, 122). 

a/3-Di-ohloro.propylene GHjiCCl.GH^Cl. (o). 
Epidichlorhydrin. {a)-OhloTV~allyl chloride. 
(94°). S.G. 2 1*236 ; 1*204. 

Formation. — 1. Together with the following, 
by the action of 01 on GH,.GC1:CH, in the shade 
(Friedel a. SUva, C. B. 73, 967; 74, 806; 76, 81; 
Fittig, A. 136, 859), or of KOH or NEt, on 
0Hj01.GHGl.GHj01 Reboul, A. Suppl. 1, 229 ; 

C. B. 95, 993).— 2. From OHj.GCL^OHjOl and 
alcoholic KOHXP. a. 8.). 

Reactions. — 1.‘ Br forms CsH4GljBr3 (206°), — 

2. Fuming HCl at 100° gives CHj.CClyOHjCl. — ‘ 

3. H2SO4 followed by water gives chloro-acetone 
(Henry, B. 5, >186). — 4. Alcoholic KOH gives 
OHo:CCl.CH,OEt (110°).-6. ClOH gives s-di- 
chloro-acetone [42°] andOH,OLCCl,.C]^Cl (164°) 
(Henry, 0. R. 94, 1428).— 6. NEt, at 100° forma 
CH,:GC1.0H3NEt,Cl (Reboul, 0. B. 96, 993).— 

7. Sodium gives allylene and propylene.— 

8. Alcoholic KCy followed by KOH gives tricar- 
ballylio acid and a little oxy-crotonic acid (Claus, 

A. 170. 126). 

wfi . Bi . ohloro • propylene OHGhCH.CHjOL 
$ - Epidichlorhydrin. $ - Ohloro - allyl chloride. 
(106°) (F. a. 8.) ; (110° cor.) (R.). S.G. V 1*226 
(R.) ; 2 1*260 (F. a. S.). V.D, 3*83. 

Formation.—!. Together with the preceding, 
by the action of solid KOH on GH2Gl.CHGl.CH3Gi 
(F. a. 8.).— 2. In the pure state by treating 
CH2C1.CH(0H).CH201 with P.O, (Hartenstein, 

J. pr. [2] 7, 310).— 8. A by-product in thp action 
of PClj on acrolein (Geuther, Z. 1865, 25 ; 

V. Romburgh, Bl. [2] 86, 549). 

Reactions.—!. Cl gives CHjCl.OHCl.CHOl, 
(180°). — 2. Does not unite with HCl. — 8. Aloo* 
hoUo KOH gives OH01:OH.CH,OEt (123°).- 

4. Aqueous KOH gives ^-chloro-allyl alo'Jhol.— 

6. S^ium forms isoaUylene OH^iOrOHj (Harten- 
Btein).— 6. Br gives OHOlBr.CHBr.OHjCl (212°). 

«a . Di • ohloro - piepylene . OH,.CCl:CHCl. 
Allylene dichloride. (76°) (F. a. 8.); (78°) (P. 
a. K.). 

Formation. — 1. From OHg.CCli.CH^Cl by 
treatment with alcoholic KOH (Friedel a. Silva, 
Bl. [2] 17, 886; J. 1872, 322).— 2. From tri- 
chloro-butyric aldehyde and aqueous KOH (Pin- 
ner a. Kramer, A. 158, 47 ; 179, 44). 

I^a^tions. — 1. Br forms CHj.CClBr,CHClBr 
(188°). — 2. Sodium forms allylene 

Dl-ohloro-propylene OHj:OH.CHCl3. AUyU 
idene chloride. Acmlein chlori(U$ (85° cor.). 

5. G. — 1-170. V.D. 3-83. Formed, together 

with 0H01:0H.0H,01 and OH01;CH.OH,OH, bv 
the action of PCI, on acrolein (Gteuther, A. 114, 
86; Z. 1866. 26; v. Romburgh, Bl. ffl] 86, 
649). • 

Reactions. — 1. Cl forms CHgOl.OHCl.OHCU 
(180°).— 2. KI or Cal, at 100° gives CjH.CH 
(162°) (v.Romburgh,*R. T. 0. 1, 233).— 8. Potas- 
sium acetate gives CaH4(OAo)| (0. 180°).— 

K 



4. Sodium has no aotion.^>5. Alooholio EOH 
gives OH,:CH.OH01(OEt) (o. 118°).--0. NaOEt 
gives OH 2 :OHitGH(OEt )2 (Aronstein, A. Suppl. 8 , 
181). 7. Cono. HOlAq at 100° changes it to the 
isomeric OHjCLCHiCHOl.— 8 . NH, at 100° forms 
acroleln-smmoma. 

Tri - ehloro . propylene CH 2 C 1 .CC 1 :CH 2 C 1 . 
(142°), S.0. 29 1*414. From CH^CLCClJCH^Ol 
and alooholio EOH (Pfeffer a. Fittig, A. 135, 
861). 

Tri-ohloro-propylene CHj.CCltCOlj. (116°). 

5. G. 1*387. From CHa.CClj.OHCl* and aloo- 

*■ holio KOH (Borsche a. Fittig, A. 133, 117). Cl 

forms solid 0,H,C1,. 

Tfi-chloro-propylene C,Hi,Cl,. (139°). From 
the orudd product of the chlorination of alde- 
hyde (tri-cUoro-butyrio aldehyde) and aqueous 
NaOH (Pinner, B, 6, 207). Alooholio KOH con- 
verts it into OtHjOlj. , 

Tetra-chloro-propylene CsH^Cl^. (166°). From 
CjH^Clj (derived from acetone) and alooholio 
KOH(B.a.F., 

CHLOEO-PEOPYIENE GLYCOL v. Glycerin 
ehlorhydrin. 

CHLOEO-PEOPYLIDENE CHLORIDE v.Tri- 


OHLOBO-PBOPANB. 

CHLOEO-DI-ISOPEOPYL-KETONE 
CtHvGO.Ggi^Ol. (142°). Prepared by passing 
Cl into di-iso-propyl-ketone at 0° (Barbaglia a. 
Gucci, B. 13, 1670 ; G. 11, 92). Liquid. 

Di-chloro-di-isopropyl-ketone CgH, 2 Cl 2 :CO. 
fl76°). Prepared by passing chlorine into di- 
isopropyl-ketone at the ordinary temperature 
(B. a. G.). Colourless liquid. Turpentine-like 
odour. 

Tri-cbloro-di-isopropyl-ketone C^HuCljiCO. 
(about 229°). Prepared by passing Cl into boil- 
ing di-isopropyl -ketone (B. a. G.). Liquid with 
pungent turpentine-like odour. j 

CHLOEO-ISOPEOPYL NITRATE 
CH 3 .CH(N 0 ,). 0 H 2 C 1 . (168°). S.G. ^ 1*28. I 
From chloro-isopropyl alcohol HNOj, and H>SO. i 
(Henry, A. Ch. [4] 27, 263). ‘ ' 

a)S-]^ 7 ohloro-propyl nitrate 
CH 2 Cl.CHa.CH 2 NO,. (180°). S.G. 2 1-3. From 
CHgCLCHaOHjOH and HNO, (Henry, B. 7, 
409).® 

Bi-chloro-isopropyl nitrate (CH,CI) 2 CH.NOj. 
(180°-190°). S.G. 12 1*465. Formed from 
CH,01.CH(0H).CH,C1, HNO,. and H^SO, (Henry, 
21.165,167). 

(Py. 8).CHL0B0.(B. 8).IS0PE0PYL QTTINOL- 
vCH:CH 

INK ^ ^^^Chloro-cumoquiTtol- 

iiM. Formed by heating isopropyl-carbostyril 
with PClg (Widmann, B. 19, 266). Yellowish 
oil. Heavier than water. V. soL alcohol, ether, 
benzene, <3kc., nearly insol. water. Sparingly 
volatile with steam. Weak base. — B',H,Cl,PtGi 4 1' 
[138°] ; yellow monocliniomrisms, 
CHLOEO.PTEENE v. Fybeni. ' 

CHLOEO . PYRIDINE 0,H4G1N U 

(1*®°)- TJ). 67 (obs.). 


FornuUioiu — 1. By beating po^sium pyrrol 
with chloroform in presence of ether ; the resi* 
due after evaporation of the ether is boiled with 
dilute HOI to resinify the unaltered pyrrol, and 
after making alkaline wifh EOH, the ehloro- 
pyridine is distilled over with steam (Ciamioian 


a. Dennstedt, 0, 11, 224, 300 ; B. 14, 1158)r~ 
2. By the action of OCl,, chloral, or tri-ohloyo- 
acetic ether on pyrrol-potassium (Ciamician a. 
Dennstedt, B. 16, 1179).— 3. From pjy-pyridine 
and POl, (Lieben a. Haitinger, Jlf. 6 , 815). 

P«: 5 perfie 5 .^j,-Pungent alkfline li^id ; m. 
sol. water. 

Reactions. — 1. HI at 145° gives ^odo-pyrid 
ine ; at 200° it forms pyridine (L. a. H.)— 2. Br 
and I form additive compounds. — 8 . Sodium 
amalgam forms chloro-piperidino OjHi^ClN. 

Salts. — !^'HC1: deliquescent crystals. — 
B' 2 E[ 2 Pt 01 gaq ; monoclinio njedles; a: 6 :o 
1*197:1:1*172; /3 = 109° 48' (0. a. D.); o: 6 :c« 
1*04:1:1*25; i8=»72° 42' (L. a. H.). Converted by 
heat into B'^PtCl,. 

Hexahydride O^BifiVi^.^h^opiperidine. 
From ohloro-pyridene by reduction with sodium 
amalgam or with Zn apd HCl.— B'.HaPtCljaq : 
monoclinio needles; a: 6 :c = 1*209:1:1*094 ; 

113° 35'. 


Di-chloro-pyridine CsHjCl.N. [67°]. Formed 
by heating barium pyridine-^-sulphonate with 
PClj (Koenigs a. Geigy, B. 17, 1833). Volatile 
with steam. Glistening plates. V. sol. alcohol, 
si. sol. water. HgCl, added to the aqueous or 
alooholio solution precipitates a double salt 
which forms long fine needles [183°]. — 
B'jHjClsPtCl, 2 aq : ^e yellow needles. 

Di-chloro-pyridine CiHgCl^N. [72°]. Formed, 
together with other produces, by the action of 
dry chlorine upon dry pyridine. Slender white 
needles ; sol. pyridine and alcohol, insol. water. 
Has an agreeable aromatic odour (Keiser, Am. 
8 , 308). 

Tri-chloro-ppidineCsHjClsN. [50°]. Formed, 
together with di-chloro-pyridine [G 7 °j by heating 
barium pyridine - di - sulphonate with PCl^y 
(Koenigs a. Geigy, B. 17, 1832). Volatile with 
steam. Long flat needles. Sol. alcohol, nearly 
insol. water. « 

Tri-chloro-pyridine (?) C,]^C1,N. [65°]. 

Formed, along with chloro-oxy-pyridine car- 
boxylic acid (q. t^) by treating nicotinic acid With 
PCI 5 , and warming the product with H,,SO, 
(80 p.c.) (Seyfferth, J. pr. [2] 34, 261). Long 
needles (by sublimation) ; v. si. sol. water, sol. 
alcohol, ether, and benzene. 

CHLORO-PYRIDINE-CARBOXYUC ACID 


C^H^ClNOj i.e. OjHjClN.COjH. Ohioro-pieolinic 
a^. [180°]. From picolinic acid by treatment 
with PCI5, the resulting chloro-picolines, in- 
cluding G3H3CINCCI,, being warmed with H 2 SO 4 
(80 p.c.) (Seyfferth, J. pr. [2] 34, 249). 

Properties.— Dendritic needles or prisms, sl. 
sol. cold water ; extracted by ether from aqueous 
solution. • 

Salt 8 .-^CaA '2 aq. 

Beact/ion. — I. HI reduces it to plcolinc^ acid ; 
in presence of phosphorus, picoiine i| also formed. 

ehloro -pyridine carboxylic acid 
CjHjNOl.COzH. [168°]. Chloro-^olinic acid. 
From di-chloro-pyridine carboxylic acid, HOAo, 
and HI at 160° (Ost, J. pr. [2] 27, 284). Needles 
or prisms (containing aq).— BaA', 2aq. 
Ohloro-pyiidine-oarhozyUo acid. 

yyCClORim 

C 4 H,NaOO^ t-s. Nf . . OWoro- 

^ CH:0(CO,H) 

nicoHnic acid. [199°]. Formed by tne action of 
FC 1 | on oxy-pyridine-carboxylio acid [803°] 
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• (Peohmarm a. Welsh, D. 17, 2392; G. J. 47, 
l46). Sublimable. Glistening plates. Sol. water, 
alcohol, ^theif, and acotio acid, si. sol. benzene. 
By tin and HCl it is reduced to nicotinic acid. 

l)i>(^oro.p:^idiue oarboxyl|} acid 
CjHjNCLCOaH. Di-ohloro-nicotinic acid. [138®]. 
One of the products of the action of warm K.SO^ 
(80 p.c.) on the oily product got from nicotinic 
acid and POI5 (Seyfferth, J. pr. [2] 34, 262). 
Clumps of needles (from water). 

Ethyl ether EtA'. [60®]. , 

Di-ohloro-p^idine carboxylic acid 
OjHjCliN.COjH. Di-chloro-picolinic acid. [180®]. 

Preparation. — The mixture of ponta- and 
heia-chlorq^icolines obtained by boiling (10 g.) 
comenamic acid with (20 g.) dilute (80 p.c.) 
H2SO4 for an hour contains dichloro-.dichloroxy-, 
and chloroxy-picolinio iicids. The first acid is 
extracted by chloroform, the other two are sepa- 
Mtcd by means of their lime salts, the calcic 
Aloroxy.picolinate being the more soluble (Ost, 
J.pr. [2] 27, 281f. Properties. — Slender needles, 
(containing aql ; si. sol. cold water, v. sol. hot 
water and chloroform. Gives no odour with 
FejOlg. Reduced by HI in glacial acetic acid to 
picolinio acid. 

Salts. — NaA'. Trapezoidal plates. — KA'. 

Triangular and trapezoidal plates, often twins. 

Tetra-hydride 0.,H,ClN.C02lI. [c.2G8"]. 
From the above by*in and HCl. Lamimo (from 
water).— B'HCl. 

Di-chloro-pyridine-carboxylic acid 
C.H,N(Cl),(CO,H) U. (?). 

[210®]. Formed by heating citrazinic acid with 
PClj (Behrmann a. Hofmann, B. 17, 2691). 
Colourless plates. Sol. alcohol, v, e. sol. ether, 
si. sol. water.— A'Ag : colourless needles. 

TETRA-CHLORO-l^illMIDINE C.NDL i.e. 
CC1=CC1-GC1 

I II • . [68®]. Formed by heating 

N^CCl-N 

alloxan (1 pt.) with PCI, (6 \)ts.) and POCl, 
(6 pts.) for 8 hrs. at 120®-130®. Colourle.^s 
pearly plates, of camphor-like smell. Volatile 
with steam (Ciamician a. Magnaghi, 0. 16, 173; 
B. 18, 3446). 

TETRA^HLORO-PYROCATECHIN 
0,01j(0H)j [1:2:3:4;6;6J. [174 ]. Obtained by 
passing chloiine into a hot, strong solution of 
pyrocatechin in acetio acid. Colourless needles 
or thick plates. On oxidation it gives tetra- 
chloro-o-quinone 0,01,0,2 (Zinoke, B. 20, 1779). 

PER-CHLORO-PYROCOLL O.oN.p^Cl,. [above 
820®]. Formed, together with the tctra-cl^ride, 1 
by heating pyrocoll (1 g.) with PCfj (12 g.) at 
220® f«i 6 hrs. (Oiamician a. Danesi, 0. 12, 31). 
Scales. ^ Ing^gl. c(rid HOAc. Changed by long 
boiling into tri-chloro-pyrrol carbbxylic acid. 

Tetr a -chloride OjoN.^OjOl,,. Formed as 
above (0. a. D.). Pearly triclinic prisms (from 
HOAo). B1. sol. oold HOAc. 

Octo.ehloride OjpNACIh. [147®]. From 
per-ohloro-pyioeoU ana PC]^ at 260®. Sublimes 
a little above 1®®. Smells like camphor. By 
reduction with zinoJdust and acetic acid it yields 
^^^J-ph^oro-pyrrol. Heated with water at about 
^eoonipoBea into (a).di-ohloro-aorylio acid 
[86®], NH,, CO„ and HOI. By boiling with 
lUM aoetio aoid it ia resolved into di^ohloro- 


maleimide, CO, and HOI (Ciamician a. Silber, 
G. 13, 320; B. 16, 2389). 

TRI . CHLORO . PYROGALIOL 0,01, (OH),. 
Tri-chloro-pyrogallic acid. [0. 186°] (H. a. S.). 
A mixture of pyrogallol (6 g.) and acetio acid 
(12-6^.o. of 60 p.c.) is kept cool and dry chlorine 
is passed in. In half-an-hour tri-chloro-pyro- 
gallol crystallises out (Webster, G. J. 46, 206). 

Properties.— Fine needles (containing 3aq). 
Resembles tri-bromo-pyrogallol, notably in giving 
a deep blue colour when baryta is added to its 
ethereal solution. When anhydrous it melts 
about 177® (W.) ; when hydrated it melts at 115® 
(W.) or 75® (H. a. ^.). Sol. water, J!)ut slowly 
decomposed by it. Sol. Acetic acid, benzene, 
chloroform, CS^, and 001^. V. sol. alcohol and 
ether. Reduces ammoniacal AgN 0, to a mirror. 

Reacttons.-^l. Sodium sulphite gives a fugi- 
tive red colour.— 2. Cone. HNO, decomposes it. 
3. Treated with chloroform saturated with chlor- 
ine, it turns wine-red, then effervesces and be- 
I comes yellow. _ On evaporation, crystals of ‘leu- 
cogalloi,’ 0^11,01,0, -2 2aq (Stenhouse a. Groves, 
C. J. 28, 701), separate. Hence pyrogallol 
added to chloroform saturated with chlorine is 
converted into ‘ leucogallol,’ the intermediate 
tri-chlorinated body being found to very small 
extent. 

Salts. — Ba3(0gCl,0,)2 6aq (Hantzsch a. 
Schniter, B. 20, 2033).— Cu, (0,01,0,), 6aq. 

Acetyl derivative 0,01, (OAc),. [122°]. 

Needles. 

/37-DI.CHLORO.PYROMIJCIC ACID O^HjCip, 
[IC9®]. Obtained by the action of cone, alcoholic 
KOII upon pjromucio - ether - tetra • chloride 
(formed by combination with chlorine in the 
cold) (Donaro, G. 16, 333 ; Hill a. Jackson, B. 
20, 262). Felted needles. Sol. hot water, v. sol. 
alcohol and ether, m. sol. boiling benzene or 
chloroform, si. sol. cold benzene or chloroform. 
Warmed with excess of bromine-water it id con- 
verted into mucochloric acid with evolution of 
CO,. By boiling with dilute HNO, (1:2) it yields 
mucochloric acid and di-chloro-m^eic aoid. 

Salts.- A'jBa 3aq ; fine needles, si. s^l. oold 
water.— A'-^Ca daq : long needles, si. sol. cold 
water.- A'K: rather spaiingly soluble small 
prisms. — A'Ag : fine needles. 

Ethyl ether A'»t: [64®], ’slender needles. 

Amide C^HCljO.CO.NH, ; [176®], felted 
needles. 

CHLORO-PYEOTARTARIC ACIDS. 

Ita - chloro - pyrotartaiio acid OjHjOlO,. 
[140®-145 j. (0. 230°). From itaoonio acid and 
cone. HCl at 130 (Swarts, E. 1866, 721). In a 
current of dry air at 150® it forms an anhydride. 
Boiling water or alkalis form paraoonio aoid, 
41,,0^, which rapidly changes to itamalio acid. 

Diethvl ether (261®). 

Citra - raloro - pyrotartario aoid OsH^OlO.. 
[129®]. From oitraoonio anhydride and cold 
fuming HOI. Formed also by the union of mesa* 
conio aoid with HOI (Fittig, A. 188, 61). 
Tables. Boiling water splits it up into HOI and 
mesaconio aoid. Boiling alkalis form meth* 
acrylic aoid. 

Ita-di-ohloro-pyrotartario aoid O.H.GJ«0.. 
(S.). 

Citra-di-cbloro-pyrotartarlo aoid OjEjCljO,. 
From oitraoonio aoid and 01 (Swarts, J. 1878, 

|2 
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682 ; Bull AcaS. Boy. Bslg. [2] 83, No. 1). On 
distillation it gives HGl and oitraoonio anhydride. 
Boiling water converts it into ohloro-citramalio 
acid OjHtGIO,. The Na salt when boiled in 
aqueons solution gives ohloro-methaorylic acid. 

TBTEA-CHLORO-PYSEOL G4GI4NH. [110°]. 
(261°) at 754 mm. ^ 

Formation.—!. Together with di-chloro- 
maleic acid and NHj, by treating pyrrol with 
NaOGl. — 2. By reduction of per - chloro- 
pyrocoll-octo-ohloride with zinc-dust and acetic 
acii— 8. By heating di-ohloro-maleimide with 
PCI5 at 160°. — 4. By reducing with zino-duat 
and HGl the per-chloride C^Gl^N which is oh- 
iained b/'heating di-chloro-malelmide with PCI, 
at 200° (Ciamician a. Silber, B. 16, 2390 ; 17, 
664,1743; 0.14, 866). Very volatile. Long 
silky plates. V. sol. alcohol ^d ether, si. sol. 
water. Dissolves in alkalis. The ammoniacal 
solution gives a white pp. with AgNO,. It dis- 
solves in strong H2SO4 with an intense reddish- 
brown colour ; on adding a few drops of water 
this changes to violet, and by farther addition 
of water gives a green pp. which dissolves in 
KOH with an intense orange colour. 

(a ) . TBI - CHLORO - PYRROL - CARBOXYLIC 
ACID C,C1,H,N02 t.«. C,HC1,N.C02H. 

Prepared by heating per-chloro-pyrocoU with 
caustic potash. 

O-.d^NjO, -I- 2KOH = 2C4C1,HNC02K 
(Ciamician a. Danes!, O. 12, 34). Long silky 
needles (containing aq). V. sol. alcohol and 
ether, si. sol. water ; its solutions give with lead 
acetate a white pp., and with ferric chloride an 
intense red colouration. It decomposes with 
violence at 150°. BaA',aq: scales, m. sol. al- 
cohol, sL sol. water. 

TRI-CHLORO-PYROVIC ACID Hydrate 
CC1,.C(OH)3 .COj^ Tri-chloro-isoglyceric a^id. 
[102°]. Prepared by saponification of tri-chloro- 
acetyl cyanide with HCl (Claiscn a, Antweiler, 
B. 13, 1937). Formed also, together with tri- 
carbaliylic acid, by treating gallic acid, salicylic 
acid, or phenol with HGl and KGIO, (Schreder, 
A. 1^(7, 282). Golourless prisms. V. sol. water, 
alcohol, ether, acetic acid, and acetone ; m. sol. 
OfH^andGSj; insol. petroleum ether. Reduces 
Fehling’s solution and ammoniacal AgNO,. 
Warm^ with an alkali k; readily splits up into 
chloroform and an oxalate. — A"Ba : small soluble 
prisms.— NaA'xaq (Hoflerichter, J. jgr. [2] 20, 
198). 

AtHid 0 OCl,.0(OH)rOONH,. [127°]. Pre- 
pared the action of cold aqueous HGl on tri- 
chkro-acetyl cyanide. Golourless crystals. Sol. 
water, alcohol, ether, and acetone ; sL sol. 
eSp 0 A* and CHCl,. On heating it loses H^O 
and is converted into a compound of the formu^ 
OaOlyOjH^N, which forms small plates or needles 
of melting-point [218°], Thioh ate sublimable 
and soL ether, dU soL watOT. * 

Nitrile v , Tbi-ohlobo-acetyl gtabidb. 
a<-CHLORO-PYBVVIC ALDEHYDE 
CH,-CO.OC10. 

Oxim GH,.GO.CCIl(NOH) v. CnLOBO- 

uonitboso-aobtonb. 

OHLORO-QUABTEVTLIO ACID v . Chlobo- 
CBOTOinO iOZD. 

Dl-CHLORO-QinHALDlHE Di-chlobo- 

{By. 8)-iaTHni-qca[OLnni« 


(B.l).OHLORO.aniNOLINS CAOIN U. 
OH;GG1.0.GH:GH 

I H I c 

CH:OH.O.N-CH 

[32°]. (268°). Fprmed together with the (B. 8) -iso- 
meride by heating r»-ohloro-aniline witl^lycerin, 
nitrobenzene, and H23O4 (La Goste, B. 18, 2940). 
Formed also from the corresponding amido- 
quinoline by Sandmeyer’s reaction (Freydl, M. 
8, 683). Needles or thick glistening prisms. 
The bichromate forms long yellow needles, 
[166°] ; sol. hot water, si. soL qpld. 

(B. 3)>Cliloro-quinoline 

GH:GH.G.GH:CH 


GGhGH.G.N : ( 




(c. 267°). Formed, together with the (B. 1)- 
isomeride, by heating m-chloro-aniline with 
glycerine, nitrobenzend*, and H,S04. Liquid; 
solidifies in a freezing mixture. Volatile with 
steam. V. sol. alcohol, ether, and benzenjj; 
nearly insol. water. Is probaldy not quite pure 
(La Goste, B. 18, 2940). 

Salts. — B'HGl : colourless tables. 
B'2HjCl2PtCl4 2aq : orange silky needles. 
B'jHjGr^O, : [119°] fine yellow silky needles ; 
S. *25. 

Methylo -iodide B'Mel : [232°]; long 

yellow needles. On oxidation with KMnO, it 
gives the formyl-derivativ? of chloro-methyl- 
amido-benzoio acid, and chloro-methyl-isatin 
(La Goste a. Bodewig, B. 17, 926; 18, 428). 

(B. 2)-CbIoro-qainoline 

GC1:GH.G.GH:GH 


I H I 

OH:GH.G.N ; GH 

(256°). Prepared by heating p-chloraniline with 
glycerine, nitro-benzene, and H2SO4 ; the yield 
is 100 p.o. (La Goste, B. 15, 660). Golourless 
liquid. 

Salts.— BHGl: soluole colourless needles. 
(BHGl)jPtGl4 2aq ; yellow crystalline pp. 

Methylo-iodide B'Mel: soluble crystalline 
solid. — (BMeGl)^2PtGl4 ; orange crystalline pp. 

{Py. 3)-Chloro-quinoline GbH,NG 1. [38°], 
(267°). Formed by the action of PCl,oncarbostyril 
or oxy-carbostyril (Friedlander a. Ostermayer, B. 
15, 833). Volatile with steam. Long needles. 
V. soLfiJcohol, ether, benzene and ligroin, nearly 
insol. water. On heating with water to 120° it 
gives carbostyril. 

Chloro-quinoline G A^IN. Formed by heat- 
ing cynurin with PGlj and POOl, (Eretsohy, M, 
2, 77). -B'HjPtGl, 2aq. 

{Py. 1,3) - Di - chloro • quinoline, called ( 7 ), 
XGhCH , 

C.H 4 f • I [67°]. (281°). Formed by the 

\n ; ca • ^ 

action of PGl, on {Py. ljS)-di-oxy-qlainoline 
(Friedlander Weinberg, B. isr 2683) or on 
(7)-ohloro-carbo8tyril (Baeyer a. Bloem, B. 16, 
2150). Blender nicies ; sol. alo(fiiol, ether, and 
benzene, nearly insol. water. 

(B. l:4)-Di-ohloro-qninoUBO 
CH:GaC.CH:GH 

I I I • [^3°]. Prejttr^ by heating 
CH:OaO.N - CH - ^ 
(3:6:l)'di-chloro-aniline with glycerin, nitro-ben- 
zene, and H,S 04 ^b Goste, B. 16, 661). Volatile 
ondecomposed. C»lonrless needles or tahlee. 
alcohol and ether. 
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(B. 2:i)*l>i-ohloro>qaiBoMn« of C«H,G1(0)^NH,0,H4.N0^, separate. This 

C01:0H.0.0H:CH breaks np into its constituents even on recrystal- 

I J 1 . [104°]. Prepared by heating Using from benzene (Niemeyer, A. 228, 322). 
CH:0Cl.O.N : OH 2. p-Toluidine forms, in the same way, white 

(4:2:l)-^-chloro4uiiUne withglyaerin, nitro-ben- plates [90°j (’‘C4H,C1 (OH)jj{CtH,N),?) 
zene, ana HaS04 (La Coste, B. 16, 661). Long {a)-Di-chloro-qtiinone CfH^CljO, [5:2:4;1]. 
fine oolou/less needles. SI. sol. alcohol. [159°]t 

[Py, 2,8) Jh-ohloro-qainoline CpIljCljN ue. Formation. — 1. One of the products of the 

< CH:CC1 ^ distillation of cupric qninate with MnO.^, NaCl, 

j . [106°]. Weak base. Prepared and H.^SO^ (Stiideler, A. 69, 300). — 2. From 
N:CCI1 benzene and Cip (Carius, A. 143, 315). — 3. Toge- 

by treating hydsp-oarbostyril with PCI* and dis- ther with chloro-benzene and tri-chloro-pheno- • 
tilling the product with steam; the yield is 20-30 malic acid, by dissolving benzene (48 g.) in 
p.o. (Baeyer, B. 12, 1320). Insol. water, sol. al- H^SO^ (300g.), diluting with water (160 g.), and, 
oohol, ether, and OjH,. On reduction with HI after cooling, adding more benzene (100 g.) and 
it gives qainbline. KCIO, (150 g.). The mixture is left to itself for 

Tri-ohloro-quinoline CjH^CljN. [108°uncor.]. a week (C.). — 4. By the oxidation of (o)-di- 
Formed by heating phenyl-malonamic acid chloro-hydroquinone with cone. HNO, (Levy a. 
(malonanilidio acid) c6^,CH,.CO.NHPh with Schultz, B. 13* 1428 ; A. 210, 160).— 6. By oxi- 
benzeneandPCl4(Riigheimer, B. 17, 736). Long dation of di-chloro-p-phenylene-diamine [164°] 
Colourless needles. Volatile with steam. Sol. with K^Cr^O, and H.^S04(M6hlau,B. 19,2010).— 


alcohol, benzenco and ligroin. By heating with 
an acetic acid solution of HI at 240° it is reduced 
to quinoUne. 

Tri-ohloro-qninoline C^H^CljN. [161°]. From 
di-chloro-carbostyril and PCI, (Friedlander a. 
Weinberg, B. 16, 1425). Slender needles (from 
alcohol) ; slightly volatile with steam. 

Tri-ohloro-quinoline CgH^CljN. [211°]. 
Formed by acting Cb the borate of (B. 4)-ohloro- 
quinoline with bleaching powder solution (Em- 
horn and Lauch, A, 243, 361). Needles (from 
acetic ether). 

(Py, 2)-CHL0R0-I80QTriN0LINE C9H4CIN 
XH:CC1 

Ueji/ I (?). [45°-48°]. (280°) at 753 

NcH:N 

mm. Formed by heating the di-chloro-deriva- 
tive [128°] with HI and P at 170°. By more pro- 
longed action at 200J it is completely di-chlori- 
nated to isoquinoline. Long colourless needles. 
Weak base ((fabriel, B. 19, 1665, 2356). 

• {Py. 2:4)-Di-ohloro-i8oquinoline C^HjCljN i.e, 
.CH:CC1 

. [123°]. (806°). Formed by 


heating the imide of phenyl-aoetio-o-oarboxyUo 
XHj.CO 

aoidC,H/ I withPOCl,(8pta.)atl50°- 
>CO. NH 

170°. Very long flat needles (from alcohol). V. 
sol. chloroform, benzene, ether, and hot alcohol. 
Slowly volatiUses with steam. By HI and P it 
is first reduced to the mono-chloro-derivative 
and finally to isoquinoline (Gabriel, B. 19, 1655, 
2356). 

CHLORO-QUINONE C,H,C10r *[67°? 
Fapmation. — 1. By distilling cupric quinate 
(25 g.) with Nad (60g.),MnOa (40 g.), H.SO^ 
(100 g.), ana water (170 g.) (Stadeler, ^.(59, 300). 
2. By oxidation of chloro-hydroquinone with 
CrOg (Levy J. Schultz, il. 210, 144 ; B. 13, 1428). 
8. By adding aqueous K^OrO* to a slightly acid 
solution of ohloro-amido-phenol lulplmte (Koll- 
wpp, il. 23i 14). 

Properties. f Long yellow trimetrio needles; 
o:6:c*» *47:1:1*71; v, sol. ether, m. sol. alcohol, 
HO Ac, and hot water. Turns the skin purple. 
Reduced by SO, to chloro-hydroquinone. 

Beoeftons.— 1, WTien mixed with m-nitro- 
uniline in benzene solution, dark green crystals 


6 . By oxidation of p-di-ohloro-aniline with 
K.CrjO, and M,S04.— 7. From quinone by two 
alternate treatments with HCl and with Fe.^Cla 
(Levy, B. 18, 2366).— 8. By adding K^CrO, to 
a solution of di-chloro-amido-pbenol sulphate 
(Kollrepp, A. 234, 15). 

Properties. — Yellow monoclinic crystals ; 
a:6:c=»l*15:l:2-21; jS = 66° 26' (GriinUng) ; a:h:c 
= l*09:l:l-84; /3-89° 11' (Fook, Z. K. 7,40). 
Sol. ether and chloroform, nearly insol. alcohol, 
insol. water. Volatile with steam. SOj reduces 
it to di-chloro-hydroquinone [172°]. 

Reactions. — 1. Aniline in acetic acid solu- 
tion, in presence of some HCl, forms blue plates 
of the anilide C4HCl,A(NPhH) [6:2:4:1:3] 
[180°], which dissolves in cone. H_iS04 giving a 
deep-blue liquid (Niemeyer, A. 228, 332).— -2. If, 
after warming with aniline, the hot solution is 
tieated with HO Ac, lustrous brown plates of the 
di -anilide 0,Cl40g(NPhH)2 [290°] are formed. 
This is the so-called ‘ chloranil-anilide ’ obtained 
from tetra-chloro-quinone and aniline.— 3. m- 
Nitro-aniline forms dark green crystals of 
C,HgCl,Og(NHg.C4H4.NOj).4 [110°] which may be 
crystallised from hot benzene (Niemeyer, A. 
228, 322). — 4. p-Toluidine forms a crystalline 
compound [116°] (*C,HjCl20,(C,HgN),?). 

(/3)-Di-chloro-qulnone CjQgClgO, [2:6:1 :4]. 
[ 120 °]. 

Formation.— By oxidation of trichloro- 
phenol with HNO„ or a mixture of HNO, and 
H,S04 (Faust, Z. 1867, 727 ; Weselsky, B. 8, 
646 ; Levy a. Schultz, B. 13, 1428 ; Quaresohi 
a. Daooomo, B. 18, 1170^—2. In small quan- 
tity by treating di-chloro-nitro-phenol fl26°] 
with HNO, and H,804 (Armstrong, Z. 1871, 
621).— 3. By oxidation of di-chloro-p-phe^lene- 
► diamine with CrO, (Levy, B. 16, 1^6). Yellow 
trimetrio crystals, a:6:c = ’7127:l:2‘027. V, sol. 
boiling alvohol, v. 81. sot hot water. Turns the 
skin brown. Readily sublimes. Volatile with 
steam. SO, forms (j3)-di-ohloro-hydroquinono 
[168°]. 

Reaction^— L Anilini (Imol.) in alcoholic 
solution comaining a little HCl, forms bluish- 
violet needles or plates of the anilide 
0,HCl,0,(NPhH) [164°]. This is sol. alcohol 
and ether, and gives a violet-blue solution in 
cone. HgSO, (Niemeyer, i, 228, 832).— 2. Excess 
of aniline added to an alcoholic or acetic acid 
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Kolatlon forma 0^C10i(NPhH}^ [2:1:4:6:3] ! without m«ltiiur« iiu 
[263% This forma lastroas brown plates, si. / alcohol, m. 

BoJ. alcobolaudbeneene.a.aol. hoi IIOAo(X.I.~- I by HOI or 


^ W/Un/f 


^«<MUdv vm l\ i y • -- 1 

p-Tolutdine forms, m the same WflJ, SlSflUci 
needles [73 (>*O.H^01^(OH).jC,H„N?). # 

Tri-ohloro-quinono O^HG[Oj. [163°]. 

.Pbrma/ion. — 1. By chlorinating quinone 
(Wo^esensky, J, pr. 18, 419).- 2. By boiling 
ju^c acid with MnO^ and HCl (Stadeler, A. G9, 
818).— 8. Together with tetrachloroqiiinono, by 
Seating phenol with KCIO3 and aqueous HGI 
(Graebe, A. 146, 9 ; Stenhouso, G. J. 21, 141).— 
4. From ^nzene and CrOoCfj (Carstanjen, JS. 2, 
633). — 6. By dropping sodium hypobroiiiite solu- 
tion slowly into a solution of the hyJro-clilori-lo 
of tri-chloro^-omido-phenol ; the jip. is ro- 
alcohol (M. Andresen, J. pr. 


&queoa8KBs6jdlms 'po. 

tasshm thiochronate ' 0,(0H)0,(S0,g)(8O,KL 

Dilute KHSO, gives G,CUOH),(SO,K)^Z 
2. Aqueous KOH forms a purple solution con- 
taining C6C1,(0K)303.— 3. AcCl at 170® gives Cl 
and C«C1 ^(OAo )2 (Graebe, A. 146, 12).-4. PCI, 
at 180° gives 0,01 b.— 6. Aqueous NH. gives 
C,Ch(NH,)(0H)0, (Erdmann, J. pr. 22, 287; 
Laurent, A. Ch. [3] 8, 493).— 6. Alcoholic NH, 
forms 0,0l2(NHJ,0,. — 7. An alcoholic solution 
of aniline reacts thus: CcCl.fii, -t- 4NPhH, 

^ C,Cl2(NPhH)202 + 2NPhRj,HCl (Andresen, 
J.pr. [2] 28, 426).— 8. m-Nitro-aniline forms 
almost black crystals of C,C 1 , 02 (NHj.CbH,. 0 H)j 


rai Oft Too\ T o. pr. uiuiost DiacK crystaiB or U,U1,02 NH2 .CbH,.OH). 

[nd jp-amido-phenol {q. v.) ! (Niemeyer. A. 228, 322).-9. A hot aqueous so- 

(Schmitt a. Andicsen, I lution of NaNO, converts it into nitranilic acift 

In I B. 20, 2027).-10. By warming an acetic 

?* he ecid solution of yi-amido-xyiena (4 pts.) with 

"“‘“lour ‘he skin. Insol. cliloranil (1 pt.) there is formed a coloGring 
l ®“’-. ether. Dilute matter C„Hj.NjO,. Sol. alcohol, ether, benz- 

issolves It, forming di-chloro di- eno, and acetone, insol. water. Dissolves in 

*1 r . J eono. H,SO, with 

^ewhons.— 1. With alcoholic solution of a greenish-blue. By CrO, it is oxidised to p- 
anuvna it gives ghttenng plates of di-chloro- xyloquinone (Sutkowski, B. 20 OSOl 

‘ 2CBHCI3O2 + 3PhNJT,= Tetra-chloro-o-quinone 0.010 ri'2'3*4‘6'61 
Tbia^B^8t^?« t ^ PhNlLHCl. [132°]. Obtained by oxidation 'of tetra-chloro* 

TbiB substance crystalhses from benzene in pyrocatechin with HNO,, or directly by passing 
J 4941 * hluishlustre(.M. Andresen, ; chlorme into a hot acetic acid solution^of pyro* 

•r. [2] 423).--2. (1 mol.) forms ' catechin until it assumes a deep reddish-yellow 

laetrousl^fletBo.fC.HC10 (NPhH),. This forms ; colour. Dark-red crystals. V. sokTetic add 
a blue solution in cone. ^80^ (Schultz, B. 10, (Zincke, B. 20, 1779). 

1792; A. 210, 180).-3. Aniline treated with ! p-DI-CHLORO-QuiNONE-DI.CAFBOXYLIC- 

ethyl-ether 0,CL0.(C0^4t), ri-4-2-5-3'61 
action of chlorine 

rf O jr/n w wm ■ "P"" f»i?0“e-di.hydro.di.carboxylic ether (di- 

pa^lfw^^sr I-}n “y-‘«™P'>“‘aIic ctheri or upon succinyl-suo- 

f suspended in alcohok Greenish- 

aoe^l derivative of tetra-chloro-hydroquinone.— yellow needles. Sol. acetic acid and chloroform. 

tetra- j si. sol. alcohol an(k ether. The Cl atoms are ex- 

^7S?2r„'n„T; p m n hy very dilute NaOH it is 

^t^cMoroquinone 0,01,03. dissolved with formation of di-oxy-quinone-di- 

of ® mixture . carboxyUc ether; by NH, or amines it is readily 

on quinone, aniline, phenol, converted into di-arnido-quinoue-di-carboxylio 
' ^-nitro-phenol, tn-mtro- I ether or its alkyl-derivatives. It is reduced^ by 
- salicylic ^cid, isatin, quinic zinc-dust and acetic add to the colourless di- 

' c^loro-hydroquinone-di-oarboxylio ether (di- 
I chloro-di-oxy-terephthalic ether, g-.t>.) (Hantzsoh 
StenhouBe,A,78,4; A.Siippl. j a. Zeckendorf, B. 20, 1310). 

\ N.Jahr.Phann. j Dihydride OBH^O-AlcO^Et),. The colour- 
^ di-chloro-di-oxy-terephthalic ether becomes 

ftno^ a chloro-isatm (Erdmann, A. 48, ' intense greenish -yellow when melted, changing 

rao dihydride of tetra-ohloro-qui- 

K i 4®^^ ^60}.— 4. Prepared none di-carboxylic ether.. The colourless hbdy 

cdissolves in benzene, chlorofonn, and cone. 
Schultz, B. 13, 1429).--6. By heating trichlor^- SO.H, with an jptense greenish-yellow colour 

wllArAOO fVlA tIAlllil/wn in i- 1 1 


quinone (6 g-)^ for 12 hours «with fuming IICl 
C.O.). The product is oxidised by strong 
HNO, and recrystallised from alcohol (Andresen, 
Jlpr. [2] 28, 425). — 6. From e-tetra-chloro-benz- 
ene [137°] and faming HNO, (Bcilstein a. Kur- 
batofl, A. 192, 286).— 7. From phenOl and ohlo- 
ride of iodine (Stenhouse, 0. J, 23, 6).— 8. From 
di-chloro-di-ozy-quinone and PCI,. 

Properties.— Pale yellow, lustrous scales. 
MonocUnic; o:b:c-l‘62;l:3*00; )3=78°66'(Fork, 
Z. K. 7, 40). \\’hen heated gently it sublimes 


J whereas the solution in alcohol is colourless; 
the formation of an alcoholate (wKh 2HOEt) 
appears in the latter case to hinder the tauto- 
meric change. This alcoholate can be dissociated 
by adding benzene to the colourless alcoholic 
solution when it turifs yellow IHantzsoh a. 
Herrmann, B. 21, 1767). ^ 

CHLORO-dTHNONE-CHLOimiDE 

< NC1 r 

J p Jj. Formed by adding bleach* 
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ing powder to a solation of the hydro-chloride 
chloro-p-amido-phenol at 0® (Kollrepp, A, 
234, 16). ^Yellow needles (from alcohol or 

HOAc). 

Di-chloro quinvie-ohlorimide | 

/K01_ * 

Fromdi-chloroiJ. 


imido-phenol hydrochloride by treatment in the 
jold with bleaching powder (Kollrepp, A. 234, 
L9). Yellow needles ; sol. alcohol; decomposes 
It 170®. . • 

Di-chloro-quinoue di-chlorimide 
.NCI 

C.HX I . Prepared by the action of chloride 
\NC1 * • 


3f lime on an acid solution of p-phenylone-di- 
amine (Krause, B. 12, 47). White needles. Insol. 
3old water, sol. hot water, alcohol ether, OgHg Ac. 
Neutral body. On reduction it gives p-phenyl- 
3n#diamine. By boiling with HCl it gives 
tetrachlorophenylyio diamine. Bromine in 
acetic acid solution converts it into di-ohloro-di- 
bromo-quinone. 

Tri-chloro-qiiinone ohlorimide 


Preparation . — By stirring a slightly acid 
solution of tri-chloro-p-amido-phcnol {q. u.) with 
a solution of bleachiag powder (Schmitt a. An- 
ilresen, J. pr. [2] 23, 438 ; 28, 427). 

Properties . — Long yellowish needles, with 
rough ends. V. sol. hot alcohol, ether and benz* 
fine, less sol. cold water. When melted it forms 
a light-brown liquid, which boils at 186® with 
decomposition. 

Reactions. — 1. Aniline (3 equivalents) forms 
di-chloro-quiuone dianilide : 

C.CI.H<2q[> + SPbNH, + H,0 

= C.Cl,(NPbH)i,<2> + PbNH,,HCl + NH.Cl. 
But*when excess of aniline (5 mols.) is added to 
saturated alcoholic solution of ftie chloro-imide 
at 60° a violent reaction occurs, and the crystals 
which ultimately separate contain another body 
also. This is dt-phenyl-di-aviido-chloro-quinoM’ 

chloro-pJimyl-imide, C,Cl(NPhH)^<^Q^> , 


[195®]. It forms long elastic needle8(from alcohol). 
It is sol. ether, benzene, glacial acetic acid and 
CS.^. (a) Nitrous acid passed into its alcoholic 
solution produces an unstable nitroso-derivative. 
(6) It is not affected by boiling aqueous potash, 
but is converted by alcoholic potash into glitter- 
ing red needles of G,Cl(NPhH)^(ONa)(NPhNa). 
But this compound is so unstable that dfcohol 
reconvicts it into the original body with simul- 
taneous formation jof NaOEt. (o) Fuming HCl 
mixed with sScohol reacts thui : • 

C.Cl(NPbH)^<^^*'> + H/) + HOI 

-C,Cl(NPbH)^<2> + PbNH.,HCl (Andre- 
sen, J. pr. [2] 28, 427).— 2. The ethyl derivative 
of o-amido-ptenol (0„H4(6Et)NHa) acts upon 
tri-chloro-quinone-ohlorimide in a similar way, 
forming di-ethoxy-di-phenyl-di-chloro-quinone ; 
C,Clj(NH.04H..0Et)j0,. This body melts about 
[200®], orystalliseB from alcohol in glittering 
Drown prisms, and is thrown down as a grass- 


green pp. when water is added to its alcoholic 
solation. It is not dissolved by alkalis, but 
forms a deep-blue solution with H^SO,.— 
8* Ih-nethylrCtniliM in warm alcoholio solution 

acts thus : + 2PhNMea- 

0AH<J -hOANMe^HOL Trl- 

\N.O,H4.NMe, 

ohloro-quinone-di-methyl-amido-phenyl-imide is 
almost insoluble in water. It crystallises from 
alcohol in golden-green needles which have a 
blue streak (when scratched) and are very tough. 
It is V. sol. ether, benzene, and chloroform. It 
is reduced by SO^ to di-methyl-amido-phenyl- 
tri - chioro - phenol, 0,Cl3H(0H).NH.04H4NMe,. 
This latter is insoluble in water, readily soluble 
in ether, benzene and chloroform. Becrystallised 
from alcohol, it melts at [139®], but its alcoholic 
solution is readily oxidised by the air to the pre- 
ceding imide. 5aZi.— B'HCl. The sulphonic 
acid of this ba8ei)«Cl3(S()3H)(OH).NH.O,H4NMej 
is formed along with the base itself by the action 
of 80-4 on tri-chloro-quinone-di-methyl-amido- 
phenyl-imide. It crystallises in pearly plates 
when HCl is added to its solution in NHj. It 
is insoluble in water, alcohol, ether and benz- 
ene. BaClj added to a solution of the acid in 
an alkali gives app. which may bo recrystallised 
from hot water (Schmitt a. Andresen, t/^. pr. 132, 
426). — 4. Aqueous IICl acts upon tri-chloro- 
quinone-chloro-imide as follows ; 

+ H,0 + 2HC1 

-0.C1,H<^+NH.CUC1.. HBt aots simi- 
larly (Andresen, J. pr. [2] 28, 435). 
Bi-chloro-quinone-di-chlorinude 
vNCl 

CsH^ClZ I [6:2:4:!]. [136®]. Formed by 
^NCl 


treatment of a dilute HCl solution of di-chloro- 
p-phenylene diamine [164®] with chloride of lime 
(Mdhlau, B. 19, 2011). Colourless prisms (from 
ether). Sublimable. • 

CHLOEO-EESORCIN C,H,Cl(OH),. [89®]. 
(266®). 

Pr^raftcui.— Sulphuryl chloride (H pts.) is 
added gradually to a Alotion of resorcin (1 pt.) 
in dry ether (3 pts.). CgH4(OH)j + SOiCl, 
= HCUS 03 -»-C 4 H 3 C 1 ( 0 H) 3 . 

Properties.— Sol. water, alcohol, ether, benz- 
ene, and CSj. Crystallisetr with difficulty. Its 
aqueous solution is feebly qcid to litmus. Am- 
monia turns its aqueous solution first yellow, 
then green ; acids decolourise this liquid. Fe^Cl, 
gives a bluish- violet colour. Ammoniacal silver 
aolution is reduced on boiling (G. Beinhard, 
J.pr. 126, 322K Bromine gives ohloro-di-bromo- 
resoroin (2^.). * 

Bensoyl derivative OgHsClfOBz),. 
[98®]. Hexagonal crystals (from alcohol). In- 
sol. water. 

Di-methyl ether 0^,01(0Me)^ [118°]. 
From di-met%l resorcin in HOAn and Cl 
(HQnig, B. 11, 1039). Long needles (from 
alcoh^). Insol. cold HOAo, v. sol. ether. 

Dl-ohloro-resoroin. 0,HjClj(OH)3. [77®]. 
(249°). Formed by stirring, and finally melting, 
a mixture of aulphuryl chloride (2^ pts.) wiu 
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resoroin (1 pt). PnrUled br Bablimation. The 
yield is 80 p.o. (O. Reinhard, J,pr. [2] 17, 828). 

Properties.— y. sol. water, alcohol, ether, 
benzene, and CS,. Aqueous solutions are feebly 
acid to litmus, reduce boiling ammoniacal silver 
nitrate, and give a bluish-red colour with Fe.jGle. 

Reactions. — 1. With bromine-water i* gives 
^-chloro-bromo-resorcin {q. v.). — 2.WithClS03H 
it forms a crystalline insoluble powder 
0,^^C1<S,0,, probably the anhydride of di-chloro- 
resorcin sulphonic acid {C,HCl,{S0jH)0H),0. 

Benzoyl derivat%oeGJ3L.b\^{Q^z)^ [127°]. 

Di-methyl ether C,H^Cli(0Me)2. From 
di-methyl-resorcin in HOA/5 by01(H6nig, B. 11, 
1039). Oil ; decomposed at 140°. 

Sulphonic acid C«HOl2(OH)jSOsH. A 
white powder, sol. water and alcohol. Formed 
by dissolving its anhydride (see above) in K^CO,, 
acidifying, evaporating, and bxtraoting with 
alcohol. (SaZf.— BaAV 

Tri-chloro-resorcin OeHClj(OH),. [83°J and 
[78°]. 

Preparations. — 1. By digesting resoroin with 
lulphuryl chloride (6 pts.) for 3 hours at 100°. 
Crystallised from water. The yield is 30 p.o. — 
2. Besoroin (20 g.) dissolved in water (80 g.) is 
kept cool and treated with chlorine gas until the 
red colour, which first appears, is nearly gone. 
The liquid is heated to 70°, filtered from resin 
and allowed to deposit crystals. — 8. By chlori- 
nating a solution of resoroin (100 g.) in HOAo 
(260 g.) (Benedikt, M. 4, 224). 

Properties.— needles, si. sol. cold water, 
V. sol. hot water, alcohol, and ether. When 
purified by sublimation it is yellow and melts at 
[73°]. Its solutions resemble those of chloro* 
resorcin in behaviour towards litmus and AgNO,. 
With Fe,Cl« it gives a wine- red colour on 
warming (Beinhard, J.pr. [2] 17, 336). Oxidised 
by K^eCy, to CgH^CliO, [60°] (Stenhouse a. 
Groves, B. 13, 1807). 

Benzoyl derivative C,HClj,(OBz)2. [133°]. 
Glittering prisms (from alcohol). 

Tri-chloro-resorcin C«HCl,(OH)j. [69°]. 
Formed by the action of EHSO, on penta-chloro- 
resor^ (Claassen, B. 11, 1441). White needles, 
y. boL alcohol, ether, and hot water. May be 
identical with the preceding. 

Tetra-chloro-resoroin. n Di-propyl ether 
0,01^(00^)^ From di-propyl-resorcin and Cl 
(Eanof, B. 13, 1678). Liquid; decomposed at 
100°. SoL alcohol and HOAo ; si. sol. water. 

Penta-chloro-rasoi^iii G«Ol4(OH)(OGI) or 
C,Cl.(OgO(pH). [92-6^. Formed by adding 
altematdj m small portions KGIO, j6 pts.) and 
a solution of resorcin (2 pts.) in HGl (8 pts.) to 
jpoolbd HCl (40 pts. of 0.G. 1'17) (Stenhouse, Pr. 
pO, 76). Plates or flat prisms (from CS,). Y,. 
|k>l CS«, and benzene, v. e. sol. alcohol and ether. 
Changes in the air into a iuodification melting 
|b (Liebennann a. Dittler, A. ^169, 265). 
|p>t water effects the same change. 

Reactions.— 1. Dissolves in a cold solution of 
potassium bisulphite with evolution of heat and 
formation of tri-chloro-resorcin [60°] (Olaassen, 
B. 11, 1441). HI appears also to form tri-chloro- 
resorcin (Stenhouse, 0. N. 28, 230).->2. Unlike 
penta-bromo-resoroin, it is. not affected by Aide- 
byde and fmmic add. 

OHLOBO-BXIEFE v. itaxBn. 


CHLOBO-BOSANHiINS v. Dx-chlobo-tbx- 

AMn)0-TBI-PH«NTL-01IlBINOL. 

CHLOBO-SALICIN o. Salioin. 
CHLOBO-SALICYLIO ACIl) v. OHfiOB6-o-orx« 

BBNZOIO AOm. h e> 

CHLOBO-SkLICYLOL o. Chlobo-c^ozt-dzz. 

ZOIC ALDSHYDB. I> 

CHLOBO-SAIIOEKIK v. Chloeo-oxt-bknzti, 
alcohol. 

PEB-CHL0R0-8EBACIC ACID Oj,Cl„HjO,. 
Per-chloro-butyl «fhsrC,oCl„(C4C4)20^. 
[172°]. (200°).'- From butyl sebacate and Cl in 
sunshine (Gehring, C. B. 104, 1624). Hexagonal 
prisms. 

Per-chloro-isoamyl ether 
C|oCl,„(CiCl„),04. [179°]. Frpra isoamyl seba- 
cate and Cl in sunshine (G.). Tough trimetric 
' prisms (by sublimation) ; volatile with steam. 

I Insol. water, si. sol. alcohol, v. sol. ether, benz- 
ene, chloroform, and ligroin. 

CHLORO-STEABIC ACID O.^Hj^ClO.,. Fr^'in 
stearic acid and Cl at 100° (Hardwick, C. J. 2, 
232). 

CHLOBO-STILBENE v. CnLORO-ni-PHENYL- 

ETHYLBNK. 

CHLORO-STBYCHNINE v. Strychnine. 
(a»)-CHLOBO-STYBENE 04H,.CH;CHCL 
I (196°) at 716 mm. 

I Formation. — 1. By distilling styrene di- 

I chloride C„n^.CHCLCH2Cl /lither alone or over 
CaO (Byth a. Hofmann, A. 63, 310).— 2. By 
heating C«Hj.CH,..CHClj with alcohohc KOH at 
120° (Forrer, B. 17, 983). 

Properties.— Liquid, with pungent odour. 
Cone, alcoholic KOH followed by distillation 
j with water gives phenyl-acetic aldehyde. KCy 
! gives the nitrile of phenyl-succinic acid (Biig- 
j lieimer, B. 14, 428). 

(a). Chi oro -styrene O^Hj.CChCHj. (199°). 
S.G. « 1112. 

Formation. — 1. By treating cinnamic acid 
with KOCi or with HCl and pota^&ium chlorate 
(Stenhouse, A. 55, 1 ; 67, 79). —2. By heating 
C«H,.CHC1.CH(0II).C02H with water at 210° 
(Glaser, A. 164, 166).— 3. From G,H..CCl2.0H, 
and alcoholic KOH (Friedel, C. R. 67, 1192 ; 
Erlenraeyer, B. 12, 1609). — 4. By neutralising a 
solution of C0H4.OHOI.CHCI.CO2H (Erlenmeyer, 

B. 14, 1867). 

Properties. — Liquid, with the odour of hya- 
cinths. Does not so readily give up its 01 as 
the preceding. But by heating with water 
acetophenone may be formed (Erlenmeyer, B. 
14, 323). 

wa-Di-chloro styrene OaHvCChCHCl. (221^. 
From CjHj.CO.CRaCl and PCI, (Dyckerhoff, B. 
10, 120, 533). 

CHLOBO-SDBEBANi: CABBOXTIIQ^ACID 

C, H„C1.00.4fl. From the cerresponding oxy- 
acid and HCf. Oil; sol. alcohol and ether. 
KOH gives suberene carboxylic ^id OjHjjO, 
(Dale a. Sohorlemmer, C. J. 89, 539). 

CHI0B0-8UBEBI0 ACID O.Hi.OlO,. From 
Buborio acid and 01 (Bauer a. GrOger, M. X, 
610 ; 4, 841). Syrupfsol. water, v.‘ e. sol. ether. 

CHLOBO-SDBEBONIO AO^ 0,H„C10,. 
From oxy-suberio acid and oono. HCl at 180° 
(Spiegel, A. 211, 119). Oil ; v. sol. alcohol and 
ether. Converted by sodium amalgam into 
suberonio acid. Boiling NaOHAq forms 0,3^0^ 
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CHLOKO-BtrCOIHIO ACID | 

COjH.OHa.OHGl.CO2H. [162<»]. Prepared by 
he^ng f^mario acid with a solution of HOI in 
claoial acetic acid (Anschutz a. Bennert, B. 15, 
(•,42). Cjjystallirib solid. Sol. wj.ter and acetic 
acid, b1. sol. chloroform. 

• CHC1.CO 

Anhydride I >0. [41°]. (130° at 
CHj . CO 

16 mm.). Prepared by heating the acid with 
acetyl chloride. Formed as a by-product, when 
maleic anhydride is produced by heating f umaric 
acid with AcCl for 8 hrs. at 140° (Perkin, G. J. 
41, 269). Crystalline solid Sol. chloroform. 
On heating it decomposes into maleic anhydride 
and HCl. • • 

Di-chloro.BUOcinic acid C2HjCl2(C02H)2. Two 
acids of this constitution are formed by the 
union of Cl with fumario and maleic acids re- 
spectively. They differ in melting-point and 
BflubUity (Petrieff, Bl [2] 41, 309). 

Tetra-chloro-^uccimo acid. Per^chloro- 
ethyl ether C,C1,(C02CA)*- [116°-120^]. 

From succinic ether and Cl in sunshine (Cahours, 
A. 47, 294). Small needles. Decomposed by 
solution in alcohol, and by alcoholic IvOtl, tri- 
chloro-acetic acid being among the products. 
Ammonia forms tri-chloro-acctamide and other 
products (cf. Malaguti, A. Ch. [3] 16, 72). 

CHLORO-SULPHO-ACETIC ACID 
CHC1(S03H).C02H. From chloro-acetic acid and 
CISO3H. Formed also by oxidation of thio- 
hydantoin by KClOg and HCl (Andreasch, M. 7i 
159). -I3aA''aq : S. 2*5 at 17°.- K^A" l^aq.— 
(NH*)^^': needles, v. sol. water.— Ag2A ' .^aq : 


prisms. 

CHLORO-SULPHO-BEirZOIC ACID 

CjHgClSOj ue. CgH,Cl(S0,H)(C02H) [l:3or5:2]. 
From o-ohloro-tolueiie aulphonio acid by oxida- 
tion with chromic nyxture (Hubner a. Majert, 
B. 6, 792). -KHA" aq.— BaA" 2aq.— PbA" 2aq. 

Chloro-6ul))ho-benzoic acid 
Cjfi3Cl(S0,H)(C02H) [1:3 ?:6]. From m-chloro- 
benzoic acid and SO, (Ottd, A. 123, 216). 
Needles (containing aaq); v. sol. water, alcohol, 
and ether. With PCI, it gives di-chloro-benzoic 
cbloride.-KHA" lUq. -KjA" 3aq.— BaA''2aq.— 
BaHjA'^j 4aq. — CaHjA", 8aq. - PbA" 3aq. 

Amide C.HgC^SOjNHjKCONHJ : crystals. 
Chloro-sulphd-benzoic acid 
C3H3C1(S0,H)(C02H) [1:2:4]. From |7-chloro- 
benzoic acid and fuming H2S04 at 130° (Cdllen, 
A. 191, 29; B. 9, 768, 1248). Long needles 
(from water). SI. sol. alcohol and ether. 

Salts.— NaHA" 2aq.— AgjA" aq, — BaA" 3aq. 
MgA" 6aq.— ZnA" 4aq.— CuAi 6aq.— PbA" 4aq. 

Chloride C,H,C1(S02C1)C02H. •[140°- 

160°}|, Needles (from other). 

(a).CHLORO.pREBIC ACID 0,H,C10j i.e. 
(CH,)jO.CH(t30,H).OHj.CO.O? (frost. A. 226, 

363). [191°^. From terebio acid (1 mol.) and 
PCI3 (3 mola.) (Williams, B. 6, 1097 ; Rosor, A. 
220, 266). The (;3)-i8omeride is formed at the 
same time. ^ V. sol. hot water, alcohol, or ether. 
At 150° it begms to subliihe. 

Reaction. Ji., Splits off HCl, forming terebi- 
lenio acid C^HgOi (o.v.), when heated to 200°, or 
with water at 140°, or by boiling with NaOEt 
(W. Eoser, A. 220, 261).— 2. Boiled with water 
and CaCO| it forms oxy«terebio add. — 8. With 


at 130°-140° forms chloro-terebilenic 


SaltB.-CaA" 2aq.-AgHA".-PbA" 3aq. 

(j3)-Chloro-t6rebio acid C7HJCIO4 i.e. 
(CBi,)j.O.OBr(COjH).CHj.CO.O(?) [168°]. Formed 

by themetion of Cl on teraconic acid in presence 
of water in the cold. Colourless, transparent, tri- 
metric crystals ; a:5:c=«0*9827:i:0'7137. Easily 
decomposed by boiling water into HCl and tere- 
bilio acid : C^HgO^ (Frost, A. 226, 363). 

CHLORO-TEREBILENIC ACID C,H,C10, i.e. , 
Me,C.C(C0jH):CCl.C0.0 (?) [200°-203°]. From 

I . I 

chloro-terebic acid [191°] and PCI5 at* 140° (W. 
Eoser, A. 220, 265). Small prisms. V. sol. 
water. Not affected by boiling water, hardly 
oven by boiling with moist Ag^O. 

Salt s.— CaA'j 2aq.— Ag A'. 

CHLORO-TEREPHTHALIC ACID 
C,H, C1(C0.3 H)j [1:2:6]. [123"]. Formed by 

oxidising CgHsClfCjHjj with bichromate mix- 
ture and sepfAating the two isomeric acids 
formed by boiling water. White crystals ; insol. 
boiling aq ; sol. ammonia, reppd. by HCl as a 
curdy pp. resembling AgCl ; si. sol. warm alco- 
hol ; sol. benzene, CHC1„ CS, and ether ; sol. hot 
ligrom. Sublimes at 100°. It distils without 
forming any anhydride (Istrati, A. Ch. [6] 6, 
418). 

Chloro-terepfithalic acid C3H,Cl(COjH), 
[2:1:4], [above 300°]. Obtained by the action of 
cuprous chloride upon the diazo- compound from 
amido-terephthalio acid. Colourless crystals. 

V. sol. alcohol and ether, si. sol. hot water.— 

Ag A" : white pp. 

Di-methyl ether A^'Me,: [60°]; silky 
plates ; v. sol. alcohol and ether, si. sol. water. 

C/ifortdc CgHjCliCOCl),: (c.300°); crys- 
talline. 

Amide C,H,Cl(CONHj)j: [above 300°] ; white 
crystalline crusts; si. sol. water (Ahrens, B. 19, 
1638). 

Di-chloro-terephthalio acid CeHjCl,(C02H), 
[6:2;4:1]. From the dihydride and dilute HNO,. 
Hair-like needles ; does not melt at 300°.* 

Methyl ether Me^A". [132°]. 

Dihydride C,H4CL3(C02H)j. [o.274°]. From 
Bucoinyl-succinic cthqf (1 mol.)^^nd PCl5(4 mols.) 
(Levy a. Andrcocci, B. 21, 1463). Scales ^rom 
water). V. sol. alcohol and ether, si. sol. benz- 
ene, OHClj, and CSj.—BaA"3aq.—CaA"4aq.— 
NaHA" 3aq.— AgjA".— M^". [110°].-EtjA". 
[71°j. 

TEI-CHLOEO-DI-THififrYL-ETHANE 
CC1 j.CH(C 4H,S),. [76°]. Obtained by adding 
H3SO4 to a mixture of thiophene and ohloral^ts 
dissolved in acetic acid (Peter, B. 17, 1341)^’ 
"colourless tables. V. sol. ether, petroleum. ;, 
ether, CSj, and hotyiloohol, si. sol. cold alcohol.? 
Heated with isatin and HjSO* it gives a violet*' 


red colour. 

DI-CHLORO-DI-THlfiNYL-ETKYLENE 
CC1 j:C(C 4 H,S)j. Formed by boiling tn-chloro- 
di-thi0nyl-etlte.ne with alooholio KOH, or, better, 
KCN (Peter, B. 17, 1848). Colourless oil. Vola- 
tile with steam. With isatin and it gives 
a violet-blue colour. , ___ 

ohloeo-thi£n^ methyl ketone 

0,SHjOl.OO.CH,. OMm^tothUttioM, [62°]. 
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Formed by the action of acetyl chloride upon 
ohloro-thiophene in presence of Large 

colourless tables (from alcohol or ether). Very 
Tolatile with steam. By alkaline EMnO, it is 
oxidised to chloro-thiophene-carboxylio acid 
[140°]. 

Phenyl-hydraiidt ( 

C,SH.,Cl.C(N,HPh).OH,: [108^; yellow tables ; 
Bol. hot alcohol (Gattermann a. Bdmer, B. 19, 
693), 

Iiomeride : Thienyl ohloeo-methyl ketone. 

CHIOBO-THIO-ACETIC ACID CH^Cl.OS.OH. 

Ethyl ether A'Et. (167°). Prepared by 
heating chloro-acetic ether, with PyS^ at 140° 
(Meyer, B«14, 1608). Liquid. 

Di-ohloro-thio-aoetio acid GHClj-CS.OH. 

Ethyl ether A'Et. (178°). Prepared by 
heating di-chloro-acetic ether with PjS, at 180° 
(Meyer, B. 14, 1507). Oil. 

p.CHL0R0-DI.THI0-BENZ0IC ACID 
C,H4C1.CS2H. From OplI^Cl.CCl, and alcoholic 
potassium sulphide (Engelhardt a. Latschinoft, 
^.1868, 459).— HgA',: greenish -golden laminJB 
(from alcohol). — PbA'j : brick-red pp. 

CHLOEO-THIO-CABBONYL CHLORIDE o. 
THio-OABBONYL CHLORIDE, vol. i. p. 695. See also 
Peb^hlobo-hethyl mercaptan. 

CEIORO - THIO • CARBONYL BDLPHUR- 
CHLORIDE CSC1.SC1. (140- in vacuo). Oil. 
Formed by heating CSCl^ with sulphur at 130°- 
160°. By chlorine it is converted into per- 
ehloro-methyl-mercaptan and sulphur chloride, 
as foUows : 2CSC1.8C1 + 8C1, « 2CC1,.8C1 -f S,C1.,. 
Heated with sulphur at about 160° it yields CS, 
and S-A (Klason. B. 20, 2381). 

CmORO-THIO-FORMIC ACID Cl.CO.S.H. 

Amyl ether CICO.S.C.H,,. (193°). S.G. 

1-078. Md 1*4766. 

Preparation.— By saturating amyl mercaptan 
with COCli, and, after a few days, fractionally 
distilling the product (H. SchOne, J. pr. [2] 32, 
243). 

Properties. — A liquid of unpleasant odour, 
between that of amyl alcohol and that of mer- 
captan. It does not fume in the air. 

Req£tions . — 1. Converted by NaSMe into 
CO(SCsH„)(SMe).— 2. Converted by NaOEt 
into CO(8C,H„)(OEt).— 8. Dry NH, forms 
CO(SC4H„)(NH2).— 4. With aniline it forms 
Cois.CjH.JNPhlT (v. PAenyl thio-carbamio 
acid). — 5 . It reacts with urea forming 
NH2.CO.NH.CO.SC5H1, (u. Thio-allophahicacid). 

6. With phenyl - thio - urea it gives rise to 
NPhicS.NH.CO.S.CjH,, (u. Phenyl-di-tiuo- 
ALLOPHANio acid).— 7. With diphenyl-thio-ureu it 
forms NPhH.CS.NPh.6o.S.C,H,i (v. Di-phenyl- 

Dl-THIO-ALLOPHANIO ACID). 

Ethyl ether Cl.CO.SEt. (136°). S.G. « 
1*84. From COd* and mercaptan (Salomon, 

7. pr. [2] 7, 262). Oil. Converted by NH, into 
NH.CO.SEt. 

Chloro-thio-formie acid Cl.CS.OH. 

Ethyl ether Cl.CS.OEt. (136°). Formed 
n small quantity by the action of alcohol on 
DSCl, (Klason, B. 20, 2884). Converted by NH, 
nto xantbogenamide NH8.CS.OEt. « 

Chloro-di-thio-formio ether CLCS.SEt. (100°) 
n vacuo. S.G. 44 1*141. From CSGl, and EtSH. 
I’ellow oil, smelling like garlio (K.). 

, CHLORO-THIOPHENE C^HjCIS. (130°). 
>btained, together with di-chloro-thiqpbene, by | 


passing chlorine into crude thiophene (Weitz, B. 
17, 794). ^ Strongly refractive colourless oil. 
Gives the indophenine reaction. 

Di-chloro-thiophene O^H^CljS. (170°). Ob- 
tained, together/With the mono-ojiloro-thiophene, 
by passing ohlonne into crude thiophene (Weitz, 

B. 17, 794). Heavy oil. Gives the inCophenine 
reaction. 

Tri-ohloro-thiophene C,8HC1,. (20G° uncor.). 
A by-product in the preparation of tetra-chloro- 
thiopWe (Rosenberg, B. 19, 660). Heavy oil. 
Gives the indophenine reaction. 

Tetra-chloro-thiophene C4CI4H [36°]. (246°). 
Obtained by passing chlorine into di-bromo- 
thiophene (Weitz, B. 17, 792). Long white 
needles. » *■ 

CHLORO-TmOPHENE-CARBOXYLIC ACID 
C^SHjC^COiH). Chloro-thiophenic acid. [140°]. 
Formed by oxidation of chloro-thienyl methyl 
ketone with alkaline KMnO^. Colourless needles 
(from hot water). Sublimes in spikes. SI. sob 
water (Gattermann a. Roraer, Br 19, 694). 

TETRA - CHLORO - THIOPHENE TETRA - 
CHLORIDE C^Cl^S. [215°]. 

Preparation. — Chlorine is passed into a solu- 
tion of iodo-thiophene in CHCl^. The liquid is 
shaken with aqueous NaOH, the chloroform 
evaporated, the residue extracted with alcohol 
and crystallised from chloroform. 

Properties. — Thick prismi}, resembling urea. 
A pungent, but not unpleasant odour. V. sol. 
chloroform, ether, benzene, CS,, glacial acetic 
acid, and alcohol (C. Willgerodt, J. pr. [2] 33, 
150). 

TRI - CHLORO - THIOPHENE - 8ULPH0NIC 
ACID C^SCl^SOsH. Formed by boiling the an- 
hydride with water or alkalis. 

Anhydride (048013.802)20. Formed by the 
action of pyrosulphurio acid upon tri-chloro- 
thiophene. White glistening crystals. Sol. 
benzene, nearly insol. water, alool^ol, and ether 
(Rosenberg, B. 19, 651). 

CHLORO - THYMOHYDROQDINONE 1 . 
Chlobo-hydbo-thymoquinone. 

TRI - CHLORO - THYMOL C, JI„C1,0 i.e. 

C, Cl3(C.,H,)(CII,)(OH). [61°j. From thymol and 
Cl in daylight (Lallemand, A. Ch. [3] 49, 148). 
Lemon-yellow monoclinic prisms. Decomposes 
at about 180°. Cone. H2SO4 at 100° converts it 
into a crystalline body [46°j (250°). 

Penta-chloro-thymol Cj^H^CliO. [98°]. From 
thymol and Cl in bright daylight (L.). Hard 
crystals. At 200° it splits up into propylene, 
HCI, and tri-chloro-cresol. 

o-CHLORO-THYMOQDINONE C,HMePrC10, 
[1:4:2:3 jCJ, jp*ormed by oxidation of the corre- 
sponding hydroqui none vyith FcjClg. Yell^sh 
mobile oil. Easily volatile with steam. Y, sol. 
alcohol and ethe^ (Sohniter, B. 2o, 1817). 

m - Chloro - thymoquinone CttHM.ePrC10, 
[1:4:5:3:6]. Formed from m-bromo-thymoquinone 
by treatment with chlorine, the Br being re- 
placed by Cl. Oil (Sohniter, B. 20, 1819). 

Dl - chloro - thymoqjiinone 0,Gl2MePr<^ 

[99°]. The ethereal extract from fiae product of 
the action of HCI on thymo-quinone-chlor- 
imide {q. v.) is evaporated and distilled with 
steam. It crystallises in the receiver. 

Properties.— Trixnetric tablets (from alcohol). 
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Earned brown by light. Not reduced by SO, 
indresen, [2] 23, 176). 

CHLOEO. - THYMO - QUINONE CHLOR - 

HIDE CBHClMePj<[^^Qj. An oil^ prepared by 

,dding a Solution of bleaching powder to the 
lydrochloridb of ohloro-amido-thymol, exactly 
s described tinder thymo-quinone-chlorimide. 

Reactions.—Cona. HCl acts upon it exactly 
,3 it does upon thymo-quinone-chlor-imide, 
orming chloro-amido-thymol, chloro-thymo- 
uinone, and di-oh)prothymoquinoifb (g. v.) (An- 
resen, J. pr. 131, 187). 

CHLORO-TIGLIC ACID C,H,Cl.CO,H. [69®]. 
210®). Formed by the action of alcoholic 
[OH upon (o)^-ohloro-di-methyl-8uocinic acid 
lOjH.CClMe.CClMe.CO^H, or by heating the 
liver-salt with water (Otto a. Beckurts, B. 18, 
53). Formed also by treating methyl-aceto- 
,cetic ether with PCI, followed hy water (Riicker, 
l.2il, 64; Demarcay, B. 10, 1177). Glistening 
dates, or small neidles. Sublimable and easily 
olatile with steam. V. sol. alcohol and ether, 
1. sol. cold water. Decomposed by aqueous 
[OH at 150® into CO, and methyl ethyl ketone 
Friedrich, A, 219, 869).~BaA'j. — ZnA'jl^aq. — 
LgA'. 

Ethyl etherEW. (174®) (B.); (179®) (D.). 
)il. 


DI.CHL0R0.T0LU«ARB08TYEIL v. Di- 


HLOBO-OXY-MBTHYL-QUINOLINE. 

0-CHLORO-TOLUENE C,H,C1 ».«. 

;,H,(CH,)C1 [1:2]. Mol. w. 126^. (154® uncor.). 

Formation. — 1. In small quantity, together 
rith the p-modification, by chlorinating toluene 
Q presence of iodine (Hiibner a. Majert, B. 6, 
90). ~ 2. By running a solution of NaNO, into a 
lot solution of o-toluidine, and CUjCl, in dilute 
ICl (Sandmeyer, B, 17, 2651 ; cf. Beilstoin a. 
[uhlberg, A. 156, 79).-f 3. By heating o-diazo- 
oluene with a large excess of strong HCl ; the 
ield is 40 p.o. Of the theoretical (Gasiorowski a. 
VaysB, B. 18, 1939).— 4. By decomposing with 
uperheated steam the sulphoniif acid obtained 
ly acting on commercial mono-chloro-toluene 
nth sulphuric acid. The o- compound is much 
Qore easily sulphonated than the p- compound, 
ind the Ca and Na salts of the resulting acid are 
uuch leas soluble. The separation is, however, 
lot a perfect one (Seelig, A. 287, 151, 155). 

Properties. — Liquid. Converted by oxidation 
nto o-ohloro-benzoic acid (Wroblewsky, Z. [2] 
», 460). On nitration it gives a mixture of 
3«H,{CH,)Cl(NO,) [1:2:6] and [1:2:6] (Honig, B. 
!0, 2417). 

m-Cbloro-toluene OjH,(CH,)Ql [1:3]. (166®). 
^rom m-toluidine by displacement of NHj iy Cl 
hrough^the diazo- reaction. Formed also by 
iliminating NH, frgm chloro-p-toluidine (Wro- 
ilewsky, A. lOfe, 199). Oxidised CrO, to m- 
ihloro-lwnzoio acid. 

p-Cbloro-tolBene 0,H,(CH,)C1 [1:4]. [6-6®]. 
160®). S.V. 184-91 (R. Sohifl, A. 220, 99). 
iG. 1080. 

Fomiation.-^1. By chlorinating toluene in 
Presence of iodine, MoCl,,* or other carriers 
Seville, A. Oh. [ft 8, 178 ; Beilstein a. Geitner, 
4* 139, 881 ; JBI. [2] 1, 261 ; Aronheim a. Dietrich, 

8, 1402).— 2. By running a solution of NaNO, 
Jito a hot solution of p-toluidine and CujOl, in 
hlote HOI (Sandmeyer, B. 17, 2661; c/.HUbner 


a. Majert, B. 6, 794).— 3. By heating p-di azo- 
toluene with a large excess of HCl ; the yield is 
40 p.o. of the theoretical (Gasiorowski a. Wayss, 
B. 18, 1939). 

Prqperrics.— Liquid. Not attacked by water 
at 200®, nor by alcoholic NH, at 100® or alcoholic 
NsjS, NfifiS, or NaOEt at 150°. Chromic mixture 
gives p-ohloro-benzoio acid. On nitration it gives 
(4:2:1) chloro-nitro-toluene [38®], and (4:3:1) 
chloro-nitro'toluene [9®] (Goldsch^dt a. HOnig, 

B. 19, 2438). 

«-chloro-toluene v. Benzyl cnLoniDE. 

(i3)-Di-chloro-toluene OoH,(CH,)Cl,[l:2:4]. 
(197®) (S.). S.G. p 1-2460 (L. a. K.). From 

C, H,MeCl(NO.,)[l:2:4] vid CAMeC^NH?) (Lell- 
mann a. Klotz, A. 231, 314). Formed also by 
chlorinating p-chloro-toluene (Seelig, A. 237, 
167). Oil. Gives di-chloro-benzoic acid [168®]. 

Di-chloro-tolubne C«H,(CH3)Cl2[l:2:5]. [5®] 
(194® unoor.) at 745 mm. S.G. f]] 1-2535. From 
CJi3Me(NH.JCl[l:2:5] by diazo- reaction (Lell- 
mann a. Klotz, A. 231, 318). Gives di-chloro- 
benzoic acid [1568]. 

Di-chloro-toluene C«H3(CHj)Cl2[l:3:5]. [26®]. 
(195° uncor.) at 729 mm. Prepared from 
CuH2Me(NHJClj[l:4:3:5] by diazo- reaction (Lell- 
mann a. Klotz, k. 231, 323). Gives di-chloro- 
benzoic acid [182®]. 

(o)-Di-chloro-toluene OsHj(CH3)Clj[l:2:3]. 
(197®). Formed by the action of chlorine on 
toluene in presence of ferric chloride or other 
carriers (Seelig, A. 237, 157). Yields a nitro- 
derivative [61®] or a dinitro- derivative [122®]. 
On oxidation with alkaline permanganate it gives 
di-chloro-benzoic acid [166®]. 

Di-chloro-tolueno C,H3(CIIj)Cl2 [1:3:4]. (200* 
uncor.) at 740 ram. S.G. 1-2512. 

Fonmtion.—l. From CaHjMeCl(NH.2) [1:3:4] 
by diazo- reaction (Lellmann a. Klotz, A. 231, 311). 
2. A product of the chlorination of toluene in 
presence of carriers (Beilstein a. Geitner, A. 189, 
341 ; Beilstein a. Kuhlberg, A. 150, 313; Aron- 
heim a. Dietrich, B. 8, 1401 ; Neuhof, Z. [2] 2, 
653 ; Schultz, A. 187, 263).— 3. From chloro-p- 
cresol and PCI5 (Schall a. Dralle, B. 17, 2535). 

Properties. — Oil. Gives on oxidation*di- 
obloro-benzoic acid [201°]. 

ap-Di-ohloro-toluene [4:1] CgHiCl.CHgCl. p- 
Chlmo-benzyl chloride. [29°]. (213°). 

Formation.— By * chlorinating p-chloro- 
toluene at 160® (Neuhof, A. 146, 320; Jackson a. 
Field, Am. 2, 85 ; P. Am. A. 14, 54 ; B. 11, 904). 
2. By chlorinating cold benzyl chloride in pre- 
sence of iodine (N.). * 

Properfies.— Needles or prisms ; insol. water, 
sol. alcohol and other. Powerfully attacks the 
mucous membrane. Very volatile. Oxidation 
gives p-ohloro-bcnzoio acid. Boiling water forms 
p-fhloro-benzyl alcohol. Boiling aqueou8Pb(NO,)2 
gives p-ohloro-benzoic aldehyde. Alcoholic KCy 
forms phenyVacetonitffle. 

u'w - Di • chloro • toluene v. Benzylidens 

CHLORIDE. 

(a).Tri-chioro-toluene OjH2(CHj)Cl, [1:2;4:5]. 
[82°]. (230°). Is formed, together with the (8)- 
derivative, by jessing chlorine into toluene in 
presence of FgjOIj or other carriers (Limpricht, 
A. 139, 303 ; Aronheim a. Dietrich, B. 8, 1401 ; 
Schultz, A. 187, 274; Seelig, A. 237, 133). Long 
needles, sol. alcohol. Forms a sulphonio aoid, 
which is decomposed by superheated steam at 
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160 ®. Chroimo mixture oxidises ittotri-ohloro. 

benzoic acid [168°] (Janasoh, A. 142, 801). 

(^)-Tri^oro.toluene 0A(CH,)01, [1:2:8:4]. 
[41], (232°). Is formed together with the (a) 
isomeride by passing chlorine into toluene in 
presence of Fe^Clj (Seelig, A. 237, 183). Forms 
a snlphonate, which is decomposed by super- 
heated steam at about 210°. Gives tri-chloro- 
benzoic acid [129°]. 

»-M»-Tri-chloro-tolnene OaHsClj-OHjOL 
(240°), S.G. 1*44. A product of the chlorination 
of toluene and of benzyl chloride (Naquet, A. 
Suppl, 2, 248 ; KekuJ6, X. 2, 661). Formed also 
by chlorinating boiling duchloro-toluene (Beil- 
Btein a. Knhlberg, A. 146, 317). Liquid. Aloo- 
holic KOAc gives OjHjCl^.CaaaOAo. 

wwo-Tri-chloro-toluene [2:1] 0<,H^Cl.CHCIy 
o-ChlorO’bemylidene chloride, (o. 230°). From 
salicylic aldehyde and PClj (BTenry, B. 2, 136 ; 
Z, [2] 6, 871). Formed also, together with the 
following, by chlorinating benzylidene chloride 
in presence of iodine (B. a. K.). Water at 170° 
converts it into chloro-benzoic aldehyde. Chromic 
mixture forms o>ohloro*benzoic acid. Distillation 
with dry oxalic acid forms o-chloro-benzoic alde- 
hyde (Anschfltz, A. 226, 19). 

wtip-Tri-chloro-tolnene [4:1] CgH^Cl.CHClj. 
p-ChujTO'henzylidene chloride. (234°). Formed 
M above (B. a. K.). Besembles the preceding in 
its reactions. 

AMMf-Tri-chloro-tolaene v. Benzotbichlobide. 

Tetra-chloro-toluene O^Cl^.CH,. [96°] (L.) ; 
rai°] (B. a. K.). (276° cor.). Among the pro- 
ancts of chlorinating toluene in presence of SbCl, 
(Limprioht, A, 189, 327). Slender needles (from 
alcohol). 

Tetra-chloro-toluene O^^Cl^. (280°-290°). 
From di-chloro-toluene tetrachloride and alco- 
holic £OH ^ieper, A. 142, 305). 

Tetra-chloro-tolueno CjHjClj.CHjCl. Tri- 
ehloro-bengyl chloride. (273°). S.G. aa 1.547. 
From OfH3Cl,.CH, and Cl at nigh temperatures 
(Beilstein a. Euhlberg, A. 160, 286). 

Tetra-chloro-toluene C^.Clj.CHCl^ [4:3:1]. 
UyDi-ehU/ro^hemylidene chloride. (267°). S.G. 
« 1-A18. From Cl and boiling (4,3,l)-di-chloro- 
tolueno (B. a. K.). Water at 220° gives di-chloro- 
benzoic aldehyde. 

Tetra-chloro-toluene C,H,Cl,.CHClj [1:3:6]. 
i3)-Di^hloro-hentyUdenf[ chlor^. (0. 260°) 
Formed by passing chlorine into (/3)-di.chloro-to- 
luene heated at 230° (Seelig, A. 237, 167). Is 
converted into dichlorobenzoic aldehyde on 
treating with cone. K3SO4. 

Tetra-chloro-tolvne [2:1] C^^CLCCl,. o- 
Ohloro-beMotrichloride. [30°]. (260°). lYom 
o-oxy-benzoic add by distilling with PCI, (Eolbe 
a. Lautemann, A. 116, 196). Water at 160^ gives 
o-chloro*benzoio add. ^ 

Tetra-chloro-toluene [8:1] O^^Cl.CCl,. w- 
CMoro^bensotnchioride. (336°). From w-sul- 
pho-benzoio add and PCI. (Caxius a. Eammerer, 
A. 181, 168). 

Tetra-chloro-toluene [4:1] C^H^Cl.CCl,. p- 
Chloro-benMOinchloride. (246°). 

Formation. — 1. From benzo^'chloride and 
Cl in presence of caniers (Beilstein a. Euhlberg, 

A .^146, 817)^2. From beuoyl chloride and PCI, 
(Limprioht, A. 184, 67)^8. From|>-oxy-benzide 


“•’4 


and PCI,. The product is freed from 


POOlj by distillation, and the residue shaken 
with dilute NaOH (Klepl, J.pr. [2] 28, 204). 

Properties. — Oil. Converted by yrarm cono. 
HjSO^ or by water at 200° into p-ohloro-benzoio 
acid. j(i % 

Penta-ohloro-toluene OaCl,.CH,. [218°]. 
(301°). Formed by chlorinating totoene in pre- 
sence of iodine (B. a. K.). Needles (from benzene). 

Penta-chloro-toluene OeHCl^.CH .Cl. Tetra- 
chloro-benzyl chloride (296°). S.G’. as 1*634. 

From boiling tetra-chloro-toluene and Cl (B. a. 
K-). Further ‘chlorination gives C.jCl, and CCl. 
(Beilstein a. Euhlberg, Z. [2] 6, 627). 

Penta-chloro-toluene OaH .CI3.CHCI., [2:4:6:!]. 
{a)-TH-chloro-bmzylidene chloride. (281°). S.G. 
^ 1‘607. From Cl and boiling tri-Vihloro-toluene 
(B. a. K.). Needles (below 0°). Water at 260° 
or cold fuming H^S04 gives tri-chloro-benzoic 
aldehyde. 

Penta-chloro-toluene CaH.Clg.CHCl, [4:3:2:!]. 
{&)-Tri-chloTO-hcnzylidene chloride. [84°]. .(0. 
280°). Formed by passing ^/jhlorine through 
boiling (j8)-tri-chloro-toluene (Seelig, A. 237, 140). 
Oil solidifying to a crystalline mass. Sol. petro- 
leum ether. Treated with fuming sulphuric acid 
it forms (^)-tri-chloro-benzoio aldehyde. 

Penta-chloro-toluene C.HjClj.CCl,. Di- 
chloro-benzotrichlcride. (273°). S.G. ai 1-687. 
From crude di-chloro-toluene and Cl (B. a. K.). 
Water at 200° gives a mixture of di-chloro-ben- 
zoic acids. 

Hexa-chloro-tolnene CrHsCl.t.e. CaClj.CHjCl. 
Penta-chloro-benzyl chloride. [103°]. (326°). 

From benzyl chloride and Cl in presence of 
SbCl,. Formed also by chlorinating boiling 
penta-chloro-toluene (B. a. E.; cf. Deville, A. 
44, 304). Slender needles; si, sol. alcohol; v. 
sol. benzene. Alcoholic EOAc at 200° gives 
C,Cl,.CH,OH. 

Hexa-chloro-toluene CjHCl^.CHCl,. Tefra- 
chlorO’benzylidene cklor^. (306°). S.G. ^ 
1*704. From Cl and boiling tetrarchloro-toluene 
CgHCl^.CH, (B. a. K.). Water at 280° gives tetra- 
chloro-benzoic ddehyde. 

Hexa-chloro-toluene CaIICl,.CCl,. IH-chloro- 
bcnzotrichloride. [82°]. (808°). From Cl and 
boiling C«HCl3.Cn3 (Beilstein a. Euhlberg, A. 160, 
306). Slender needles (from alcohol). Water at 
260° gives tri-chloro-benzoio acid. 

Hepta-chloro-toluene C,C1,.CHC1,. Penta- 
chloro-benzylidem chloride. [110°]. (334°). 

Formed by chlorinating benzylidene chloride 
with the aid of carriers (B. a. K.). Flat laminw 
(from alcohol). SI. sol. cold alcohol, v. sol. boil- 
mg alcohol. Water at 300° does not act upou it. 

Hepta-chloro-toluene 0,HCl4.CCl,. [104°]. 
(316°). From Cl and bciUng 0,HCl4.CH, (B. a. 
£.). Short needles (horn alcohol) ; m. 901. hot 
alcohol. Water at 270° gives tptra-chloro-benzoio 
acid. t 

CHIOEO - TOLUENE . AZOXY - CHLOBO - 
TOLUENE V. Azoxt- oompoubds. ^ 

DI-CHLORO-TOLUENE TETRACHLORIDE 
C,H,C1, i.e. C,H,G1,.CH|. [160°]. From toluene 
and Cl (Pieper, A. 142, 304). Prisms (from CSj). 
Aloohoho NaOH at S.10° gives ^-Shloro-beuzoio 
acid [203°] and tetra-chloro-toluune (0. 286°). 

n-OHLORO-TOLUENE- (8) -BUL PHONIC ACID 
C,H,MeCl(SO,H) [1:4:2]. From jp-ohloro-toluene 
and HgSOi (Vogt a. Henninger, A. 166, 862). 
Also from the corresponding j7-toluidine o-iul* 
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Ul 


Dlionio add by displaoement of NH, by Cl 
(Jen88en,i. 172, 289). 

8aUfl.-~BaA',l^aq: 8.1*9 at 16®.— BaA'^aq 
(Hiibner a. Majert, B. 6, 790). — KA' aq. — 
CaA'j 6aq.— PbA'^Saq.— CuA', 7ai. 

Amide 0^,Cl.Me.SO,NHj »[138®]. From 
CgB[g(NH2)ye.SO„NB[j by HCl and nitrous acid 
gas (Heffter, A. 221, 209). 

p-Chloro>tolaene (a)-sulpbonio acid 
C^Il,MeCl(SO,H) [1;4;3]. Formed, together with 
tho preceing, by sulphonating jj-ohloro-toluene 
(Vogta.Henuinger,i4.C/i. [4] 27, 129). Converted I 
by potash-fusion^nto oroin. 

Salts. — KA'^aq: laminea. — NaA'Saq. — I 
BaA'j 2aq : S. 5*71 at 16*6° (V.a. H.). -BaA', |aq : 
S. 14 at 14^° (^iibner a. Majert, B. 6, 790). — 
BaA'j aq (V. a. H.).— BaA'- 7aq (Engelbrecht, B. 
7, 796).— CdA',2aq.— PbA a 6aq.— CuA'a lOaq. 

o-Chloro-toluene sulphonio acid 
C,H,MeCl(S03H) [l:2:3or5]. From o-chloro- 
tduene and H^SOf (Hiibner a. Majert, JB. 6, 790). 
Sodium amalgai^ gives toluene w-aulphonic acid. 
Oxidation forma ohloro-sulpho-benzoio acid. — 
NH4A' aq. — KA' ^aq. — NaA' |aq.— BaA'j 2aq.— 
CaA'j2aq.— PbA'3 2aq.— CuA'2 ^aq. 

Ghloro'toluene sulphonic acid 
C^HjMeC^SOjH) [1:2:4]. From the amide and 
HCl at 160®. Salts BaA',.— KA'. 

Chloride C,H3ClMe.S02Cl. Oil 

Amide CAMtCLSO^NHj. [136°]. From 
C«H,Me(S02NH2).Nj.NH.C,H,Me.S03NHj and 
HCl(PayBan, A. 221, 212). 

j)-Ghloro*toluene wsulphonic acid 
[4:1]04H4C1.CH2.S03H. Chlorobcnzyl aulphonic 
add, [108°](?). From C^H^ClOHjOl and 
aqueous K,SO| (Bohler, A. 164, 56; Vogt a. 
Henninger, A. Ch. [4] 27, 129 ; Jackson a. White, 
Am. 2, 169; P. Am. A. 14, 312; B. 13, 1217). 
Potash-fusion gives p-oxy-benzoic acid. 

Salts .-KA' (B. ; a. W.) -KA' aq (V. a. H.) : 
sol. boiling alcohol— NaA' : flat crystals (from 
water) or pearty 8cale8(from alcohol).— BaA'jaq. — 
BaA'2 2aq (J. a. W.) : Needles.— CaA'j 2aq.— 
CaA',7aq (J. a. W.); triiAetrio orystale.- 
GuA',2aq: pale green needles.— PbA', aq (J. a. 
W.) : long needles. — A'PbOH aq. — A'jPOjO, ; 

Chloride O^H^ClOHySOjCl. [86*6®]: flat 
crystals, v. sol. ether. 

OHLOEO-o-TOLUIO IGID 0A(0H3)CIC02H 
[2:4:1]. [130®]. Formed, together with the [6:8:1] 
isomeride [166®], by oxidation of ohloro-o-xylene 
0.H,(0H,)2C1 [1:2:4] with HNO, (Krflger. B. 18, 

1767) . Fine needles or thick prisms. By further 
oxidation by means of KMnO, both acids yield 
chloro-phthalio acid [130®*134®]. By KOH 
fusion it is converted into oxy-e-tolmo acid 
C,H,(OH,)<OH)CO,H [2:4:1] .-CaA',3aq. 

Ghloro-j^tolnlo acid C,H,(CH,)Gl[CO^) 
[4:2:1]. [160®]. Formed by the botion of boiling 
dilute BNC]^ on ohloro-oymene (derived from 
thymol and PCU. Slightly volatile with steam. 
(FUetia.Gro8a, 0. 16, 29^. 

CUoro-o-toluio acid 0«H,(0H,)01.00,H[2:8:1]. 
[164®]. Formed by oxidation of ohloro-o-xylene 
0,H,(0H,),0lil:2:8] by WO, (Kriiger, B. 18, 

1768) . Needies. V. sol. alcohol By further 
oxidation by means of KMnOi it yields chloro- 
phthalio acid [181^— A',0»2aq; sparingly 
soluble long prisms. 


Ghloro-o,.tolulc acid 03H,(CH,)C1.CO^[6:3:1]. 
[166®]. Formed, together with the Amende 
(2:4:1), by oxidation of ohloro - 0 - xylene 
aH,(CH,)2Cl [1:2:4], with HNO, (KrUger; B. 18. 
1767). Needles. Sol. alcohol, v. si. sol. water. 
By further oxidation by means of KMnO^ both 
acids vield chloro-phthalio acid [130°-134®]. 
By Kun fusion it yields oxy-o-toluio acid [173®]. 
— A'jCa 2aq : sparingly soluble short prisms. 

Chloro-p-toluio acid C,H,(CH,)01(CO^H) 
[4:3:1]. [196®]. Formed by the action of boiling 
dilute HNO, on the ohloro-cymene that is ob- 
tained from carvaorol and PCI, (Fleischer a. 
Kekuld, B. 6, 1090 ; v. Gerichten, B. 10, 1249 ; 
11, 366). Lamina.— CaA'j 3sq.— BaA', 4aq. 

Chloro-m-toluio acid 0,H,(CH,*)CLCO,H 
[3:4:1]. [203®] (V.); [210® cor.] (J.); [204® 
cor.] (It. a. K.). 

Formatum.r-l> By oxidation of chloro-w- 
xylene C^H3(CHj)2Cl [1:3:4] with K,Cr,0, and 
HjSO, (Vollrath, Bl. [2] 7, 342; Jacobsen, B. 
18, 1761). -2. From C,H3(CH,)[NO,)(CO,H) 
[3:4:1] by displaoement of NO, by ul (Beilstein 
a. Kreusler, A* 144, 182 ; Bemsen a. Kuhara, 
Am. 3, 431). 

Propcrfic*.— Needles (from alcohol). By 
KOH fusion it gives oxy-m-toluio acid [173®]. 

Salts.— BaA', 3aq : slender needles (V.).— 
CaA', 3aq. 

Ethyl ether EtA'. (263®). 
(tf-Ghloro-O'toluio acid Amide [2:1] 
CHjOl.OjH^.CONHy [c. 180®]. From the nitrile 
and H,S04 at 90®, followed by water (Gabriel, 

B. 20, 2234). Slender needles (from alcohol). 
Boiling water converts it into phthalide. At 

I 160'’ it changes to oily * pseudophthalimidine * 

C, H,NO. 

Nitrile CH2Cl.C,H4.CN. o>Cyano-hemyl 
chloride. [61^. (252®). Formed by passing 
Cl into the boiling nitrile of o-toluio acid (Ga- 
briel a. Otto, B, 20, 2223). Monoclinio crystals; 
a:6:c » *778:1: *294 ; 3-60® 2'. Sol. hot water. 

Bi-chloro-toluio acid C,H,(CH,)Ol 2 (CO.,H). 
[161®]. From crude di-chloro-xylene (222°) and 
chromic mixture (Hollemann, A. 144, 269). — 
CaA',9aq.— AgA'. ^ 

Di-w-ohloro-toluio acid. Nitrile 
0HC1,.C,H4.CN. Cyano-bemylidene chloride. 
(260®). Formed by the action of chlorine on the 
boiling nitrile of o-totuic acid (Gabriel a. Weise, 
B. 20, 3197). Fuming HOI at 170® givea 
G,H4(CH0)(C0,H). [97®]. 

Tri-ar-obloro-o-toluic acid. Nitrile 
CCl,.CaH4.CN. Cyano-beheyl trichloride. [25^. 
(c. 280®). From boiling q-toluio nitrile and Cl 
(G. a. W.). Monoclinio crystals (from alcohol) ; 
a:6:o- 1*646:1:1*106; 3-73® 63'. 

o-CHLOEO-o-TOLUIDINE 0,H,(0H,)01(NED 
' [1:2:6]. Formed by reduction of the correspond- 
ing nitro- compound (the nitration-product of o- 
cldoro-toUiene). liquid. 

Acetyl derivative 0,H,Cl.NHAo: [136®]; 
white needles (H6nig, B. 20, 2417) 

s-Chloro.toIuidine 0,H,(0H,)01(NH,) [1:3:6]. 
(242®) at 73(^mm. FormM by reduction of the 
corresponding nitro- compound. Liquid. Vola- 
tile with steam.— B'HNO, : [198®], oblourlesi 
uGodlos* ^ 

Acetyl derivative 0,H,01(NHAo): [198®]^ 
oolourless needles (H6nig, B. 20, 2419^. 
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uoixvauvo wim xn-n. i^jiiminaiion oi gives 

m-chloro-toluene.— B'HCL— BTaNO,. S. 2-59 at 
19®.— BTa^SO*.— B'HA04. 

Acetyl derivative G«HgMeGl(NHAc) 
[1:3:4]. [116®]. Formed by ohlorinatLon of p- 
»cet-toluide. Bad yield (Lellmann a. Klotz, A. 
231, 309 ; cf. Wroblewsky, A. 168, 196). 

p . Cbloro . 0 - toluidine GaH 3 (GH 3 )Gl(NH.,) 
[1:4:2], [22®]. (237® at 722 mm.). Golourless 
Liquid or white crystalline solid. Formed by 
reduction of (4:2:l)-ohloro-nitro-toluene [38°]. 

Salts. — B'HCl: colourless needles. — 
B'^GLPtGl 4 2aq: fine yellow needles. 

Ace\yl derivative G 8 H 3 {CH 3 )Gl.NHAc : 
p31®] ; long slender colourless needles, v. sol. 
not water, ^cohol and ether, si. sol. cold water 
(Goldschmidt a. H6nig, B. 19, .2440 ; cf. Engel- 
brecht, B. 7, 797; and Bcilstein a. Kuhlberg, 

A. 158, 336). 

Cbloro -p- toluidine G8H3(CH3)(C1)(NH,) 
[1:2:4]. [26°]. ^38°). Formed by reduction 

of chloro-nitro-toluene [65°] (fellmann, B. 17, 
636). Colourless crystalline solid. V. sol. all 
solvents except water. By diazotisation and 
treatment with alcohol it yields o-chloro-toluene. 

Salts.— B'HGl : broad colourless needles. — 
B'aHjSO, : small colourless plates.— B'.^H.PtCl,.. 

Acetyl derivative C,,H 3 MeCl(NnAc). 
ri05®]. From G 3 H 3 Me(NHAc).N,,.NC 3 n,o and 
boiling HClAq (Wallach, A. 235, 254). 

0 - Cbloro - m - toluidine G8H,(CH3)C1(NH2) 
[28°] (G. a. H.) ; [30®] (O. a. K.). (230°). 
by reduction of (4:3:1) -chloro-nitro- 
toluene [9®]. White crystalline solid. The 
base ana its salts are extremely soluble.— 
B'HGl : colourless tables. 

Acetyl derivative C8Hs(CHj)Cl.NIIAc: 
[97®j ; long silky needles, m. sol. water (Gold- 
schmidt a. Honig, B. 19, 2442 ; cf. Engelbrccht, 

B. 7, 797; and Gattermann a. Kaiser, B. 18, 


p-Cl 
[1:4:3]. ^ 
Formed 


2599). 

Cbloro-o-toluidine 08H3{Cn3)Cl(NH,) [1:5:2]. 
[30°]. (237® uncor.) at 730 mm. From its 

acetyl derivative (L. a, K.). The same cora- 
poum ([80®], (241®)) appears to be a by-product 
in the reduction of o-niiro-toluene by tin and 
HGl (Beilstein a. Kuhlberg, A. 156, 81). 

Salt.— B'HGl: si. sol water. 

Acetyl derivative C8HjMe(NHAc)Cl. 
[140®]. Got by chlorination of acetylatcd 
o-toluidine (Lellmann a. Klotz, A. 231, 317). 

o-Cbloro-m-toluidme G^H^MeC^NH,) [1:2:5]. 
[83®]. (239°) at 216 mm. Obtained by reduc- 
tion of the corresponding nitro- compound [44^J 
(^Idschmidt a. H6nig, B. 19, 2443 ; 20, 199 ; 
Wroblewsky, A. 168, 200 ; Henry a. Badziszew- 
sky, B. 2, 808, 699). Formed also as a by- 
pr^uct in the reduction of m-nitro-toluene by 
zinc-dust and HGl |Eock, jB^ 20, 1567). Glisten- 
ing colourless needles of characteristic odour. 

Salts. — B'HGl: long slender needles.— 
B'HNO,: [164®]. broad odourless needles. 8. 
6-01 (W.).— B'ASO^. 

Acetyl derivative 0«H,bIeGl(NHAo) : 
[89®] ; ooloarless plates. 

Bi - cbloro -p • toluidine 0«H,(GH,)GL;(NEL) 
[1:9:5:4]. [60®]. Needles ^lute alcohol). 
V. sol. alcohol and ether. Weak base. May be 
sublimed. 


Acetyl derivative G 8 H 3 Me(NHAo)CL 
[1:4:3;6]. [201®]. From G,H 3 Me(NHAc)Cl [l:4;3j 
by chlorination (Lellmann a. Klotz, A. 281, 322). 
White needles (from alcohol). V. sol. alcohol, 
insol. water, |}ol. ether and glacial acetic acid. 
May be sublimed. • 

{&) - Di - cbloro - toluidine G 8 H 3 (Oe,)Cl 3 (NH 3 ). 
[1:2:4:?]. [87°]. (259^). Formed by reducing 
(j8)-di.chloro-mtro-toluene [53°] (Seelig, A. 237, 
163). Plates (from methyl alcohol). 

Di - cbloro - toluidine C«H(CHs)Gl 3 (NH„) 
[1:‘2:4:6]. [8^]. (259°). Obtained by reducing 
di -chloro-nitro-toluene [-14°] (Wroblewr-ky, A. 
168, 213). Does not combine with acids. 

Tri . chloro - toluidine G 8 mCH,)Cl 3 (NH,) 
[1:2 4:6:3] or [1:2:4:5:6]. [91*^] (Schultz, A. 187, 
278) ; [95°] (Seelig, B. 18, 423). From tri- 
chloro-nitro-toluene [89°], tin and HCl. Needles 
(from alcohol). 

Acetyl derivative GaH(CH,)Gl,(NH^o). 

Benzoyl derivative 0„H(CH3)Cls(NHBz). 
[213®]. 

Tri . cbloro - toluidine G 3 H(CH 3 )Cl 3 (NH 3 ) 
[105°]. From (fl)-tri-chloro-nitro-toluene, SnGlj, 
and HCl (Seelig, B. 18, 423). Needles. 

CHLORO-TOIUaUINOLINE v. Chloro-(B.). 

METHYL-QDINOLINE. 

CHLORO . T0LUftUIN(»SrE C„H 3 (CH,)C 103 . 
[l:4or3:2:5]. [90° uncor.]. Formed by oxida- 
tion of di-chloro-o-cresol with KjCr^O; and dilute 
H^SO*. Long yellow needles. Volatile with 
steam, and sublimable, V. sol. alcohol, ether, 
Ac., sol. hot water, si. sol. cold. Dissolves in 
I alkalis with a dark-red colour. By SO^ it is re- 
duced to chloro-hydrotoluquinone [115°] (Claus 
a, Sweitzer, B. 19, 929). 

Cbloro-toluquinone C 8 H 3 (CH,) 0103 . [105°]. 
From chloro-hydro-toluminone [175®] by dis- 
tillation with aqueous JrajClg (Schniter, B. 20, 
2282). • 

Di - chloro - toluquinone CgH(CH 3 )CT 30 , 
[1:2:4:3:6]. [103° uncor.]. Glistening yellow 

plates. Volatile with steam. Formed by oxida- 
tion of di-chloro-m-cresol with KjCrjO, and 
HjSO*. Also from m-cresol, HCl, and KGIO, 
(Southworth, A. 168, 270). Yellow tables (from 
alcohol). The corresponding di-chloro-hydro- 
toluquinone melts at [171°] (Claus a. Schweitzer, 
B. 19,931). 

Di - chloro • toluquinone CaH(CH,)Cl,0, 
[1:?:?;2:6]. From o-oresol, KG10„ and HCl 
(Southworth, A. 168, 274). Not obtained pure. 
Reduced by SOj to di-chloro-hydrotoluquinone 
[ 121 ®] 

Tri-chloh)-toluquinone 0,(C^C1,0^ [282®]. 
From o-cresol, HCl, ana KCIO, (Grcebe a. Borg- 
mann, A. 152, 248; SouthWofth, A. 168, 273; 
Knapp a. Schuftz, A. 210, 176). Formed also by 
treating o-tolnidiiie sulphonic acid with KGIO, 
and HGl fHayduck, A, 172, 209). YeUow plates ; 
si. sol. cold alcohol, sol ether. Volatile with 
steam. 

Tetra^blozc-tolnqiiinone CH,CI:G,CI1,0.. Oc- 
curs among the products of the|aotion ^ HGl 
and KGIO, on beech-wood creosoU (Gomp- 
Besanez, A. 143, 159 ; Brilnninger, A. 186, 889). 
Golden scales. May be sublimed. 81. sol. cold 
alcohol. 
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OHLOBO.TOLTJQVINOXALIKE Dikydfide. 

.NH.OH, 

0,H,N,01 i.e. 0<,H,(GH,)< 1 . [77‘>]. 

\N = C01 

formed by heatin|; oxy-di-hydro-tfluquinoxaline 
vithPClji Long colourless needles. Insol. water, 
h e. sol. q^her solvents. Volatile with steam 
Leuckart a. Hermann, B. 20, 29). 

Di-ohloro-tolaquiuoxaline 0,HgN,01, i.e. 

OAM<n:co1> • 

^rom di-oxy-toluquinoxaline (1 gnol.) and PCI, 
2 moJ{>.) at 177)^ (Hinsberg, A. 237, 350). 
i^eedles (from ohlorolorm and petroleum-ether), 
[nsol. water. 

DI-CHLOSO^OLTIYL-BENZOIC ACID 
[)H,.C,H4.CO.O,Hj01a.CO^. Di-chloro-phenyl 
'alyl ketone carboxylic acid. From (3)-diohloro- 
phthalio anhydride, toluene, and AljCl, (Le 
Ek>yer, A. 238, 367). 

^CHLOEO-(a)-TOLTJYLIC ACID v. Chloro- 

P^NYL-AOETIO AOID. 

DI-CHLORO-MTOLYL 

:3:4:l]C«H,Me01.G,H,MeCl[l:3;'4]. [61°]. From 
ii-amido-ditolyl by Sandmeyer’a reaction (Stolle, 

B. 21, 1096). Laminaa (from alcohol). CrO, 
lives ohloro-toluio acid [205°]. 

CHLORO-DMOLYL-terf-BUTYL ALCOHOL 
CCl(CeH,Me)j.CMe,OH. (o. 2(35°). From ace- 
tone-chloroform, toluene, and Al.^Cl, (Willgerodt 
a. Genioser, J.pr. [2j 37, 369). 

Di-chloro-tolyl-fcrf-butyl alcohol 
CCl 2 (C„H,Me).CMo,OH. (o. 245°). From ace- 
tone-chloroform, toluene, and AljCl, (W. a. G.). 
CHL0R0.T0LYLENE-7n-DIAMINE 

C, H2(CH,)C1(NH,),[1:4:3:6]. [111°]. Formed by 
reduction of ohloro-di-nitro-tolueno [48°]. Gives 
the ohrysoidine and Bismarck-brown reactions 
(H6nig, B. 20, 2420). 

{$) -Di-chloro - toly lene - diamine 
C,H(CH3)C1,(NH,),[1:2?4:5;6]. [110°]. Formed 
by reducing (/^-di-chloro-di-nitro-toluene [102°] 
(Se^lig, A. 237, 164). Plates (from ligroin). On 
boiling with HOAo for twenty-five hours the 
anhydro- base is formed [170°] ; brownish needles 
(from alcohol). 

(o)-Tri-chloro-tolylone-diainine 
C,(CH,)C1,(NH2 )j. [196°]. Formed by reduction 
of tri-chloro-di-nitro-tolueno [227°] (Seelig, B. 
18, 422; A. 237, 143). White needles (from 
alcohol). CrO, oxidises it to a quinone. 

Acetyl derivative C,(CH,)Cl,(NAO;),^. 
[ 220 °]. 

(/3)-Tri-chloro-tolyl0ne-diamine 
C,(CH3)C1 s(NH,),. [207°]. Formed by reducing 
tri-chloro-di-nitro-toluene [14!^°] with stannous 
chloride in alcoholic solution (Seelig, J. 237, 
143). Needles (from petroleum ether). On 
boiling with HOAq an anhydro- base is formed, 
hence the sutf^tance is an orthodi%mine. 

«-CHLORO.DI-TOLYL-ETHANE 
CH 2 aCH(Cit,.CH,}a. From CH,Cl.CH01.0Et 
(di-ohloro-ether), toluene, and HjSO, (Hepp, B. 
7, 1413). AloohoUo KOH gives OH,:C(0,H,Me),. 

Tri-w-ohloro-dl-tolyl-etluine 
CC1,.CH(0,H,.CH,),. [89°]. 8. (etherj 60 ; (aloo- 
hoi) 2*5. Fioxiir ouloral, toluene, ana H^SO, (0. 
Fischer, B, 7, 1191). 

d:.chi,01o.di.toltl.eteyibne 

0Ol,;qO,H,.CH,)r [99°]. a (ether) 60 ; (aloo- 


hoi) 2-9. From the pfeceding body and alcoholic 
KOH (0. Fischer, B. 7, 1191). Needles. 

DI-CHLORO-DI-TOLYL-METHANE 
CH 2 ( 0 <,n,. 0 H, 01 ),. [108°]. From benzyl chlor- 
ide, methylal OH 2 (OMo)„ and H^SO,. Lamina 
(Weiler, B. 7. 1181). 

o-CHLORO-jn-TOLYL-PHENYL-THIO-DREA 
0 «H,.NH.CS.NH. 0 ,H 3 Me 01 [6:1:2]. [109°]. White 
granules. From OaHsMeO^NHj) [1:2:6] and 
phenyl-thiocarbimide (Goldschmidt a. Honig, B. 
20 , 201 ). 

CHLORO-TROPIC ACID CoH^ClO, i.e. 
O..H,.GC 1 (C 02 H).CH,OH. [128°-130°]. From 

atropio acid and HCiO (Ladenburg a. Riigheimcr, 
A. 217, 109). V. e. 'sol. water, si. sol., benzene. 
Reduced by zinc-dust, iron filings, and KOH to 
tropic acid. 

GHLORODS. Adjective sometimes used as 
synonymous with negative or acidic-, generally 
applied to radicles which combine with basylous 
radicles to form salts, e.g. the radicles SO 3 , N .Os, 
CIO, are called chloroiis, as distinguished from 
KjO, CaO, &o., yhich are basylous. The term 
chlorous is also sometimes applied to the more 
negative elements, especially to those which, like 
chlorine, do not displace the H of acids to form 
salts. The correlative term is basylous. 

M. M. P. M. 


CHLOROUS ACID HCIO,; v. Chlorin*, oxt- 
ACIDS OP, p. 17. 

a-CHLORO-ISOVALERIC ACID C^HgClO, t.e. 
(CH,)jCH.CHC 1 .C 0 . 2 H. From sodium isovalerate 
and aqueous HOCl (Schlebusch, A. 141, 322). 
Oil ; decomposed by heat. 

Tri- and tetra-chloro-isovalerlo acids were 
obtained by Dumas a. Stas by chlorinating iso- 
valeric acid in the dark. They decompose be- 
tween 110° and 150°, giving off HCl. 

CHLORO-ISOVALERIC ALDEHYDE CsH.ClO. 
(136°). S.G. 1*108. From isovaleric aldehyde 
and Cl at - 18° (SchrOder, B, 4, 402). Combines 
with NaHSO,. 

Di-chloro-isovalerio aldehyde C 5 H.,CLO 
(147°). From isovaleric aldehyde and Cl at 16°. 
Combines with NaHSO^ (Kuiidig, A. 114, 1). 
TRI-CHLORO-VALEROLACTIC ACID v^Tri- 


CHLORO-OXY-VALKRIC ACID. 

CHLORO-VALERO-LACTONE v. Chlobo-oxt. 
VALERIO ACID, Anhydride of. 

DI-CHLORO- VALERYLENE- C^H^Cl, i.e. 
CH,:CC 1 .CHj.CC 1 :CH 2 . Di-chloro-di-vinyl-me- 
thane. (145°). Formed by the action of PCI, 
upon acotyl-acetone. Liquid ; boils without de- 
composition. Readily takes up Br, forming 
C,H,Ci 2 Br 4 . Heated with alcoholic KOH it gives 
CH;0.CH,.C(0C,H,):CH, (Combes, A. Ch. [ 6 ] 
12 222 ). 

’ DI-CHLORO-o-VINYL-BENZOIC ACID ‘ 


g 2 HC 1 . 2 . 0 ,H 4 .C 02 H. [121°]. From tri-ohloro-oxy. 
indonaphthene C 5 H^<^^ 2 qj]>CC 1 , by solution 

in aqueous ilkalis (Ziucko, B. 20, 2890). Slender 
needles (from dilute alcohol). Sodium amalgam 
converts it into o-ethyl-banzoio acid [ 68 °]. 
Methyl ether MeA'. [47°]. 
o-jS/aeO'trl-omoro-vinyl-henzolo acid 
0,HJ001:OCi,)CO,H[l:2]. [16P]. 

irormation. — 1. By the action of NaOELAq 
on tetra-ohloro-oxy-iudonaphthene 

0A<ooiP'°°’* (Zinoko. B. JO, JOSJ).- 
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2. Tetraohloro<(i8l-naplitho-qni2ione ii dissolved 
in NaOHAq, HOAo added, and the mixture oxi- 
dised with ohromio acid (Zinoke, B. 21, 499). 

Proper^.— -Needles or plates. * V. sol. alco- 
hol and HOAo. Sodium amalgam yields o-ethyl 
benzoic acid. 

Mtthyl 6th6r A'Me. [76®J. 

CHLOEo-vnnn ethyl oxide c^HjCIO 
ie. CH,:CC1.0Et. S.G. 2a 1-02 (Geuther) ; 

^ 1’036 (Godefroy). V.D. 8*62. From tri-ohloro- 
ethane CH,.C5C1, and NaOEt at 120° (Geuther, 
Z. 1871, 128). Formed also by the action of 
zinc-dust or the zinc-copper couple on the com- 
pound 0,H„Gl20, obtained by passing chlorine 
through a mixture of alcohol and K^CrjO, (Gode- 
froy, O. B. 102, 869). 

Bencftons.— 1. Br forms CHjBr.CClBr.OEt 
(170°-180°), whence Cl forms CH,Cl.CCLOEt.- 
1 Ha forms CHaCl.CHCl.OEt.- 8. HNO, gives 
acetic and chloro-acetic acids.— 4. Beduces am- 
moniacal AgNO„ forming a mirror.— 6. Exposed 
to the air it rapidly changes to a vitreous mass 
(^«^C10) j aq. 

Di-ohloro-vinyl ethyl oxide CHCl:CCLOEt. 
(128® cor.). 8.G. is 1*08. Formed by the action 
of NaOEt upon CHaCl.CHClj (Geuther a Brock- 
hofif, J.pr. [2] 7, 112) or CClH:CCla (Patem6 a. 
OgliidOro, B. 7, 81). Water at 180° forms gly- 
eollic aci^ 

Di-ohloro-vinyl ethyl oxide CCljiCH.OEt. 
(146®). From CHC4.CHCl.OEt and cone, aqueous 
AOH (Godefroy). Sweet-smelling oil. Beduces 
ammoniaoal AgNO,, forming a mirror. Greedily 
combines with Br. 

Tri-ohloro-vinyl ethyl oxide CC4:CC1.0Et. 
(165®) (B,); (o.l60°)(G,). S.G, 2 1*373 ; isa 1.235 
jP.a.f.); lh-332 (G.). 

Formation,—!. From CC4:CC4 and NaOEt 
at 110® (Geuther a. Fischer, J, 1864, 316).— 
2. From GC4.CHCl.OEt and cone, aqueous KOH 
(Patemd a. Pisati, O. 2, 833 ; Godefroy, 0. R, 
102, 869 ; Busch, B. 11, 446). Smells l^e mint. 
Br forms CC4Br.CClBr.OEt [17®]. Cl gives 
03a«.o.C2Hj. 

CHIOEO - DI - VINYL - METHANE o. Di - 

CELOBO-VALBBTLENE. 

MEXA-CHLOEO-DI-VINYL OXIDE C^Cl.O 
t.a. (CC4:CC1),0. Chloroxethose. (210°). S.G.sa 
1*662. IVom (CjClJjO and alcoholic KjS (Mala- 
gnti. A, Ch. [SQ 16, 191, Br forms 04Cl^r^0 
[96®]. 

CELOBOX- V, Ghlobo-ox-. 

CHLOBOXAL- a. ChiiObo-oxal-. 

CHLOBOXETHOfE v. HEXA-CHLOBO-nz-TXinrL 

OXIDX. , 

CHLOBOXY- V, Chlobo-oxt-. 

CHLOBO-o-XYLENE C,H,(CH,),a [1:2:81. 
Mol.w.l40^. (190® cor.). Fluid at -10®. Formed, 
together with the (l:2:4)-isomeride, by chlorina- 
tion of o-xylene in presence of 5 p.c. of iodine. 
By dilute HNOg it is oxidised to chloro-toluio 
acid [164®], which by KMnO, is further oxidised 
to chloro-phthalic acid [181°] (Mger, B. 18, 

176g. 

Chloro-o-xylene C,H,(CH,)3a [1:2:41. (192® 
cor.). Fluid at - 20°. 8.G. || l*o692. Formed, 
together with the (l:2:8)-i8omeride, by chlorina- 
tion of o*xy]^e in presence of 6 p.o. of iodine. 
By dilute HNO, it is oxidised to two isomeric 
eUoro-toluio acads [ 166 ®] and [ 186 ®], which by 


’ farther oxidation with EMnO^ yield chloro* 
' phthaUo acid [180®-134®] (Kruger, B. 18, 1766). 
Chloro-o-xylene 0,H,(CH,)jCl. (206° unoor.i. 
S.G. 1*0863. Colourless, strongly refractive 
liquid. According to Claus a. Kautz (B. 18, 
1367) this is lae only ohloro-<^xylene formed by 
chlorination of o-xylene in the cold in presence 
of iodine. It is readily oxidised by dilute HNO, 
to ohloro-phthalio acid. 

Chloro-w-xylene C,H,(CH,),01 [1:3:4]. (186® 
cor.). S.G. 1*0698. Fluid at -20®. Formed 
by chlorination of 7»-xylene in presence of 6 p.o. 
of iodine. By K^Co^O, and HiSO, it is oxidised 
to chloro-ni-toluic acid 0aH3(CH3)C1.00,H [8:4:1] 
of melting-point [210°] (Jacobsen, B. 18, 1760 ; 
cf, VoUrath, Z. 1866, 488). . 

Chloro-p-xylene C,H,(CH3V,a &:4:2]. [-»-2®]. 
(186® cor. at 767 mm.). Formed by chlorination 
ofp-xylene in presence of I (Kluge, B. 18, 2099). 

a,-Chloro-o-xylene C,H,(CH,)(CH,C1) [1:2]. 
(198°). 

Formation. — 1. By chlorinating boiling' 0- 
xylone (Beyman, BZ. [2] 26, 6^).— 2. By heating 
C,H4(CH3)(CHpH) [1:2] with cone. HCl. It 
cannot, however, be obtained pure in this way 
(Colson, A. Ch. [6] 6, 117). 

Reaction.— Boiling aqueous Pb{NO,)3 gives 
o-toluic aldehyde. 

w-Chloro-w-xylene CbH4(CHj)(CH..C 1) [1:3]. 
So-called m-ToZ^/Z c/iZorfde. (196°). S.G. 21*079. 

Formation. — 1. From Ci‘and boiling m-xylene 
(Vollrath; Lauth a. Grimaux, BZ. [2] 7, 233; 

A. 145, 116 ; Gundelaoh, C. R. 82, 1444).-2. By 
the action of HCl upon C,H4(CH,).(CH.OH) [1:8] 
(Colson, A. Ch. [6] 6, 118). 

w-Chloro-p-xylene CbH,(CHs)(CH,C 1) [1:4]. 
(192°). From Cl and boilingp-xylene (L. a. G.). 

Di-chloro.o-xyleneC«H2(CH,)C4. [3^]. (227°). 
Colourless strongly refractive liquid. Formed by 
chlorination of o-xyleno in the cold in presence 
of iodine. It is readily oitidised by dilute HNO, 
to di-ohloro-phthalic acid [183®] (Claus a. Kautz, 

B. 18, 1367). ' 

Di-chloro-m-xylene C«H2(CH3),C4. (252°). 

From wi-xylene* and Cl in presence of iodine 
(Hollemann, Z. 1865, 554 ; A. 144, 268). White 
laminae ; melts by the heat of the hand. 

Di-chloro-p-xylene C,H2(CH,),C4 [1:4:2:6]. 
[71®]. (221® i.V.). 

Formation. — 1, By chlorination of p-xylene. 
2. From chloro-p-xylidine [92®] by diazotisation 
and treatment with Cu,C4 (Kluge, B. 18, 2098). 
Plates or fiat needles. V. soL hot alcohol and 
ether, si. soL cold alcohol. 

»w-Di-chloro-o-xylene (1.2)C4n4(CH2Cl),. 
[66®]. (240°). S.G. 2 1*393. S.H. (15° to 40°) *283. 

Formation. -A. By the action of HCl on »»- 
di-ox5^-o-xylene (Hessert, B. 12, 648 ; Colson, BZ. 
[2] 43, 7).— 2. By heatfng o-xylene (10 0.0.) with 
PCI, (36 g.) at 180®-200° (Cofeon a- Gautier, BZ. 
[2] 45, 6 ; 0. A 101, 1064 ; 104, 428^ Strassmann, 
B. 21. 678). 

Propertisa . — ^White crystals ; *v. sol. ether, 
alcohol, ligroln, and chloroform. Converted by 
heating with water into G,H4(CH,OH), [62®]. 
Potassium pbthalimide reacts witb formation of 
CH^CLG„H..CH,.N:CtH.O, [140^ (Strassmann, 
B. 21, 676). ^ 

Di -ehloro- 0 - xylene C,H4(CH,)(CHCL)(?). 
[103®]. (226®). From 01 and boiling o-zjlena 
(Beyman, Bl, [2] 26, 634) 
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•.W^Moro-we-xylene 0«H,(CH201)2[1;3]. [34°]. 
(253°). S.G. as 1*302. S.H. (15° to 40^ *295. 

Formation. — 1. From 0fln^(CH20H)2 [1:3] 
^nd HOI (Colson, Bl. [2] 48, 7). By heating wt- . 
xylene at 180° with the equivaloit amount of 
POlj. ThI yield is not so good as with the o- and 
D-compoundii.and to obtain it pure it is necessary 
5o saponify the crude product and treat the glycol 
io produced with HOI (Oolson a. Gautier, BL 
■2] 45, 6 ; A. Ch. [6] 6, 114). 

Di-w-chloro-jD-xylene CJt,(CH^Cl)2 [1:4]. 
100°]. (210°-25q,°). S.G. 3 1*417? S.H. (15° to 

i0°) '282. 

Formation. — 1. From Cl and boiling p-xylono 
(Lauth a. Grimaux, A. 145, 115). -2. From 
a,H^(CH20H)?[l:^ and HC1.-3. By heating p- 
sylene at 180° with the equivalent amount of 
PClj (Colson a. Gautier, BL [2] 45, 6). 

Properties. — Tables (from alcohol). Heat{3d 
5Pith water it gives the glycol 0aH^(CnpH)2. 
nr] (Grimaux, 0. R. 70, 13G8). 

“ Tri-chloro-o-xyjene C.,II(CH3),C1,. [93°]. 
(265° uncor.). Formed by chlorination of o- 
xylene in the cold in presence of iodine (Claus 
i. Kautz, B. 18, 1307). Long colourless glisten- 
ing needles. V. sol. ether, benzene, hot acetic 
icid, and hot alcohol, v. si. sol. cold alcohol. It 
is readily oxidised by dilute UNO, to tri-chloro- 
phthalic acid, the anhydride of which melts at 
[167°]. • 

Tri-chloro-m-xyleno C9n(Cn.,)2Cl3. [150°]. 
(255°). From m-xylene and Cl in presence of 
iodine (Hollemann, A. 144, 2701. Silky needles : 
7. sol. hot, si. sol. cold, alcohol. 

Tetra-chloro-o-xylene C„(CH3)2Cl4. [215° un- 
3or.]. Formed by chlorination of o-xylene in the 
Bold in presence of iodine (Claus a. Kautz, B. 18, 
1367). Sublimable. Long colourless needles. 
Not volatile with steam. Sol. ether, benzene, hot 
3cctio acid, and hot alci^hol, si. sol. cold alcohol. 
It is not oxidised by heating with HNO,. 

Tetra-w-chllhro-o-xylene C,.Hj(CnCl2)2 [1:2]. 
[86°?(G.a.G.); [89°](H.). (271°). S.G. 1*601. 
3. (ether) 50 at 15° ; 100 at 35°. S.H. (15°-G0°) 
=24. 

Fonnatio7t.—l. From Cl and boiling o-xylone 
(Hjelt, B. 18, 2879).— 2. From PCI, and o-xylcne 
at 150° (Colson a. Gautier, BL [2] 45, 10). 

Properties.— UncWmO' crystals (from ether) 
a;6:c = *972:1: -741; 0 = 54° 38'; i8 = 54° 20' ; 
y « 68° 24'. Its solubility in petroleum ether is 
double that of thep-compound. Sol. C^H,,, CHCl„ 
and alcohol. Water at 170° converts it into 
phthalide. 

Tetra-w-chloro-m-xylene C„n4(CHCl,:),.. 
(273°). S.G. 1*536 (Colson a. ‘Gautier, [2] 
45, 609). 

Tetra-oa-chloro-p-xyleno CoH4(OHCy2 [1:4]. 
[93°]. S.G.2,i*60ff. S.H. (15° to p0°) *242. S. 
(ether) 60 at 35°; S. (ligroin) 7. Formed by 
heating p-xylene (6V o.o.) and pure PCI, (40 g.) 
at 195°, and crystallising the product from ether 
(Colson a. Gautier, BL [2] 46, 9). Saponified 
by boiling with water gives terephthalic aldehyde 
CeH,(COH), ti:4]. [114°]. • 

Penta-w-oWt^-o-xylene 0,H4(CCl,)(0HCl3) 
[1:2]. [64°]. ^om o-xyleno (3*2 o.c.) and PCI, 
(40 g.) at 200° (Gautier a. Colson, 0. B. 102, 
<'89). Converted by boiling water into 
C.H,(C03H)(CH0). [97*]. 

VoL. II. 


Hexa-ohloro-wt-xylene OjH^Cl, [1:8]. (o. 286°). 
From m-xylene and POlj (Oolson a. Gautier, 
0. R. 102, 089). Converted by alkalis into a 
chlorinated acid. 

Hoxa-«-chloro.p-xylene CgH4(CCl,)j [1:4]. 
[111°]. Formed by heating p-xylene (1 mol.) 
with PCI5 (6*5 mol.) for 10 hours at 200°. Trans- 
parent crystals. Sol. ether. Heated with a 
solution of NaHO, it loses all its chlorine, form- 
ing terephthalic acid (Colson a. Gautier, Bl. [2] 
45, 607). 

CHLOEO-o-XYLENE-SULPHONIC ACID 

CJl,(CH3),Cl.SO,H [1:2;4:5]. Formed by sul- 
phonation of ohloro-OfXylene (1:2:4) (Kriiger, B. 
18, 1756). On reduction with sodium amalgam 
it gives o-xylone-sulphonic acid (1:2:4). 

Salts. — A'NaSaq: glistening needles or 
large flat prisms. — A'K : short needles. — 
A'.Ba4aq: long •needles, sol. hot water, more 
sparingly in cold. 

Amide C,H .Mo^CLSO^NH, ; [207°]; long 
felted needles, sol. hot, si. sol. cold, alcohol, v. si. 
sol. water. 

Chloro-o-xylene-sulphonio acid 
C,.H,(CH3),C1.S03H [1:2:3:6]. Formed by sul- 
phonation of chloro-o-xylene (1:2:3) (Kruger, B. 
18, 1756). 

Salt 8.— A'Na aq : large pearly plates.— A'K : 
plates. — A'jBa aq : thin glistening plates. 

Amide OAMe^Ol.SOjNH^ : [199°]; fine 
silky needles or long prisms, sol. hot alcohol, si. 
sol. water. 

Chloro-m-xylene-BuIphonio acid 
C,H3(CH3)3C1.S03H [1:3:4:8]. Formed by sul- 
phonation of chloro-m-xylene, C,H,(6H3);C1 
[1:3:4] (Gundelach, J3^.[2] 28, 343 ; Jaoobien,’B. 
18, 1761). 

Salts.— A'Na aq: long fine needles, si. sol. 
cold water. — A'K aq : needles, v. e. sol. water. — 
A'.Ba very sparingly soluble small tables. 

Amide C3H,(CH3),C1.S03NH,. [195°], 

Prisms (from alcohol ). 

Chloro-p-xylene-sulphonio acid 
C.,H2(CH3)3C1.S0,H. Formed by sulphonation 
of emoro-p-xylene. 

Salts.— A'Na aq; easily soluble prisn^iJ.— 
A'jBa aq : sparingly soluble needles (Kluge, B, 
18, 2099). 

CHLOEO-m-XYLIDINE C,H,,C1N. [89°]. 

From (*2,3,l)-nitro-7?t-lylene, tin, and HCl 
(Tavildaroff, Z. 1870, 419). Crystalline. 

Chloro-p-xylidine C3 H,(CH,)jC 1.NH5 [1:4:2:6]. 
[92°]. Formed by the action of tin and HCl upon 
nitro-p- xylene (Jannasoh, At 176, 65). Laminaa 
(from water). By diazotiging and treatment 
with cuprous chloride it yields di-ohloro-p- 
xylene [71°]. 

Salts. — B'HC12aq. — B'3H3S04 2aq. — 

Acetyl derivative OjH^MejCl.NHAo— 
[171°], colourless neeiles (Kluge, B. 18, 2098). 

CHLORO^YIO-HYDEOftUINONE v.Ohlobo- 


HTDRO-XYLOQUINOITB. 

CHLOEO - XYLOftTJINONB CrHClMe30a 
[a;:l:4:2:6]. Chloro-phlorone. [48°]. Gone.' HCl 
dissolves xyloqtinone, but immediately a brown 
crystalline mass separates. This is a lnixt^r8 
of mono- and di-ohloro-hydro-iyloquinones. If 
it be oxidised by CrO, or HNO, a mixture of 
mono- and di-chloro-xyloquinones is got. From 
alcohol the former erystalli^es io needles, the 
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latter ia pistes (CsJrstsnjen, /. pr, P) 23, 430 • 
Y, Bad, A, 161, 168). Ohloro-xyloqmnone is 
SdaTerted by boiling with HOI into di-ohloro- 
hydio-xyloqninone. ^ 

Di-chloro-xyloquinone OgCl^MejOj. [ 1 ^ j* 
Prepared as above. Not affected by boiling 
a-DI-CHIOBO-o-XYLYLENE.DI - IfilLONIC 
STHEB C,H 4 [CHo.CCl(C 0 aEt)j 2 . From sodium 
chloro-maiordo ether a^d [l: 2 ]CgH,(CHJBrL 
(Baeyer a. Perkin, JB. 17, 462; C. X 63, 14). 
Liquid. Alcoholic KOH gives o-phenylene*di- 
acrylic acid. 

Di-ohloro-w*xylylene-di-malonic ether 
CgH 4 (CHi.CCl(COaEt),)j. JFormed by the action 
of chlow-malonic ethyl ether and sodium ethylate 
on m-xylylene dibromide (Kipping, C.J. 63, 26). 
Thick yellowish oil. 

Di-chloro-p-xylylene*di-malonic ether 
C,H,[CHj.OCl(CO^t)J,. [87“J. Formed bj 
acting with ethyl chloromalonate and sodium 
ethylate on p-xylylene dibromide (Kipping. 
C. J. 53, 86 ). Colourless six-sided plates. Insol. 
water, v. sol. alcohol, ether, ^petroleum ether, 

^^^CmOEO-DI-XYLYL-ETHANE C^n^iCl U. 
CHLCl.CH(OgH,Me.,)r From di -chlorinated ether 
CH.,Cl.CHC1.0Et, xylene, and II^SO, (Hepp, B. 
7, 1416). On distillation it splits up into HCl 
and CH^rCiCgHjMe^),. 

CHOLALIC ACID v. Cholic acid. 

CHOLANIC ACID O^jH^Ojiaq. [285®] (L.). 
S. *025 at 100®; -Oil at 20® (L.; of. Kutscheroff, 
B. 14, 1492) ; S. (alcohol of 98-6 p.c. at 18®) 1*37. 
ro]D“63® (T.); 88 ® (Kutscheroff). Formed by 
oiudation, with K,Cr,0, and H,,SO„ of choleic 
acid CjsH^O,, of dehydrocholeic acid Cj.HjhO,, 
and also (according to L.) of desoxycholic acid 
(Tappeiner, A. 194, 231 ; Latschinoff, B. 1.3, 
1062; 18, 3045; 19, 474, 1521; 20, 1044 ; Bl. 
[2] 46, 818). Large tables or flat prisms. Tribasio 
acid. Dextro-rotatory. On further oxidation by 
boiling with HNO, (1-28 S.G.), it gives choloid- 
anic acid and pseudo-choloidanic acid. 

gaits.— AKSaaGaq: tables or plates; S. 
(at 18®) 4*12 ; [d]u = + 49-37°. 

JhfonO' methyl ether A"'H,Me: [207®]; 
very slender needles ; v. sol, alcohol, less sol. 
ether; the Na, K, Ca, and Ba salts are v. sol 
water and alcohol. — A'"MeBa. 

Mono-etKyl etheV A'lLEt: [190®]; the 
properties are the same as those of the mono- 
methyl ether. — A^^^EtBa. — A ' LtPb. ^ 

Di-methyl ether A'^'IIMej; [176]; 

ether A»'HEt.: [131°].- 

A'"JEt,Ba.— A'^jEt^Pb. 

Tri-methyl ether A"'Me,; [121®]; needles. 
Tri-ethyl ether A'"Et,: [76®]; needles. 
Xso-cholanic acid [248®]. t 

[a]i,«78*3®. S. * 022 ; S. (alcohol) 91; S. (ether) 
*018, Formed in small quantity, together with 
cholanic acid, by oxidation of chomic acid, with 
K.CrA and HjSO, (Latschinoff, B. 16, 713; 
19, 152!9). The cholanic acid described by Tap- 
peiner appears to be contaminated with a small 
quantity, of this isomeric acid,* Pearly plates. 
Penta-basic acid. . . 

Salts^— A’K,: soluble hair-like needles.— 
A'K.;a,: fine needles.- A'jBa, lOaq? ; sparingly 
soluble amorphous powder. A'Ba^. 
A»^bj 6 aq; amorphous pp., insol. water and 


alcohol.— A'Agj: tosomwo 

'Methyl ether [18$?]; places. 

From the lead salt and Mel. 

Ethyl fifcer [48^0^3; flat 

needles. 

CHOLFCAMPHOBIC ACID p. Cboloidanio 


ACID. 

CHOLElC ACID G^H,,0,(?). [186®-190®]. 
S. (water at 20®) -0045 ; (75 p.o. alcohol at 20®)4 ; 
(absol. alcohol at 20®) 7*1 ; (absol. ether at 20®) 
•133. With 300 mm. of a 6*06 p.o. solution in 
absol. alcohol at 20®, [ajo = 66®40'. From alco- 
hol or acetic acid it crystallises in hemihedral 
rhombic needles, (I'.bx — 1; *6057 ; P8 598. Occurs 
in saponified ox-gall together wfth cholic ahd 
desoxycholic acids. It gives Pettenkofer’s test 
for bile acids (Mylius, H. 11, 492). On gentle 
oxidation with CrO, and acetic acid it is con- 
verted into dehydroeholeic acid by more 

vigorous oxidation, with K_,Cr ^07 and 
into cholanic acid (but no Iplianio acid). Ac- 
cording to Latschinoff by boiling with glacial 
acetic acid it is converted into desoxycholic 
acid (called by him ‘ hydrated olioleic acid ’) ; 
Mylius, however, was unable to confirm this 
statement. 

Salts.— A'Ag.—A'jBa: microscopic plates, 
insol. strong alcohol and water, v. sol. dilute 
alcohol forming the hydrfated salt.— A'^Ba 6 aq : 
needles, v. sol. dilute alcohol, S. (water at 20 ®) 
•083 (Latschinoff, Bl. [2] 46, 817 ; B. 18, 3039 ; 
19, 1140 ; 20, 1043, 1053 ; Mylius, B. 19, 369 ; 
20. 1968). 

Dehydrocholeic acid (?) according 

to L. [183® uncor.]. Obtained by slowly adding 
a 10 p.c. solution of CrO, (3 pts.) in acetic acid 
to a 10 p.o. solution of choleic acid (4 pts.) in 
acetic acid ; the yield is 60 to 70 p.o. Accord- 
ing to L. it is also formed by similar treatment 
from desoxycholic acid. Silky tables. Less 
soluble in water and alcohol thai. dehydrocholio 
acid. By farther oxidation with K^CroO^a and 
H 2 SO 4 it yields cholanic acid.— A"Ba i^aq : 
needles, V. sol. alcohol, si. sol. water (Latschinoff, 

B. 18, 3045; 20, 1044). 

CHOLESTERIN {Animal chohstcrin) 

C. ^H„0,aq, or G,,H.,0,aq, or C,,H„Oaq. [146®, 
Hesse] [147-5®, or cor. -148-5®, Keinitzcr] 
[usually given at 145® to 140®].* _Wi> fur 
anhydrous cholesterin from gallstones in chloro- 
form = (-36-61-^0-249 p.) (0. Hesse). This 
rotation depends to some extent on the strength 
of the solution. S.G. ^ 1-046 (Mehu, J. Ph. 
[4] 20, 175); 1-067 (Hoppe-Seyler, Omelin's 
Handb., 18, 113>, 1-03 after fusion (Hein., ibid.), 

dtcurfence. — This substance was first ob- 
tained by Conradi iif 1755 from human gall- 
stones, of which it Bometimea constitutes nearly 
the entire rfhbstance. It has been found in 
human bile (Chevreul, A. Ch. 6 ; 96, 166) ; 

in the blood (Lecanu, A. Ch. 64; Boudct, 

ibid. 336; Denis, J. Ghim. Med. [2] 4, 161; 
Becquerel a.Bodier, Qaz. Med. 47) ; together with 
protagon as an es^gential constituent of the 
nervous tissue, of the yo’k-of egg, of the 
seminal fluid, and of the red* and white cor- 
puscles of the blood (Hoppe-Seyler, Med. Chcm, 


■ When obol ester la Is mixed wilb iUo-cbolMterm, the 
melting point U lowered. 
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rjMen* Ii l^t 1866, 744) { in tha brain 
rOon«rbe,i. Oh. 65, 281; Eremy.iWi. [8] 11. 
486; BenAa, Bied, Oentr. 1881, 668)— the brain 
of a’boy 16 years old was found to <»ntam 26*92 ^ 
obole8ter|p«2*84^.0M that of a woman 19 years 
old 26*79^ ■2*12 p.o. (Beneke) ; in the yolk of 
egg (Lecani!, /. Ph. 16, 1 ; Gobley, ibid. [8] 12, 
12 -four hen’s eggs yielded 0*692 g., and four 
newly hatched chickens 0*41 g. (Beneke) ; in 
oxen bile (Aafner, J. pr. [2] 19, 305) ; in human 
mil'c to the amount of 0*0318 p.o.jTolmatschefl, 
Med.-Chem. Unkrs. 1, 272); in cow’s milk 
(Schmidt a. Mulheim, Arckiv f. d. gcs. Physial. 
26, 884) ; in the spleen, and abundantly in the 
excrements o4 the crocodile (Marcet, A. Ch. [3] 
69, 91) ; iJ3i guan(f (Hoppe-Seyler, J. 1803, 654) ; 
in the corpus luteum of the cow (Lieben, Z. 
4 , 646) ; along with paracholesterin in the proto- 
plasm of etJialium septicum (Iteinke a. Rode- 
wald,i4.207,228) ; along with iso-cholesterin in 
th^ grease of sheep’s wool (Hartmann, huiug. 
Dissert. Qbttinger% 1863 ; E. Schulze, Z. [2J 6, 
463); and in certain morbid products of the 
animal economy, such as cerebral concretions, 
scirrhous matter of the mesocolon, hydropic 
liquid of the abdomen, ovaries, testicles, &o. (Las- 
saigne, A. Ch. 9, 324 *, 0. Henry, J. Ghim. Med. 
1 , 280 ; Caventou, J. Ph. 11, 462; Lehmann, 
Lehrb. d. Physiol. Chem. 2te Auil. 1, 286). 

The first exact Analysis of cholestcrin was 
made by Chevreul, who assigned to it the for- 
mula Its metamorphoses have been 

studied by Marchand {J. pr. 16, 37) *, Rndten- 
bacher {A. 67, 145); Meissner a. Schwendler 
[ibid. 59, 107, also J. pr. 39, 247) ; Zwenger (^4. 
66, 6; 69, 347) ; Heintz (P. 79, 524) ; Berthclot 
{A. Ch. [3] 56, 61) ; and by others, who will be 
referred to in the course of this article. 

Preparalion.—i. By crystallising biliary 
calculi from boiling abjohol, to which a little 
potash is added to dissolve any fatty acids that 
may be presett— 2. By extracting brain sub- 
stance with ether, and boiling the evaporated 
extract with alcoholic potasli.— 3. From the 
grease of sheep’s wool oy saponifying for 20 
hours at 100° with alcoholic potash in a closed 
stoneware bottle, evaporating the alcohol, taking 
up with water and shaking with ether. The 
residue from the evaporation of the ether con- 
sists of a mixture of cholesterin, iso-cholesterin, 
and a nearly -related amorphous alcohol poorer 
in carbon,* and these are best separated from 
one another by conversion into their benzoic 
ethers, by fusing the mixture of alcohols (2 
parts) with benzoic anhydride (1 part) to about 
180'^ for 48 hours. The resulting mass is rubbed 
up with a little alcohol in a mortar, tneatet first 
with a cold solution of Aifa-^COj, and then with 
warm water to extract the benzoic acid formed 

* This amorphous alcohol, which la poorer in carbon 
than cholestcrin, ia T. sol. cold alcohol, ether, and acetone, 
but it has not je#bcea obtained pure, in fact thcra is as 
yet no guarantoe that it Is a ohoinlcally simple substance. 
It has a weA, aromatic odour, and melts at a i^ntlo heat. 
It appears to be pnesent In the fat, partly free and partly 
combined with aotds, chiefly oleio, The greater portion 
of wool-fat ooBsUts of oorapoundeethers, but a portion of 
the alcohols— at ie^ of the oholestorins — and also some- 
timos a portion of Ve odds are present in the free state. 
The formation of potash soaps in wool-fat ia now readily 
explained by the presence of free fatty acids on which the 
K.UO, can act; a portion of the compound ethers may, 
however, be deoompoeed also (Schulze a. Urlohf/.jw*. [2] 
MUI). 
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and the excess of anhydride, and then dried. 
To the mixture cold ether is now added, in 
which the benzoate of the amorphous alcohol ia 
readily soluble, those of cholesterin and iso- 
cholesterin dissolving only slightly. The two 
latter i^y then be separated by slow recrystal- 
lisation from ether and elutriation, cholesterin 
benzoate crystallising in plates, and iso-choles- 
terin benzoate in needles. The benzoates are 
then separately saponified for their respective 
oholesterins, which are recrystallised for further* 
purification (E. Schulze, J. pr. 7, 163). — 4. On 
adding ether and HCl to fresh oxen bile, the 
cholesterin is obtained in the ethereal layer 
(Hiifner, J. pr. [2] 19, 305). 

Monatomic alcohol. Laminated 
transparent crystals of C2uH,^0,aq (from a mix- 
ture of alcohol (2 vols.) and ether (1 vol.)), which 
give off their water at 100°. Plates (containing 
aq) (from alcohol and ether). Anhydrous needles 
(from chloroform). Tasteless and inodorous. In- 
sol. water, v. sol. hot, si. sol. cold, alcohol, v. sol. 
ether, chlorofornf, carbon bisulphide, oil of tur- 
pentine, soap water, and neutral fats, Ac. 

Reactions. — (a) Sublimes at 200°, but decom- 
poses at a higher temperature. (6) Resists the 
action of cone, alkaline solutions, even at the 
boiling temperature, but is decomposed by lime 
at about 250°, with evolution of hydrogen and for- 
mation of an amorphous body nearly insoluble in 
alcohol, (c) For the action of halogens v. De- 
rivatives. {d) Yields with cone. H^SO^ a. b. and 
0. Cholesterilins (v. these) (Zwenger). (e) Yields 
with cone. H3PO4 (a) and (j3) Cholesterones [q.v.). 

Characteristic tests. — (a) When a few 
centigrammes are dissolved in chloroform and 
the solution is shaken up with an equal volume 
of H2SO4 (best of 1*76 S.G.), the chloroform 
layer, at first yellow-brown, soon becomes blood- 
red, and then cherry-red or purple, the colour 
remaining for some hours if the solution is in a 
closed bottle, i.e. if air be not admitted ; it then 
becomes blue, green, and finally yellow. The 
sulphuric acid at the same time shows a fine 
green fluorescence (Hesse, A. 211, 283 ; Reinkn a. 
Rodewald, A. 207, 229 ; Salkowski, G. G. 1873). 
(6) When a small quantity is evaporated at a 
gentle heat with a drop of nitric, acid, a yellow 
spot is left, which turnl red when touched with 
a drop of ammonia, and the red colour thus pro- 
duced is not essentially altered by subsequent 
addition of fixed alkali, thus distinguishing this 
from the corresponding reaction with uric. acid 
(Schiff, A. 116, 113). (c) When slowly evapo- 
rated to dryness with 8 vols. cone. HCl or 
HjSO, and 1 vol. Fe^Clg solution, the particles re- 
maining undissolved assume a violet-red colour, 
clianginl^ to bluish-violet at a somewhat higher, 
and dull-grey at a still higher, temperature. 
This iwactio^, which fs likewise produced with 
AuClj, PtCl^, or KjCrjO, + HCl, is not exhibited 
by the colouring matter or any other constituent 
of the bile (Schiff). 

Applications.— Ci\o\e?iienn possesses the pro- 
perty of absorbing more than 100 p.c. of water 
(Liebrich, cf. G. S. I. 6, 578), a point of great 
therapeutic moment. The grease o< sheep’s 
wool is now therefore being purified in quantity, 
and the manufactured product, which is torm« 
* lanolin,’ used as a basis ior ointments, Ac, 

L 2 
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Cliolesteryl chloride, [97®, Wa- 

itaky]. [96®, Baymann]. Prepared by the action 
>f POI 5 on oholesterin or its acetate. Small 
icales, si. sol, alcohol, v. sol. ether. Not decom- 
posed by aqueous, but by boiling alcoholic potash 
[Planer, A. 118, 25 ; Lindenraeyer, J^pr, 90, 
m ; Bayman, SI. [ 2 ] 47, 898). 

Oholesterin dibromide OjaH^^OBrj. Prepared 
by the action of bromine on oholesterin, both 
dissolved in CS-,. White needles (from ether- 
alcohol), si. sol. alcohol, V. sol. ether. Is recon- 
verted to cholesterin by Na amalgam (Wislicenus 
a. Moldenhauer, A. 146, 175). 

Cho^Bsteryl chloro-dibromide C2,.n,jCl,13r_;. 
[128®]. Prepared by gradually adding Br to an 
ethereal solution of cholesteryl chloride. White 
powder or large colourless crystals (from CS.^). 
Siil. carbon bisulphide, chloroiorm, and ligrom 
(Bayman). 

Nitro-cholesterin [94°]. Bed-yellow mass, 
insol. water, sol. NH,Aq and K(Na)OHAq, v. sol. 
alcohol, ether, chloroform, &c, (Beiuitzer, M. 9, 
421). 

Di-nitro-cholesterin CjgH,,^(NOj)P or 
02 jH 4 o(N 02 ) 20 . [121°]. Colourless needles (from 
alcohol). V. sol. hot alcohol and ether (Preis a. 
Bayman, B. 12, 224). 

Nitro-cholesteryl chloride C 2 gH,j(N 02 )Cl or 
CmH 4 o(NO,)C 1 . [149°]. Colourless needles (from 
afiohol) (P; 

Cholesteryl acetate C^gH^^O.C.H.O or 
C^H^Q.C^HjO. [92°, Lobisch, B. 6 , 51*3]; [113°, 
Baymann, BL 47] [lil°-112° uncor. (chol. from 
gallstones), Jacobsen] ; [114*6° cor.] (from gall- 
stones) (Beinitzer, M. 9, 428). 

Preparation.— By heating oholesterin, also 
sodium cholesterate, with acetic anhydride, or 
with acetic acid or acetyl chloride. Needles 
ffrom benzene). Trimorphous, the first modi- 
ncation being monosymmetrio crystals, and the 
second monosyinmetric plates with rhombic 
edges, while the third form has not yet been de- 
fined. Shows curious changes of colour on soli- 
difying after fusion, which changes are not yet 
explained, but are apparently closely connected 
with the separation— during fusion— and re- 
solution of a substance whose nature is not 
known (Leymann v. Beinitzer, loc. ciL). 

Bromo-cholesteryl agetate Cj^H^iBrj.C^HjOj. 
[118® oor. and 116® cor.] (Beinitzer, ilf. *9, 424). 

Long glancing tables (from ether- alcohol). 
Dimorphous, the first modification being mono- ^ 
symmetric tables [118°], and the second asym- 
metric tables [116^. Somewhat decomposed by I 
light (Beinitzer). * 

Cholesteryl outyrate C^bH^jO.CjHjO. M. sol. 
hot alcohol. 

Cholesteryl stearate Needles, 

el. sol. cold ether, almost insol. alcohol (BSt- 
thelot). k 

Cholesteryl benzoate OkE,|O.G,HjO or 
C^H^O.C^HjO. [160°--161® Schulze; 146*6® cor. 
Beinitzer]. 

Preparation . — See separation of oholesterin 
and isocholesterin (Schulze, J. gtr.). Better, by 
heating anhydrous oholesterin (10 pts.) with 
benzoic anhydride (12 pts.) in an open flask to 
160°-160® for 1^ houjre (Beinitzer, M. 9). Beau- 
tiful small glancing tables (from ether) ; m. sol. 
ether, si. sol. boiling alcohol (Berthelot, ^hulze). 
Trimotphoua, the first modification being tetra- 


gonal crystals, the second forming rhombto 
needles or small plates, and the third crystallisinp 
in thin broad plates. Exhibits on fusion colour 
phenomena sfnilar to those shown by the acetate, 
but not quite the same (Beimtzer, lo% cit.),* 

Sodium cholesterate CjjjH^NaO. [150°]. 

Foi-mation. — By the action of ifa on a satu- 
rated solution of cholesterin in petroleum. Silky 
needles (from petroleum or chloroform). Slowly 
decomposed by water, move quickly by alcohol 
(Lindenmeye^, J. pr. 90, 3*21). 

Cholestorylamine C^bH^NBj. [104°] (Henry). 
Small plates. 

Cholesteryl-aniline C, 5 H^,.CaH,NH. [187°]. 

Preparaiion.~By heating cholesterin chlo- 
ride and aniline to 180® foi*G-i 2 hours (Walitzky, 
Chem. SecLd. Russ, phys.-chem. Ges., Oct. 1878 ; 
B. 11, 1937). Long rectangular plates (from 
CS,) ; m. sol. ether and boiling alcohol, v. sol. 
carbon bisulphide. Ppd. from ethereal solution 
by mineral acids. • 

Salts.~The H^SO,, HN4)„ and HCl salts 
are crystalline. 

Cholesteryl.j>-toluidiue CjjH^NHC.H,. [172°]. 
Prepared at 150°-180°. Kectangular tables 
(from other). Sol. alcohol, ether, and carbon bi- 
sulphide. Weak base (Walitzky). 

Salts.— The TIN 0^ salt is much more stable 
than those of HCl or HjSiX. 

Tri-oxy-cholesterm 

Preparation. — (a) By saponifying the di- 
acetin (see below) with alcoholic potash, dissolv- 
ing the residue in water and ppg. by an acid 
(Latschinoff, Chem. Sect. d. Buss, phys.-chem. 
Qes., Oct. 1878 ; B. 11, 1941). 

(b) By oxidising a solution of cholesterin in 
HOAo by KMnO, ; this latter method does not 
yield it quite pure. 

Properties. — Yellowish powder. Sol. alcohol, 
j ether, and KOHAq. Moi. w. not yet determined. 
Kescmbles phenol in behaviour. 

Di-acetyl derivative 02 *H,e 0 (C 2 H 302 ),. 
[77°]. 

Preparation. — Cholesterin acetate is oxidised 
by KMnO, and the di-acotin dissolved out of the 
resulting mass by ether (Latschinoff). 

Properties. — White hard powder, indistinctly 
crystalline, obtained on adding water to the HOAo 
solution. V. sol. glacial acetic acid, alcohol, 
ether, benzene, &o., but not crystallisable from 
any one of these. 

Cholesterilino a, b, and c C^cH,, or 
(Zwenger, A. 66 , 6 ; C9, 347). 

Preparation.— By acting with cone. H 2 SO, on 
a slightly heated mixture of cholesterin and 
dilute sulphuric %cid. 

P^opehie^. — (a) [240°]. Amorphous. Insol. 
water, almost insol. albohol, v. si. sol. ether. ( 6 ) 
[256°] shining scales. Insok wa^or, m. sol. hot 
ether, (c) [ft?®]. Besinous. Insol. water, sol. 
hot ether. 

Walitzky’s Cholestene obtained by 

heating cholesterin with sodium to 160°-166°, 
appears to be identical with e, also with the com- 
pound obtained by acting on cholesterin with 
HI ( 8 .G. 1*5), or by heating it with soda-lime up 
to 250®. Cholestene and the two last give, with 
excess of Br, the same compound Cj^H.-Br, 
(Walitzky, C. B. 92, 196). 

T, Weyl {Archiv f. Anat. und Physiol. 1, 
182) has ztudied these compounds anew, and 
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considers that they agree with the formnla 
(OjHgjnHjO, For the relations between oholes- 
tcrin, cholalio aoid, and the terpenes, see Lat- 
Bchinoff, Walitzky/iand Weyl. ’ 

Choleslllrones OjaH„ or When choles- 

terinis boile4with excess of cono. phosphoric acid 
it forms two compounds, a- and /3.cholesterone, 
isomeric with each other, but differing in physi- 
cal properties (Zwenger, A. G9, 347). 

a-Chloreaterone. [ 68 °]. Rectangular 
prisms, T. sol. aloqjiiol and ether, %nd distilling 
without decomposition. 

fi-Oholesterone [176°]. Small silky 
needles, almost insol. alcohol, si. sol. ether. 

Chole8terlo*aci*0,*H,eO,. 

Formation. — By the oxidation of cholic acid 
024H„OjOr by K.Cr^O, (lO parts) and 

H 3 SO 4 (16 parts). The acid must be diluted with 
at least three times its volume of water before 
th 6 «xidation, and the latter interrupted as soon 
as the cholesteric ^id is formed, otherwise it is 
obtained mixed with pyro-cholesteric acid (see 
below). Redtenbacher's cholesteric acid Ci.iH^aOa 
{A. 67, 160) is such a mixture. The tiltcrod 
solution must be concentrated at a low tempera- 
ture, unless the H. 4 SO 4 is first neutralised. The 
cholesteric acid crystallises, and is purified either 
by washing with a little cold water or by recrys- 
tallisation from ethea (Tappeiner, A. 194, 211 ; 
B. 12, 1627 ; Latschinoff, B. 12, 1518). 

Properties. — Tribasic acid. Needles (from 
water and alcohol), long prisms (from ether con- 
taining some water). V. sol. hot water. Not 
volatile with steam. Slightly dextro-rotatory in 
alcoholic solution. Gives no colouration with 
sugar and H.^S 04 , and has not the toxic action 
of cholic acid. Its pow-er of crystallisation is 
greatly diminished by the presence of small 
quantities of the pyro-acid. 

Salts. — The Ca ana Ba salts are less sol. 
hot than cold water. At 100° they generally go 
intorfalts of pyro-oholesterio acid (Tappeiner). 
A'^^Ba,, A'"Ag„ A'"H,Ag. 

Pyro-cholesteric acid C,,H,j 05 . [108°]. 

Preparation. — (a) Best by heating a solution 
of cholesteric acid in glycerin for 6 to 8 days at 
198°, saponifying the glycerates, distilling olf 
small quantities of volatile acids, such as pro- 
pionic, and extracting with ether (Tappeiner). 
( 6 ) Also by boiling with H 2 SO 4 diluted with 
8 vols. water, but in this case the decomposition 
goes further. 

Properties. — Gummy mass, sol. water, alcohol, 
and ether. 

Iso-cholesterin Cj^H^O. [138^-138’6°]. [a]„ in 
ethereal solution 60° (Schulze, J.pr. (12] 7, el 63 ; 
Schulze a. Urioh, J, Pr.*[2] 9, 321; Schulze, 
B. 12, 249). 

Occurrence#— In the fat of sheepfs wooL 

For Preparation and separation from choles- 
terin, see the hitter. 

Properties. — Flocks (from dilute alcoholic 
solution), a jelly (from concentrated alcoholic 
solution), fine transparent needles (from other 
or acetone). 81, sol. cold, f. sol. hot, alcohol, 
ether, and aoeto^Q, i.e. solubility is very much 
the same as that of cholesterin. A mixture of 
cholesterin and iso-cholesterin melts at a lower 
temperature than either separately. 

Reactions.— (a) The CHOI, and HjSO, test 
gives only a very feeble colouration (Schulze, 


J. pr. [ 2 ] 7, 163). ( 6 ) The HNO, and NH, test 
gives the same colouration as cholesterin. 

Iso-cholesterin derivatives. 

Iso-cholesteryl chloride 024 H 4 ,C 1 . 
Prepared by the action of PCI, on iso-cholesterin. 
AmorpMius. V. sol. ether, si. sol. alcohol. 

Acetyl derivative [below 100 °]. Amor- 
phous ; si. sol. alcohol. 

Stearyl derivative [72°], Fine white 
needles (from ether). V. si. sol. alcohol. 

Benzoyl derivative CjB.fi. 

[190°-191°]. Fine needles (from ether). SI. sol. 
alcohol, m. sol. acetone, v. sol. ether. 

Phytostorin C 2 HH 440 ,aq. [132-133°] ^Hesse, 
A. 192) ; [133°] (v. Lippmann, B. 20, 8201) ; 
[133°] Pasclikis,H. 8, 356; [132°], [136°], [133°], 
and [136°], Jacobsen ; [136-187°], Beneke ; 
[136-137°] Schufze a. Barbieri (from lupines), 
J. pr. [2] 25, 169. Md (anhydrous in OHCl,) 
c= -34-2° (Hesse) 

*0 -33*7° and -35*1° {v. Lippmann) 
from -30*4 k> -33*4 (Jacobsen) 

—32*7° (Paschkis) 

-32*6° in ether (Lindenmeyer) 

— 36*4° (Schulze a. Barbieri). 

Those who first isolated phytosterin considered 
it to be cholesterin. The name phytosterin was 
given to it by Hesse. 

Occurrence.'— In peas and olive oil (Beneke, 
A. 122 , 249 ; Knop, C. C. 1862, 819) ; calabar 
; beans (Hesse, A. 192, 176) ; in the seeds and 
I cotyledons of the shoots of the yellow lupine, 

I ‘ Lupinus luteus * (Schulze a. Barbieri, J. pr. [ 2 ] 

I 25, 159) ; in almonds; mustard seed ; Bockshorn 
i seed ; in numerous fungi, e.g. Polyponis offici- 
nalis (Schmieder, C. G. 86, 774) ; in the seed 
oil of rape, lentils, almond, cotton, earth nut or 
pea nut, poppy, and cocoa (Salkowski, Z. f. 
Anal. Chetn. 26, 657) ; together with cholesterin 
in butter and cod-liver oil (Salkowski) ; in hog’s 
I beans and vetches (Jacobsen) ; in the juice of 
, beet (v. Lippmann, B. 20, 3201) ; in wheat gluten 
! (Rittnausen, J. pr. 86, 212 ; 88, 146) ; in maize 
j grains (Hoppc-Seyler, Krit. Zeit. 10, 32); in 
barley fat (Stellwaag, Zeitschr. f. d. g. Bramses. 
; 1886,176; Chem. Zt.,Chem. Bepert. 10, No. 23); 
in the fat of meadow hay and of oat straw 
(Eonig, Landw. Versuchstationent 17, 8, 11); 
in colchicum seeds (PasChkis, H. 8, 366) ; in the 
oil of the seeds of Chaulmoogra {Qynocardia 
odorata, Roxb.), of J^qaixity (Abrus precatorius 
)Lam,), and in the fat of tne leaves of Ery- 
throxylum hypei-ificifolium 'Lam. (Heckel a. 
Schlagdenhauffen, C. B. 1Q2« 1037) ; probably 
also in the animal body, possibly together with 
cholesterin, as may be deduced from older ob- 
servations (Gmelin, Uandb. 4, 2092). 

•Preparation. — (a) From peas (Beneke, loc* 
cit.). 

( 6 ) From qalabar bfeans. These are Extracted 
with petroleum ether. When this is evaporated, 
a fatty oil is left, out of which phytosteifin crys- 
tallises. It is separated from the oil by pressure, 
purified by dissolving in ether with bone black, 
and recrystallisdfl from alcohol (Hesse, A. 192, 
176). 

(c) From beans. The powdered beans are 
extracted with alcohol, the alcohol distilled, and 
the residue extracted with ether. This extract 

* It ii poBBlble that In some of the oaiM hare men* 
tioned a eholesterin other than phytoaterla it prettai 
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I saponified witli 25 p.c. NaOH, and the layer 
1 fat separated from the deep-coloured mother 
iqnor. The fat, purified from glycerin, is then 
ixtraoted with ether, and the phytosterin ob- 
ained from this ether extract (Jacobsen 
Dissert. KSnigsberg in Preussen, 18871. 

‘ (d) From the powdered seeds ^d shoots oi 
die yellow lupine (Schulze a. Barbieri, J. pr. [2] 

26, 169). The finely powdered seeds and slmots 
Eire extracted with ether, the extract distille^ 
and the residue boiled for several hours with 
alcoholiq potash, using a reflux condenser, iho 
solution thus obtained is evaporated, the residue 
rubbed 'up with water and shaken with etlier 
Several times. The ether is then distilled oil, 
and the residue dissolved in the least possible 
quantity of hot alcohol. On oopling, the phy*’®' 
sterin crystallises out. It may then be punhed 
by conversion into the benzoate, re-saponihca- 
tion of this with alcoholic potash, and re-cry stal- 
lisation from alcohol. 

(e) Reinitzer recommends the following 
method for the separation of cholestenn from 
fats IM. 7, 697). The }mce—e.g. of carrots is 
ppd. with PbAc,, the pp. dried, and-together 
with the pressed vegetable— extracted by caibon 
bisulphide. The residue after distillation of the 
bisulphide is saponiiicd with alcoholic potash, 
the alcohol evaporated, the mass taken up with 
water and ppd. by BaCl,, and the washed and 
vacuum-dried pp. extracted by acetone. 

Properties.— Glittering plates of 0.;«Ji44Uaq 
(from alcohol), silky needles of Cn„H„0 (fromchlo- 
roform, ether, and petroleum ether). Insol. water 
or KOHAq, v. sol, hot alcohol, ether, and chloro- 
form. A mixture of phytosterin (from lupines) 
and oholesterin crystallises from alcohol in a 
mass of small needles, i.e. in a form different 
from that of either separately. , _ „ _ , , 

Beactum8.~(a) The CHCl, and n,S04 test 
gives exactly the same results as with cholestenn 
and quebrachol (Hesse, A. 211, 283). 

(6) Cautiously evaporated with liOi ana 
FejCl,, it gives a violet colour like ordinary cho- 

Acetyl derivative C26H480(C 11^0) or 
028H4 i 0(02H,0). [120°, Hesse]. [120, 120 , 

118°, and 126° uncor., Jacobsen]. Glancing 
plates (from alcohol) (Hesse). Resembles in its 
properties the acetates of cupreol and quebra- 
ohol (H.). Prismatic needles (from alcohol) 
(Jacobsen). SI. sol. alcohol, v. sol. ether and 

^^^Bentoyl derivative [146-6°, 147°, 146°, 
and 146° uncor., Jacobsen]. Thin glancing 
rectangular plates (from ether), si. sol. alcohol, 
in. sol. ether and chloroform. Gives the colour 
reactions with CHClg and H2SO4 and with Fe^Cl.. 
but not with HNO, and NH, (Jacobsen). 

Hydrocarotin C13fi-6°] [«]o m 

CHCL) -86° (Amaud, C. JS. 102, 1319; also 
100, lit). [138-2°]. [a], (in CHCl,) ^i- 

nita^, M. 7, 679). This substance is probably 
phytosterin, although Reinitzer considers that it 
more nearly resembles Liebeitoann’s cholestol 
(oxyquinotergene) 


(oxyquinoterpenej umA 4 ii^i ‘ J». '7 

In it. tum,Hes« &» on i. being probably 
almost pure oinehoL • 

Occurrence and preparation , — In and from 

(oontaining aq) (from 


alcohol), anhydrous needles (from the other sol- 
vents). Insol. water, si. sol. cold, y. sol. hoi 
alcohol, ether, chloroform, Ac. Frfihde [J. pr. 
102,424)decla!ed hydrocarotiittobe c^lestenn, 
which Husemann repudiated. Am«ud, how- 
ever, finds that Husemann’s hydr(»arotin (A. 
117, 200) is phytosterin mixed with some caro- 
tene. . .. 

Reactions.-GiveB the cholestenn reactions 

with 

{a) CHCl, tnd HjSO, 

(6) HNOsandNH, 

(c) HClandFe^Clg , „ nr. m 

(d) Liebermann’s with (Ao)oO and H2SO4 [B. 

18, 1803). • „ , , 

Acetyl derivatives. [128-2°]. Colourless 
crystalline scales (from ether-alcohol). SI. sol. 
hot alcohol. . 

Benzoyl derivative. [145°]. Dimetnc 
! olancing tables, when slowly crystallised f|pra 
‘ether. V. sol. ether. (C/- 

Para-oholesterin 02aH440aq. [134 -134 6 

uncor., R. a. R.]. We (in CHCy -28-88 and 
-27-24 for different strengths (R. a. li.). 

Occun'ence.—ln the protoplasm of EtJialtum 

^^^^Preparation.--Et}uiliurnsepti£um is digested 
with alcohol and the whole mass evaporated te 
dryness and extracted witfe ether. Irom this 
the p-cholesterin crystallises out, and is purified 
by crystallisation from hot alcohol, the cliole- 
sterin which is also present remaining in the 
alcoholic mother liquor (Reinke a. Rodowald, A. 
0()7 229) 

1 “ Plates (containing aq) (from 

I alcohol), silky glancing needles (from ether and 
I chloroform). V. sol. hot alcohol, ether, and 
chloroform, m. sol. cold alcohol. Gives up its 
water over H2SO4. I^ general properties it 
agrees with oholesterin, iBO-cholestenn, and 
Beneke’s oholesterin from pew, in chemical 
properties it resembles Hesse’s phytostenn, 
Reaefions.-^ The CHCl, and H2SO4 test gives 
much the same colouration as Schulze s iso-oho- 
leslorin. At first both the chloroform and sul- 
phuric acid layers are coloured yellowish-brown, 
the latter with green fluorescence. On prolonged 
standing the chloroform becomes blue and then 
violet, while the acid becomes a deeper brown 
and the fluorescence increases (B. a- «•)• 

Benzoyl derivative. [127 -128 un- 
cor.]. Thin glancing rectangular plates (from 
ether). V. sol. ether and chloroform, m. sol. 
hot, si. sol. cold, alcohol (R. a. R.). r t /• 
Caulosterin C2«H440aq. [168 -159 ]. Wd (m 
chloioforpi) -49-6°. t 41,- 

Occurrence and preparation.— In the rewt 
and growing parts (radicles) of the shoots of the 
yellow lupiiK?, ‘ lupinus lutehs.’ kom which it is 
extracted in the same way as the phytosterin 
from the seeds (Schulze a. Baibien, J.pr, [2] 

With CHOI, and H^SO.it bo- 
haves in the same way as cholestenn and phy- 

^^^Benayyl d€Hvatwe,— Th\^ glancing plates 
(from ether). 


It will be seen from the foregoing description 
of the oholesterins that much investigation la 
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■till requirecl to determine trhether they are 
homologues or isomeridcs. 

1. The' various animal cholesterina (from 
biliary calculi, b^ins, &o.) havefhithorto been 
considerei to be one and the same substance, 
since prep^ations from many different sources 
have been found to possess the same melting- 
point, and also because of the homogeneity of 
the benzoic ether (Schulze a. Barbieri) ; but the 
point still requires further proof (Reinitzer, M. 9). 
It IS not impossible that different cholesterins 
should occur in different animal organs, just as 
dilTerent varieties were found by Schulze and 
Barbieri in different parts of the yellow lupine 
{cf. Hesse, 19^. For the probable relation 
of the oholesterins to the terpenes and camphors 
V, Walitzky {B. 9, 1310), Latschinoff {B. 12, 
1518), Liebermann {B. 17, 871; 18, 1803), and 
Weyl (Archiv f. Amt. u. Physiol. 1, 182, B. 
19|j Ref. 618). The analogy of cholesterin to 
camphor is confirmed by the absence of any 
action when it il treated with hydroxylamine 
(Rayman, Bl. 47). 

2. Iso-oholesterin is apparently a simple 
substance. 

3. Para-cholesterin differs little from phyto- 
sterin, excepting in specific rotatory power, and 
requires to be further examined. 

4. With regard* to vegetable oholesterins, 

Hoppe-Scyler {Handb. d. 'phijsiol. u. pathol. 
Chem. Analyse, ite kn^, p. IIQ) surmised that 
cholesterin was probably a constant constituent 
of meristematio plant cells. Since they are so 
widely distributed among plants the oholesterins, 
according to Schulze and Barbieri, are to be 
looked upon as invariable constituents of the 
protoplasm. These last-named authors found 
oholesterins in very considerable quantity in the 
etiolated shoots, but only in very small quantity 
in the green plants bf the yellow lupine, and 
hence they concluded that vegetable oholesterins, 
esQjaoially caulosterin, are decomposition pro- 
ducts of albuminous compounds in the life 
process of the cells, a point already suggested 
by Hoppe-Seyler {Jlandh. 1,81). Hesse considers 
that, because normal cholesterin possesses a 
stronger rotatory power than phytosterin, the 
former compound must bo the next homologue 
to O28H44O i.6. OusH^jO, the formula proposed by 
Walitzky, and also at one time by Berthelot 
{Omelin, Handb. d, Org. Ghem. 4, 2093), although 
the latter returned later on to the one usually 
accepted, viz. O^uH^^O; Reinke and Rodewald, 
however, think this insufficient to overthrow 
the theory of the isomerism of the oholesterins. 
Cupreol, oinohol, and quebrdl^ol (all ^ them 
C,,uH„ 0,H20), and also Riebermann's cholestol 
(which is believed by Hesse to be nearly pure 
cinchol), all4>eloil|s to this class oholesterins. 
Reinitzer is of opinion that oynanoocerin, cynan- 
chin, eohicerip, and eohitine (Hesse, 4.192, 182), 
aspidol (Daocomo, Centralbl.QT , 1357), ambrain, 
oastorin, (i^o., must also be included, and that 
the oholesterins will ultimately be found to be 
divisible into two homolegous groups, doxtro- 
and Issvo-rotatery. For the latest discussion on 
this point, v. Reinitzer (if. 9). G. M. 

OHOLESTBOPHANE v. Di-methyhPasuiSAJHiQ 

kQU>. 

CHOLIC ACID i.e. 

0„H„(CH.OH)(OH,.OH)aOb,H (?). Oholalio 


acid. [195®]. S. (of anhydrous crystals) 139 
at 100®; -025 at 15®. 

Formation. — By the hydrolytic action of 
alkalis on glycocholio and taurooholio acids, 
which occur in the bile (Demarejay, A. Ch. [2] 
67, I7J ; Theyer a. Schlbsser, A. 48, 77 ; 60, 
235 ; Strecker, A. 65, 9 ; 67, 1 ; 70, 161, 166). 

Preparation. — Glycocholio acid (50 grms.) is 
boiled for 16 hours with water (6 litres) and 
baryta (200 grms.). The liquid is filtered hot 
and, when cold, HOI added. A sandy pp. of 
cholic acid falls. Crystallised from alcohol. 
The yield is 80 p.o. (Hartmann, J, pgr. [2] 19, 
307 ; cf. Tappeiner, A. 194, 213). ^ 

Properties —Crystallises from hot water in 
anhydrous microscopic crystals, from cold solu- 
tions, e.g. very dilute acetic acid, in trimetric 
tables (containing aq). The acid combines with 
methyl-, ethyl-, propyl-, and ethylene-alcohols 
and with mustard oils, but not with acetone. 
The hydrated and anhydrous acid and its 
various alcoholates all crystallise in the tri- 
metric system, the axis-ratio ax remains con- 
stant whilst 6:c varies in the diSerent alcoho- 
lates. Gives a blood-red colour with cane sugar 
and H2SO4 (Pettenkofer’s test, v. Bilb). 

Reactions. — 1. By gentle oxidation with 
acetic acid and CrO, it yields dehydrocholic 
acid C24 Hs, 05, probably CjoH,, (CO) (CH 0)2C02II; 
by more vigorous oxidation with KaCr^O; and 
H2SO4, bilianio acid C24HJ4O9 is formed (but no 
oholanic acid) {cf. Destrem, 0. R. 87,880; C16ve, 
C. R. 91, 1073).— 2. By putrefactive fermenta- 
tion it is reduced to desoxycholic acid C24H,„04. 
The latter acid probably accompanies cholic 
and choleic acids in saponified ox-gall. — 8. Com- 
bines with iodine and HI or other metallic 
iodides to form unstable blue compounds 
(A'H)4Ml5 which greatly resemble iodide of 
starch in properties.— (A'H) ,HIj xaq : formed by 
adding iodine and HI to an alcohol io solution of 
cholic acid.— (A'H) 4Kl5«aq: formed by adding 
iodine and KI to an alcoholic solution of cholic 
acid. Small bronzy needles, which suspended 
in water form an indigo-blue liquid. Readily 
decomposed into its constituents by heat, ^reat 
dilution with water, alkalis, &o.— (A'^H^.Balio.xaq: 
like the preceding compounds (Mylius, B. 20, 
683). , 

Mono-acetyl derivative C,4Hs,(0Ac)04 : 
formed by passing HCl gas through an acetic 
acid solution of cholic acid. Amorphous powder. 
V. e. sol. alcohol, ether, bepzene, &c. 

Di-acetyl derivative C24Hts(0Ac)208 ; 
formed by allowing cholib acid to stand with 
cold acetic anhydride till it dissolves. White 
granular crystalline powder. V. sol. alcohol, 
ether, benzene, Ac., insol. water. Bitter taste, 
its Ba salt is insol. water (Latschinoff, Bl. [2] 
33, 297 ; B. 18, 30^ ; 20, 1043 ; Mylius, B. 19, 
869, 2000;* 20, 1968). Schotten {H. 11, 268) 
denies the existence of acetyl derivatives of 
cholic acid. 

Amide O34H39O4.NH2. Formed by heating 
the acid with alcoholic NHj at 250®. Small, 
crystals- (containing 3aq). SI. sol. water. The 
hydrated compound melts at [125®-180®]. The 
anhydrous compound melts slowly from [130°- 
140®], again solidifies at about 180® to a colour- 
less crystalline mass, which again melts at 
[c. 223®.^; if this crystalline mass is oiystftllised 
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from f^oohol, nothing is obtained but the ordi- 
nary amide. 

Dimethyl-amide Osil^O^.NMe^ [171°]« 
Formed by heating the acid with aqueous di- 
methylamine at 250°. 

Anhydridee , — ^By heating oholio aoid under 
various conditions mixtures of various anhy- 
drides have been obtained^ none of which have 
been isolated in a pure state (MyliuSi B. 20, 
1968). 

EthyletherOnB.^'EiOy [147°]. 

Premration . — Cholic acid (20 pts.) is dis- 
solved in dilute (90 p.o.) alcohol (140 pts.) and 
the solu|ion saturated, in the cold, with dry 
HOI. An equal volume of alcohol is at once 
added and every 100 o.o. of the liquid poured in 
a thin stream into a litre of water. After a few 
days, needles of the ether appear (Tappeiner ; 
Hartmann). 

j^hydrooholio acid probably 

0»H,^00)(CH0 )jC 02H. [232°] (M.). [228° un- 
cor.] (L.). Formed by slowly |ading a 10 p.c. 
solution of OrOg (9 pts.) in acetic acid, to a 10 p.o. 
solution of oholio acid (10 pts.) in acetic acid. 
Anhydrous needles. By further oxidation with 
EgOrgO, and HgSO^ it is converted into bilianic 
acid OggHggO, i.«. 0„H,,(00)2(00jH),. It does 
not give Pettenkofer’s bile reaction. 

2*ri-oa:tw 024 Hj 4(N0H),02 : formed by the 
action of a cold solution of hydroxylanaine upon 
sodium dehydrooholate. Colourless microscopic 
tables. SI. sol. hot alcohol, nearly insol. water 
and ether. Stable in alkaline solution, but 
resolv^ into its components by acids (Latschi- 
nofl. B. 18, 8046; MyUus, B. 19, 2005; 20, 


197^. 

Phenyl - mercaptide 024H,404(SC.,nj)2 : 
[c. 220°] ; colourless glistening needles ; si. sol. 
water. Formed by passing HCl through a cold 
solution of the acid in phenyl-mercaptan. The 
sodium salt forms fine needles, insol. water. 

Phenyl-mercaptide-phenyl-hy dr azide 
Og,H„(SCgH,)2(N2HaH*)2COjtH ; separates in 
colourless needles on warming an acetic acid 
solution of the phenyl-mercaptide with phenyl- 
hyd&ine (Mylius, B. 20, 1979). 

Besozy-cholic acid (probably identical with 
the so-called * hydrated choleic acid ’ of Latschi- 
noff) 0 g 4 H 4 , 04 (M.) or l|aq (L.). [135°- 

140^ (L.) ; [160®-170°] (M.). Large dimetric 
crystals, o:ow - 1;1;2*4828 (L.). White needles, 
V. sol. alcohol, si. sol. acetic acid (M.). Occurs, 
together with oholio and choleic acids, in sapo- 
nified ox-gall (L.). Formed by putrefactive 
fermentation of cholib acid (M.). According to 
L. it is formed in small quantity by boiling 
choleic acid with acetic acid, but M. was unable 
to effect this conversion. By gentle oxidatio% 
with CrO, and acetic acid it is converted into 
dehydrooholeio acid ; by moj^ vigorous oxidation 
with KgCr,0, and H 2 SO 4 into cholanio acid (L.) 
(Latschinofl, B. 18, 3041 ; 20, 1043 ; Mylius, B, 
19, 876; 20, 1968). 

' The observations marked ^.) refer to Lat- 
sdhinoff’s hydrated choleic acid, ihose marked 
(M.) relate to the desoxycholic acid of Mylius. 

OHOLIKE V. Nsubink. 


CHOLOlBANIC ACID QJSmO,, Le. 
C«HttO(CO,H), (?). Cholecamphoric acid. S. 
*016 at 18°; '18 at 100°. Wd 67° 66'. Formed, 
toi^Btber with pseudo-oholcri^anio acid, by boil- 


ing cholanio acid (1 g.) with HNOg (80 o.e. of 
S.G. 1*28) for several hours. Formed also by 
the action of HNO, on bile ^heyer a. SchlSsser, 
A. 60, 243) or Iholio acid (Redtenbacher, A. 67, 
145; Tappeiner, A. 194, 239 ; 016ve, 91. [2] 38, 
135). • 

Salts . — A’^Agj 4aq : gelatinous pp. — A’jPbj : 
amorphous pp. — A'^gBa^ 20aq : thick prismatic 
crystals, S. (at 18°) about 20 (Latsohinoff, B. 
13, 1052; 19, 1621). 

Pseitffo-chok'idanic acidOjoH^,02,(?). Formed, 
together with choloidanio aci^ by boiling cho- 
lanio acid (1 g.) with HNO, (30 c.o. of S.G. 1-28) 
for several hours. Microscopic needles. 

Salts. — A'‘“H4Ba2 20aq;, flat needles. — 
A’^“'Ag„ : amorphous pp. 

Ethyl derivative CsoH7o(C2H5)402,: [247°]. 
Obtained by the action of Etl upon the lead 
salt. Needles. V. sol. alcohol, less in ether.— 
C5oHg6Et402,Ba2 2aq : prisms. • 

Methyl ‘derivative >‘C4oH,o(CHj)402, l 
[194°-19()°] ; needles. • 

Neutral methyl ether 05uHgg(CH8)a02, : 
[128°]. Obtained by the action of ethyl iodide 
upon the silver salt. Flat needles (from alcohol) 
(Latschinoff, B. 19, 1521 ; cf. Cl^ve, Bl. [2] 38, 
135). 

CHON DEIN V . Protkids, appendix G. 

GHEO MATES, Salts ofmGhromic Acid; 9 
Chromium, acids op, p. 164. 

CHEOME ALUM 

Cr23S04.K3[or(NH4)2]S04.24H20 v. Alums, also 
Sulphates of Chromium under Sulphates. 

CHEOMIC AOIB HgOrO, ; v. Chromium, 
ACIDS op, p. 154. 

CHEOMIC ANHYDEIDE CrO,; v. Chromium, 
OXIDES OP, p. 164. 

CHROMITES, Salts of the form MO.CrgO,; 
V . Chromium, acids op, p. 158. 

CHROMIUM Cr. At.* w. 52 45. Mol. w. 
unknown. [Above M. P. of Pt which is about 
2500°] (Deville, A.Ch. [3] 46, 182). S.G. 6*5-f)-8 
(Wdhler, A. Ilk, 230 ; Loughlin, Am. S. [2] 
45, 131 ; Rammelsberg, Handbuch d. krystah 
log. u. physikal. Chemie, part 1 [1881]). S.H. 
(22°-60°) *0998 (uncertain) (Kopp, T. 165, 71). 
S.V.S. about 7*8. 

Occurrence. — Never free : chiefly as oxide in 
combination with FeO as chrome-ironstone, 
FeO.CrgO,, with CrgO, more or less replaced by 
Fe-^Oj, and Al.^O,, and FeO by MgO. Also as basic 
chromate of lead, as chromic oxide, cfcc. The 
ores of Cr are not very widely distributed. Chro- 
mium was discovered by Vauquelin in 1797 ; 
the name was give^ ( xp^A**) because of the num- 
ber of gomp^unds of different colours obtained 
from the metal. • 

Prcjparafion..— Chrome ironstone is separated 
from gangue, ^dnely powdere&, washed, mixed 
with CaO and KHO, ^ied at 160°, and heated 
to bright redness in contact with air, the mass 
being constantly stirred; after cooling, the 
I KjCrO, formed is dissolved out in a little warm 
HjO, enough cono. HgSO. to convert all the 
K2Cr04 into K2Cr20, <8 added, and the KgCrgO, 
which separates is re-orystallisecWrom hot HgO. 
The KgCrjO, is heated with S, or starch, or 
NH4CI, and the product washed with H2O, in 
which the Cr-P, formed remains undissolved 
(u. Chromic oxidx, p. 164). CrgO, is then mixed 
with rather less charco^ than is theoretically 
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f«qiiired tot complete redaction»&nd heated to a 
tery high temperature in a lime oruoible. Or, 
0r,0, is mixed with charcoal, and heated in 01 
whereby OrOl, (aey-) is obtbinedf the CrOlj is 
then healed to bright redness, and H carrying 
with it Na vapour is passed over it; monometrio 
crystals of Or are thus obtained (Fremy, 0. R. 
44, 632). Wohler (A. Ill, 230) mixes 1 part 
violet CrCl, with 2 parts of a fused and powdered 
mixture of 7 parts NaCl and 9 parts ECl, presses 
the mixture firmly into a cruoiUe, and places 
2 parts granulated Zn over it, and more NaOl 
and KOI over this again; he gradually heats 
until the mass is melted. As soon as the Zn boils, 
and the flam! of burning Zn is seen on removing 
the oruoible, the temperature is decreased, and 
the mass is kept just melted for 10 minutes. 
The whole is then allowed to cool, the crucible 
being shaken once or twice ; the oruoible is 
br^en, the zinc regulus dissolved in dilute 
HNOjAq, the metollio Cr then boiled on6e with 
HNOjAq, washed; and dried. Zettnow prepares 
CrCl, solution by reducing K^CrjO, in HClAq by 
O^H^O, adds KCl, evaporates to dryness, and re- 
duces by Zn as already described (P. 143, 477). 
According to Bunsen (P. 91, 619) Cr may be ob- 
tained in lustrous plates by electrolysing an acid 
solution of CrCl.^ containing CrClg. Vincent 
(P. M. [4] 24, 328)eand Boussin (J, PL [4] 8, 
413) form an amalgam of Or, by acting on solu- 
tion of a chromic salt by Na amalgam, and heat 
this in H or vapour of rock-oil. 

Properties. —Descriptions of properties of Or 
vary considerably. The metal obtained by re- 
ducing CrClj by Na vapour, or by reducing 
Cr^Og by 0, is described (Fremy, C. JR . 44, 632) 
as unchanged by heating in air, in aqua regia or 
HFAq, or by fusing with KOH or KNO,. The 
metal obtained by electrolysis (Bunsen, P. 91, 
619), or by reducing tlrCl, by Zn (WQhler, A, 
111, 230), is oxidised by molten KNOg or KC10„ 
and is dissolved in hot dilute HClAq or HijSO^Aq. 
Berzelius (A. 49, 247) supposed that Cr existed in 
two distinct forms. The metal insoluble in aqua 
regia probably contained Si derived from the 
vessels. According to Bunsen and Wohler, Cris 
a greyish-white powder, consisting of small, lus- 
trous, very hard, brittle, rhombohedral crystals 
(dimetric ootahedra, Bolley, C. J. 13, 333) ; only 
superficially oxidised, unless in very fine powder, 
by heating in air; slowly oxidised by heating 
to redness in steam ; burns brightly when heated 
in an alcohol flame fed with 0; oxidised by 
molten KCIO, or KNO„ but not by molten 
NajCO,; dilute HClAq, or hqj dilute H^SO^Aq, 
dissolves it readily with evolution of JH; F#arcely 
acted on by hot cone. H^IOgAq ; burns in Cl gas 
forming violet CrCl,. Cr is less fusible than Pt 
(Deville, A. <9h. [S(] 40, 182). It if not magnetic 
iW6hler, A. Ill, 230) ; slightly magnetic (Fara- 
day). • 

The atomic weight of Cr has been determined 
(1) by analysing and determining V.D. of CrO,Cl, 
and CrCl,; (2) by measuring the S.H. of Cr; 
(8) by analyses, and oompafison with other analo- 
gous oompoundi, of CrCl, (P61igot, A. Gh. [8] 12, 
630) ; Ag,CrO,Ind Ag,Cr,0, (Berlin, A. 66, 207) ; 
Cr,(NHX(S0,),.24H,0 fMoberg, J.;w.48, 114); 
CrCl, (Siewert, 1861. 241) ; by synthesis of 
BaCrO, from BaCl, (Wildenstein, J, or. 69, 27) ; 
Iqr oxidising FeCVLq by E^CrgO, and by KC10„ 


and by oxidising As^OgAq by EjCrjO, (Kessler, 
P. 96, 210) ; (4) by comparing chromates with 
isomorphouB manganates and tellurates. The 
atom of Cr is trivalent in the gaseous molecule 
CrCl, (Scott, Pr. E. 14, 410) (v. Chbomium hkxa- 
FLUoaisE, under Chromium, rnuoRinss or, p. 162). 

Chromium is both metallic and non-me- 
tallio; Cr replaces the H of most acids form- 
ing two series of salts, the simplest formulas for 
which are CrX, and CrX„ respectively, where 

X= 01, <&o., NO, Ac., ?2 !Ao., Ac.; the 
2 8 

ohromous salts, OrX,, are very unstable, and are 
easily oxidised to chromic salts, CrX^ Many 
basic chromic salts are known. The oxide CrjO, 
is basic towards acids, and at the same time ex- 
hibits feebly acidic properties ; CrO, seems to be 
a neutral oxide Und not to form salts either by 
the action of acids or alkalis ; CrO, is distinctly 
an anhydride. CrO,Aq behaves as a dibasic acid, 
forming a series of salts MjCrO,, the acid HjCrO, 
has also been r4>tained. Although no salts of 
the form MHCrO, are known as definite solids, 
yet the thermal reactions of CrO,Aq point to the 
formation of these salts ; thus {Th. 1, 254) 
n [CrO^Aq, n NaOHAq] 

1 13,134 

2 24,720 

4 26,164. 

By the action of acids on M^CrO^, dichromates, 
MjCr^O,, are formed : a few tri- and tetra- chro- 
mates, M^CrjOio and MjCr^O,,, are known. CrO, 
also reacts with strong acids to form chromic 
salts and 0 ; it combines directly with a few an- 
hydrides, e.g. with SO,. Chromic oxide, CijO,, 
reacts towards acids as a salt-forming oxide, but 
at the same time it combines with some of the 
more positive metallic oxides, e.g. with CaO, 
MnO, ZnO. Several hydroxides of Cr, or perhaps 
rather hydrated oxides, are known, derived from 
the oxide CrjO,, and the lower oxide CrO which 
has not itself been obtained free from Cr,0, ; 
these hydrates are salt-forming in their reactions 
with acids. The pps. produced by adding 
KOHAq or NaOHAq to solutions of chromic 
salts always contain potash or soda which can- 
not be removed by washing with hot water, 
CijS, exhibits slight jalt-forraing properties in 
its reactions towards sulphides of more positive 
metals ; no hydrosulphide of Cr is known. Chro- 
mium is closely related to Mo, W, and U ; less 
closely to S, Se, and Te ; it also shows distinct 
relations to Al, Mn, and Fe (r. Chromitbb; 
Chromium group of blbmbnts ; also Chromium, 
SALTS OF ; Chromates ; and the arts, on Hydboz* 
ides, Oxidbs, Chlorides, Ac. of Chromium). 

• Reactions . — 1. Decomposes steam at bright 
red heat. — 2. Dissolves in hydrochloric and ml- 

f hurio acidSf formiqg salts and H. — 3. Oxidised 
y molion potassium nitrate or chlorate.—^. 
Bums when heated in chlorine, forming CrCl,* 
6. Is oxidised by strongly heating in oxygen.^6. 
Forms CrN by heating in nitrogen, and Cr,S, by 
heating with milphur. 

Oombinations.—Moetot the compounds of Cr 
are obtained directly or indirectly from the oxides. 
The metal combines .directly with Cl, N, 0, and 
S. Compounds of Cr with each of the non- 
metals, except H, B, Si, and Te, are known; 
alloye with Al, Fe, and Hg, have been prepared 
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(r. the various binary compounds of Cr, also 

OHaOHIUM, ALLOYS OV). 

Estimation. — Ohromium may be estimated 
in the form of oxide OrjO,, after ppn. by 
NHgAq from a warm solution. Chromates are 
usually estimated as BaCrOg, or they jaay be 
ppd. by HgNOjAq, and the HgjCrO^ heated 
until only CrjO, remains ; or the chromate may 
be reduced, by alcohol, to a chromic salt, and 
the Cr determined by ppn. with NHjAq Ac. Cr 
may be separated from many heavy metals by 
ppg. these metals as sulphides, by ; Ba and 
Sr are best separated by ppn. with H^S04Aq; 
separati^ from Ca, Mg, and Fe, is effected by 
ppg. Cr3bj.xH20 by NHjAq, collecting, drying, 
and fusing with KNO, and KoCOg until all the 
Cr exists as E^CrOg, dissolving in water and 
ppg. as Hg2Cr04 or BaCrO^. If# alumina is pre- 
sent, it is ppd. from the solution containing 
KjCrO^ by digesting with ammonium carbonate. 
Cr.Da£cH,20 is ppd. by digesting solutions of 
chromic salts wito excess of BaCOg ; under the | 
same conditions salts of Ni, Co,Mn, and Zn, are 
not ppd. 

Ghromiom, acids of, and their salts (comp, 
arts. Acids; Acids, basicity of; Hyukoxides), 
Chromic acid R^CrOg is said to have been ob- 
tained in definite form, by the action of HD 
on the anhydride CrOg {v. infra, Chuouic acid). 
This acid forms a series of chromates, MgCrO^, 
isomorphous with M^SO^. RjCrO^Aq reacts as 
a dibasic acid (v. infra, Cheomic acid); no 
salts of the form MHCrO„ but only the salts i 
M,OrO^, have been obtained by neutralising 
the acid by alkalis ; when acids react with j 
chromates of monovalent metals M^CrO^, two | 
formula-weights of the chromate usually re- I 
act with one fonnula-weight of a dibasic acid j 
{e.g. H2SO4), half of M is removed, and a di- i 
chromate, MjCr.gO,— similar to the disulphates S 
M.2S2O7 — is produced. Several trichromates ^ 
MjCrgO,,, and tetrachromates MgCrgO,,, are also ! 
known ; these salts are probably best regarded ! 
as derived from MjCrjO, and MXrO^, and from 1 
2MfiT20„ respectively, by the removal of half 
the fotal M and condensation of the residues. | 
The following formulas express this view of 
the constitution of the di-, tri-, and tetra-, 
chromates : • 

(1) Chromic acid, CtO^{OB.)2\ 

( 2 ) Chromates, Cr02(0M)j ; 

3 ) Dichromates, OM.CrOj.O.CrOj.OM ; 

: 4 » Trichromates, 0iy[.Cr03.0.Cr02,0.Cr02.0M ; 

5 ) Tetrachromates, 

OM.CrO,.O.Cr02.0.CrOa.O.Cr02.0M. 

These various series of salts may also be regarded 
as direct compounds of metallic oxide with CrO, 
(MgO.CrO,; M20.2Cr0,; M^O.aCrO,; M20.4Cr0g)J 
Besides these salts, several basic chromates are 
known (v. infra). Chromic^acid, !^Cr04, being 
dibasic, and forming M2Cir04 anafogous with 
MjS 04, is probably a dihydroxyl acid, CrOj(OH) ,. 
If this is so we should expect that each OH 
would be replaceable by Cl ; the first compound 
thus produced, OrOg.C 1 . 0 H, ought^to be a mono- 
basic acid (analogous with SO3.Gl.OH); this 
compound is not itself known, but several 
salts derived from it have been prepared, e.g. 
CrO2.Cl.OE («. infra, under Chromates). Fluo~, 
bromo; and iodo-, chromate, Cr02.X.0M (where 
X « F, dOn ftQd M n alkali metal), are also uown. | 


Salts of the hypothetical amido chromic acid 
(CrO2.NH3.OM) are known; and it is probable 
th&t nitro-deHvatives of EjCu^O, and EaCtjOjo, re- 
spectively, ha'Aj been obtained^iz. Cr2Oj.NO2.OE 
and CrgOg.NOj.OK {v. Potassium dmhromate, 
under Diohromatea). Cr.^Og reacts towards acids 
as a salt-forming or positive oxiem ; no acid 
corresponding to this oxide is known; the oxide 
is itself insoluble in HjO. Salts MO.CrjOg, 
where M = Zn, Mn, Fe, &c., have, however, been 
prepared, by filing MO and Cr^O, with B.^Og, Ac. ; 
these may be regarded as derivatives of the hypo- 
thetical chromous acid H2CrD4 {v. Chromites, 
p. 16 ^. The sulphide Cr^Sg, corresponding 
to CrjOg, also reacts as a f^eblj* salt-forming 
compound towards more positive sulphides (u. 

ClIEOMIUM, THIOAOID OF, p. 168). 

Cheomio ACID H2Cr04. Said to be obtained 
as small red crystals by adding a little H.,0 to 
excess of pure CrO(, keeping the solution Jor 
some hours at 90^^, decanting and cooling to 0^^ 
(Moissan, A. Ch. [G] 6, 668). But Miss Field has 
shown that the crystals thus obtained are CrO, ; 
the solution, however, probably contains H2Cr04 
and HjCrjO, (0. J. 61, 405 [1892]). The 
thermal values of the reaction between NaOHAq 
and H2Cr04Aq show that this acid is dibasic; 
salts of the form MHCr04 appear not to exist as 
solids ; if enough alkali added to saturate 
half the H2Cr04 in solution, and the liquid is 
evaporated, the salt M^Cr.p, is obtained - pro- 
bably 2MHCr04 is formed and decomposed to 
MjCr-D, and II^O. If H2Cr04Aq is added to 
solution of M2Cr04, M2CrPT is obtained on 
evaporation. The thermal data {Th. 1, 255) 
show (1) the dibasicity of the acid, and (2) the 
action of excess of acid on the normal salts : 
the corresponding data for H,S04Aq are given ; 
addition of H2B04Aq to K2S04Aq produces 
EHSO^Aq - • 

n [nNaOHAq, CrO*Aq] m [wiCrO'*Aq,2NaOHAq] 

1 13,1:34 ^ 12,582 

2 24,720 . 1 24,720 

4 25,164 2 26,268 

n [?iNaOHAq, SO"Aq] m [wSCAq, 2NaOHAq] 

1 14,754 i 16,689 

2 31,378 1 31,378 

4 31,368 2 29,608 

Chromates. {Di-, tri-, tetra-, chromates.) 
M2Cr04or M"Cr04; also basic and double salts. 
Chromates are mostly yellow or red ; the salts 
of the alkali metals, and of Ca, Mg, and Sr, are 
e. sol. water, the others are generally insol. or 
b 1 . sol. They are formed by the action of bases 
on H2Cr04Aq; by fusing Cr^Oj with alkali in 
preserjpe of air;*or by double decomposition 
from the ‘alkali saltg. Neutral MjCrO.Aq 
(M = alkali metal) goes red on addition of a 
mineral acid from formation*of SljCrjOiAq, on 
adding alkali the yellow colour returns. Chro- 
mates are easily reduced to CtjO, ^ salts of this 
oxide; e.g. boiling HCLAq produces CrOlgAq, 
and chloride of the metal, H2S04Aq produces 
Cr.23S04Aq. Chromates of the less positive 
metals give CrgO, wh%n strongly heated ; MjCtjO, 
(M = 8dkali metal) give CrjO,, Q, and M30r04# 
Insoluble chromates yield alkali chromates by 
fusion with EOH or NaOH. Heated with NaCl 
and cone. H2SO4, chromates give CrOjGlj- Solu- 
tions of chromates have a metaUic taste, and are 
poisonous. 
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Aluminium ehromaU. — The basic salt 
Al,3Cr04.2/aj0,-21H20( = AlA-Cr0*.7H20) is a 
flocculent yellow pp. obtained by adding KjCr04Aq 
to alum solution, tor by evaporating A1,408-5®H20 
in Cr03A^{Fairrie, C. 4, 300 ; Mans, P. 11, 81 ; 
Elliot a. Starer, P. Am. A. 6, 192). 

Ammonium chromate. — (NH4]2Cr04. Citron- 
yellow needles ; e. sol. water ; gives off NHj in 
air; on heating leaves CrgOj. Obtained by 
slowly adding CrO^Clj to excess of NHgAq, and 
evaporating below 60° ; alsil by BaCr04 
+ (NH4)2S04Aq, and by CrOsAq + NH^Aq (Darly, 
A. 66, 2041) (v. Di-, Tri-, and Hexa-chromates). 

Barium chromate BaCr04. Yellow, crys- 
talline powder ; obtained by K2Cr04Aq + BaClAq ; 
S.G. 8-9 ; also by fusing 1 pt. K^CrO^ with 1 pt. 
Na2Cr04 and 2 pts. BaClj, and cooling slowly ; 
S.G. 4-6 (Bourgeois, Bl. [2] 31, 243). Insol. 
HjO; sol. HClAq, or HNO^Aq, and reppd. by 
NHgA-q* Decomposed by alkali carbonates and 
sulphates (Rose, f. 95, 426) (u. Dichromatcs). 

Beryllium chromate. -Basic salt 
BeCr04.13Be0.23H.,0 ; yellow pp., insol. H^O 
(Creuzburg, D. P.J. 163, 449). 

Bismuth chromates (Lowe, J.pr. 67, 288 a. 
463 ; Pearson, P. M. [4] 11, 20-1 ; Pattison Muir, 
G. J. [2] 15, 12; [2] 16, 24 a. 615). Normal 
chromate, Bi^SCrO,, has not been prepared. 
The following btfsic salts are known : — 
2(Bi23Cr0„).7Bi20„ by ppg. BiaNO^ in small- 
est excess of HNO^Aq by K.CrO^Aq ; 
2(Bi23Cr04).Bi203, by ppg. a more acid solu- 
tion of BiSNOg in HNO^Aq by K^CrO^Aq; 
Bi23Cr04).2BiPg, by boiling the preceding 
salt with dilute HNOaAq or wth alkali; 
3(BL3Cr04).Bij0„ by prolonged heating 
2(Bi23Cr04).Bi,.03 with dilute HNO^Aq ; 
7(Bi.,3Cr04).2BLj03, by treating (Bi28Cr04).2Bi20, 
first with cone., then with dilute, HNO,,Aq. These 
salts are all yellow to red, heavy, crystalline 
powders; in»ol. water, and slowly decomposed 
bythot acids {v. also Dichromates). 

Cadmium chromate. — Basid salt 
CdCrO..CdO.H30 ; by reaction of CdSO^Aq with 
large excess of KjCrO^Aq (Freese, B. 2, 476; 
Sarzeau a. Malaguti, A. Ch. [3] 9, 431). 

Calcium chromate CaCr04.2H20 ; by dissolv- 
ing CaCOg in CrOgAq and evaporating. Yellow 
prisms ; S. (14°) -41 ; insoluble in alcohol ; loses 
its H2O at 200° (Siewert, Z, /. d, g. Naturwiss. 
19, 11) (v. Dichromates). 

Cerium chromate Ce(CrO,)a; yellow powder, 
by dissolving Ce(OrO,)2 in CrOsAq and evaporat- 
ing (Beringer, A. 42. 143). 

Chromium chromate (Cr2JfCr04).2Cr2(^. This 
name and composition js somotimeS assigned to 
CrOg (v. Chbomium dioxxdb under CnaoMiuif, 
OXIDBS OF, p* 1641) s 

Cobalt c?wowates.— Basic oobaltous salt 
CoCrO4.Co0)iH2O (Freese, B. 2, 476) ; 

CoCrO4.2CoO.4AO (Sarzeau a. Malaguti, A. Gh. 
[3] 9, 431). Clear red-brown pp. by 

Co2NO,Aq -i- K2Cr04Aq. Cobaltio chromate 
Co.,8CrO, is known in c»mbination with NH, 
and NH4C1*|^ the salts (Co23CrO4).10NH„ 
(Co28Cr04).12NA6HA and , ^ . 

lCo33Cr04).2NA-2NH401, are desenbed by 
Braun (i. 126, 168 a. 197), Gibbs a. Genth {A. 
104, 160 a. 296), and Gibbs {B. 4, 790) {v, also 
Chbomium, ammonio-salts of). 


Copper chromates. — Basic salta: 
CuCrO4.2CuO.2H2O, yellowish-brown pp., by 
K2Cr04Aq + CuS04Aq, and by 
CuS04Aq -f- KjCrjOjAq and adding enough KOH 
to produce K2Cr04Aq (Freese, P. 140, 87 ; Rosen- 
feld, B 13, 1469). Loses its HgO at 260° and 
takes it up again in moist air. Two salts, 
2(CuCr04).6Cu0.6H20, and CuCrO4.6CuO.6H2O, 
are described by Rosenfeld fi.c.) ; obtained by 
adding CuS04Aq to KjCraOjAq with excess of 
KOHAq. The salt CuCrO4.2CuO.2AO dissolves 
in NHgAq at 0° ; dark-green crystals of 
2(CuCrO4)CuO.10NH3.2AO separate (Sarzeau 
a. Malaguti, A. Ch. [3] 9, 431 ; Viefhqus, J. pr. 
88, 431 ; Slater, J. pr. 60, 247) (v. also Potas- 
sium chromate). 

Iron chromate. — Basic ferric salt 
(Fe23Cr04).2Fe A ; brown pp. by K2Cr04Aq 
acting on iron-alum solution ; decomposed by 
H2O to FejOj and CrOjAq. An acid salt, 
Feo3Cr04.Cr03, is said to be formed by digesting 
CrOgAq with FejOgHg, and evaporating (Klet- 
zinsky, D. P. J. 207, 83 ; EUiot a. Storer, P. 
Am. A. 5, 192). 

Lead chromate PbCr04. Occurs native as 
red-lead ore, in yellow, translucent, monoolinic 
prisms, S.G. 6*2 to 6*1. Obtained as yellow pp. 
by K2Cr04Aq or KjCr.OjAq acting on neutral so- 
lution of a Pb salt; a*lso in crystals by strongly 
heating ACr04 with PbClj, S.G. of crystals 6*12 
(Manross, A. 82, 348; Drevormann, A. 87, 12(B. 
S.H. *09 (Kopp, A. Suppl. 8, 1). Insol. in A^, 
sol. in HN OjAq or KOHAq ; molts without change, 
but at higher temperature gives 0, Cr.^Oj, and a 
basic salt (PbCr04.PbO). Acts as an oxidiser, 
hence used in organic analysis {v. Vohl, A. 106, 


127). , , 

Basic salt PbCrO,.rbO; red crystals, ob- 
tained by throwing PbCrO, in small quantities 
into molten KNO,, cooling somewhat, pouring oS 
still liquid part, and quickly washing residue with 
AO ; also by digesting PbCrO, with cold KOHAq, 
or with hot K.,Cr04Aq. Insol. in HgO ; sol. in 
KOHAq; acids withdraw PbO (W6hler a. Liebig, 
P. 21, 680). Another basic salt, 2(PbCrO4)Pb0, 
occurs native as Melamchro^tey and is said to be 
formed by diffusing K2Cr04Aq and PbaNOgAq 
(Drevermann, A. 87, 120). Lead chromates are 
used as pigments. * * ^ 

Lithium chromate LigCrOg.A^i trime- 
trio crystals, easily sol. in HjO. A double salt, 
Li.NH4.CrO4.2H2O, is obtained by saturating 
Li^CrgOjAq with NH,,Aq ^Rammelsberg, B. B. 
1865. 629) (u. Dichromates). 

Magnesium chromate MgCr04.7H20. Citron- 
yellow soluble crystals; isomorphous with 
MgS04.7H20 ; S.G. 1’66-1*76 ; by dissolving MgO 
in CrOsAq and evaporating (Kopp, A. 42, lOO ; 
Grailioh, W. B. 27, 174). rt-rr 

The double sallLMgCr04.NH4Cr046H20 crys- 
tallises fr8m a solution of its constituents ; 
yellow monoolinic crystals, isomorphous with 
corresponding double sulphates (Graihch, 2«c.)« 
V. also Potassium chromate. 

Manganeaechromate.— Brno manganous salt ; 
MnCrO4.MnO.2H2O, brown pp. by reaction of 
boiling MnS04Aq and KjCr04Aq (Fairrie, C. J. 
4 , 800 ; Freese, P. 140, 87 ; Warington,, P. M. 
[8] 21, 880 ; Beinsch, P. 66, 97). 

Mercury chromates. — Mercurous onromate 
Hg,0r^4t red crystalline powder; by reaction of 
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lgNO,\q andK^OrOfAq ot (H.B 086 , 

P. 53, 134; ¥teie, 2. [3] 6, 80). Decomposed 
by beat to Hg, 0, and CtjO, parly, A. 66 , 204 ; 
Freese, P. 140, 87). By action of alkalis a black 
basic salt, Hg 2 Gr 04 . 2 Hg 20 , is obtained (Richtor, 
P. 16, 1489). 4 . 

Meronrio chromate HgOrO^ ; dark, garnet-red, 
trimetrio prisms ; obtained bv evaporating equal 
parts of yellow HgO and CrO, in HjO. Decom- 
posed by H,0 to CrOjAq and HgCr 04 . 2 Hg 0 . 
Decomposed by acids (Geuther, A. lOG, 247 ; 
Millon, A, Ch. [8] 18, 866). 

The basic s^t HgCr 04 . 2 HgO is a brick-red 
powder, obtained by boiling HgO with K.^CrO^Aq, 
or by reaction of Hg2NO,Aq and KgCraOjAq 
(Millon. .4. €h. [8] 18, 866; Freese, 2. [2] 6, 
80). 

A doable salt 2 (Hg 0 r 04 ).HgS«i 8 obtained by 
digesting freshly ppd. HgS with solution of 
freshly ppd. HgO in OrO,Aq, and drying at 30‘^ ; 
easily explodes when rubbed (Palm, J. 18G2. 
S21) (o. also Ammonium dichromate). 

Nickel chromate. — Basic salt* 
NiCrO 4 . 2 NiO. 6 HjO; brown pp. by reaction be- 
tween NiS 04 Aq and K^CrO^Aq. Loses its H.p 
above 800® (Freese, P. 140, 87). Other basic 
nickel chromates are described by Schmidt {A. 
166, 19). A double compound, NiCr04.6NH3, is 
obtained in yellow dichroic crystals by addition 
of alcohol to a solution of the basic salt in pre- 
sence of NHaAq ; the crystals lose NH, in the 
air (Schmidt, 2 . 0 .). 

Potassium chromate KjCrO.. S.G. - 2’71, 
8 .H. *189 (Kopp, A. Suppl. 8 , 1). C.E. (O^-lOO") 
•01184 (Joule a. PIayfa&, C.J. 1. 121 ; Schiff, A. 
107, 64). 8 . (0°) 68-9 ; (20®) 62*94 ; (60®) 7102 ; 
( 100 ®) 79 * 1 : Douing-point of saturated solution 
-104*2® (Michel a. Kraft, A. Ch. [3] 41,471; 
Bohiff, A. 108, 826; v. Hauer, J.pr. 103, 114). 
Freezing-point of saturated solution = - 12 *6° 
padorir. P. 122, 887). S.G. ^ 38'44 p.c. solu- 
tion -1*8787; 17*09 p.o. solution = 1*1476; 8*64 
p.0, solution » 1*0708 ; 4*27 p.o. solution = 1*0349 
^iohel a. Kraft, A. Ch. [3] 41, 417 ; Alluard, 
O. P#59, 600). 

Prs|jarafion.-«-l. By heating 6 parts KjCr-.O- 
with 4 parts KNO, or K^CO, until the whole fuses 
qliietly, dissolv^ in water, and crystallising.— 
8 , By neutralising KjCrjOjAq with KjCOg, eva- 
porating and crystallising.— 8 . By fusing Cr.O, 
with KjCOj and KNO„ dissolving in water and 
oryitallising.— 4. By fusing chrome-ironstone 
with KjCOj and CaOjlI,, lixiviating with HjO, 
boiling down, and crystallising. 

Properties . — ^Pale lemon-yellow, double six- 
sided trimetrio pyramids; isomorphous with 
KjSO.. Melts without change. Insol. alcohol. 
Solution in HjO is alkaline, with metallic taste, ^ 
and is poisonous ; on evaporation, this solution 
gives crystals of KjCrjO,, 4nd mother liquor 
gives crystals of KjCH).. 

BeaeUons.^1. Acidst even OOjAq, produce 
KjCTjO. (Schweitzer, N. P. P. 8 , 212 ; Margue- 
ritte, J. pr. 64, 602 ; Mohr, Fr. 1872. 278).-2. 
Beduoed by ^8 or KjSAq, with formation of 
Cr, 02 .a;HjO, and by SOjAq with production of 
0 rj 8 S 04 Ajq. — 8 . With Hd gas, KCl, H.^, and 
KjCtjO, are formed, and then the KjCr^O, is re- 
duced to GrOl, and CrO, (Thomas, 0, J. 83, 871). 

Oonibin4Uion8.-—l. With various chromates to 


form double salts. K,Cr04.(NH4)20r04 crystal- 
lises from oonc. KjCrj,0,Aq saturated with NH, 
(Berthier, A. Ch. [3] 7, 77; Johnson, J.pr. 62, 
261). ^CrOtiuaCr0..2HgO crystallises from 
KjCrjOjAq neutralised by CaO,HjjAq. ^ 

E^Cr04.6Ca0r04 obtained by slo’v^ evapora- 
ting a mixture of CaCl,Aq and KjCrC^Aq (Bahr, 

J. pr. 60, 60 ; Duncan, J. pr. 60, 64 ; Rammela- 
berg, P. 98, 607). K2CrO4.2CuCrO4.CuO.2H2O, 
obtained by reaction between cold CuS04Aq and 
K2Cr04Aq, or by adding KOHAq to mixture of 
KjCr^O^Aq and CuS04Aq (Fresse, P. 140, 87). 
K2Cr04.Fe23Cr04.4B[20, by reaction between 
cone. FejClfiAq and K2Cr04Aq, dissolving 
pp. in HClAq, cooling, and washing rapidly 
with cold HjO (Hengson, B. f2, 1300 a. 1656). 
KCrO4.MgCrO4.2H2O ; by evaporating cone. 
K2Cr20,Aq after neutralising by MgO or MgCO, 
(Hauer, J.pr. 80, 222 ; Schweitzer, A. 64, 276)- 

K. Cr04.2ZnCr04.2Zn0.3H20 ; by prolonged action 
of cold ZnS04Aq on excess of K2Cr04Aq (Free^, 
B. 2, 476 ; Priissen a. Philippona, A. 149, 92). — 
2. With mercuric chloride and cyanide^ to form 
K2Cr04.2HgCl2, and 2K2Cr04.8Hg(CN)2, respec- 
tively (Darly, A. 65, 204 ; Rammelsberg, A. 28, 
217; 84, 281) (0. also Di-, Tri-, and Tetra- 
chromates; also Bromo-, Chloro-, Fluo-, lodo-, 
Chromates). 

Rubidium chromate Rb.Cr04. Yellow tri- 
metrio crystals, isomorphous with K2Cr04 and 
K2SO4 (Piccard, J.pr. 86,449; Grandeau, A. Ch. 
[3] 67, 165). 

Silver chromate AgoCr04. Dark-red crys- 
tals ; by reaction between K CrO^Aq andAgNOsAq, 
or by digesting moist Ag.p with K2Cr04Aq. 
Insol. HjO; sol. acids, NHgAq, and alkali chrom- 
ates ; KOHAq withdraws all CrO,. Under HjO 
is slowly reduced by Zn, Cd, Sn, Ac. (Freese, P. 
140, 87; Fischer, P. 8, 488). Combines with 
NH, to form Ag2Cr04.4NHf ; produced in yellow 
crystals, isomorphous with corresponding sul- 
phate and selenate, by dissolving Ag2Cr04 in hot 
NHjAq and crystallising (Mitboherlich, P. f2, 
141 ; Wohler a. liantenberg, A. 114, 119). 

Sodium chromate Na2CrO4.10H C ; yellow, 
deliquescent crystals, isomorphous with 
Na2SO4.10H2O. Prepared similarly to K2Cr04 
(Johnson, J. pr. 62, 261 ; Kopp, A. 42, 100) (v. 
also DiohromateB). 

Thallium chromate Tl2Cr04. Yellow pp. 
obtained by reaction between K2Cr04Aq and 
neutral solution of a thallous salt (Carstanjen, 
J. pr. 102, 65 a. 129 ; Hebberling, A. 134, 11 ; 
Strecker, A. 135, 207 ; Crookes, C. N. 8, 266) 
(u. also Di-, and Tri-chromates). 

Thorium chromate ThjCr04.8H20 ; crys- 
tallises *oy ^/aporating a solution of IhjO, in 
CrOgAq (Ohydenius, P. 1*19, 43). 

Zinc chromafes.— Various • hasp; salts are 
obtained by tlfe reactions between ZnS04Aq 
and K2Cr04Aq : the most marked seems to be 
ZnCrO4.ZnO.2H2O (Sarzeau a. Malaguti. A. Ch. 
[3] 9, 481 ; Thomson, P. M. 8, 81 ; Priissen a. 
Philippona, A. 149, 92). By dissolving this 
salt in a little NHj^q, and adding alcohol, 
ZnCrO4.4NHg.8H2O is obtained (Sarzeau a. 
Malaguti, l.c. ; Bieler, A. 161, t28) (v. also 
PotasHum chromate). 

Chromates of In (Meyer, A. 150, 187); Mo; 
Sr; Sn (Leykauf, J. pr. 19, 127); U; and Yb 
(Popp, A. 181, 179) seem to exist, but very 
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little is known concerning them, nor have their 
compositions been satisfactorily determined. 

Flue*, Bromo-, Ghloro-, and lodo-ohromates ; 
also Amido-ohromates (v.stfpra banning of this 
art., p. J^4). Slits derived from the hypo- 
thetical acMs, fluochromic CrOj.F.OH, bromo- 
chromic CrDj.Br.OH, &o., and amidochromic 
CrO2.NHa.OH. These acids are not themselves 
known. 

Potasstum fluochromate CrOaJP.OK. Ruby 
red, semitransparent, crystals; efflorescent in 
air; melts when heated; aotson^lass. Prepared 
by heating powdered ^CtaO, in a Pt dish with 
excess of cone. HFAq (Streng, A. 129, 225; 
Heintze, J. §r. [2] 4, 225 ; Varenne, C. R. 89, 
358; 91,389). ' 

Potassium hromochromaU CrOaJBr.OK. 
Dark-brown crystals ; gives up Br in an exsicca- 
tor ; decomposed by H3O. Obtained by satura- 
ting cone. KjCrjOjAq with fuming HBrAq, and 
ci^stallising from HBrAq (Heintze, J.pr. [2] 4, 
225). • 

Potassium chlorochromate CrO 2 .Cl.OK. Ob- 
tained by heating for a short time 3 parts 
KaCrjO, with 4 parts cone. HClAq and a little 
H„0, and cooling; or by adding Cr02Cl2 to 
KClAq, or to K 2 Cr 04 Aq slightly acidified with 
acetic acid : 

K-CraO, + 2HClAfl = 2Cr02.a.0K -f- H20Aq ; 
CrOjCl, + KClAq + H2O = CrOj.Cl.OK + 2HClAq ; 

CrOjCl, + KjCrO^Aq = 2CrO2.Cl.OK + Aq 
{P61igot, A. Ch. 52, 267; Geuther, ^.106, 240)- 
This salt is also produced, along with Cr^O^, 
when violet CrClj reacts with molten KjCr.^O, 
(Geuther, A. 118, 68). Large red prisms; 
S.G.^ 2-497; O.E. (0^-100^) -0159 (Playfair a. 
Joule, G. J. 1, 121). May be crystallised un- 
changed from HjO containing a little acid; 
crystals of K2Cr207 f^parate from an aqueous 
solution. Cl is evolved at 100°, Decomposed 
by cono. HjSO^ with formation of CrOjClj and 
Ci^O«Cl2 {q. r.) ; with NOj gives NOjCl (Heintze, 
J. pr. [2] 4, 211). By reafstion with cono. 
KCNAq, CNCl is formed. By the action of dry 
NH3, salt having the composition KjCr^Os 
(7CrO2.OK.CrO2.OK.CrO2) is formed, along with 
KCl and NH,C1 ; if the chlorochromate is sus- 
pended in (C2H5)20 and NH3 is passed in, crys- 
tals of potassium amidochromate CrO2.NH2.OK 
(q. V.) are formed (Heintze, J.pr. [2] 4, 211). 

Chlorochromates of Na — Cr02.Cl,0Na.2H20 ; 
of NH4— CrO3.Cl.ONH4; of Ca, Sr, Ba, Mg, Ni, 
Co, and Zn~(Cr02.C1.0)2M.xH20 ; have also 
been prepared, by adding Cr02Cl2 to fairly cono. 
solution of the metallic caibonates in CrO,Aq. 
When M = Mg. Ni, Co, or Zn, the saks crfstallise 
with 9H2O; when M^Ca, with SHjO; when 
M =* Sr, witlv4HjO ; and when M = Ba, with HjO 
(P61igot, A. UA 62, 267 ; PrtetorAis, A. 201, 1). 

Potassium iodochromate CrOa.I.OK, Ob- 
tained, as gamet-red, easily decomposed, crystals, 
by gently heating cono. colourless HIAq with 
finely powdered KjCrjO, (Guyot, C. R. 73, 46). 

Potassium amidochromate OrO3.NH2.OK. 
Finely powdered CrOj-ChOK is slowly added to 
water and eth#r (free from alcohol), the liquid is 
simultaneously saturated with NH, ; after stand- 
ing 24 hours, the ether is poured off, the residue 
is gently wanned to get rid of adhering ether, and 
is then treated with water; the liquid is evapo- 


rated at a low temperature, and allowed to eryt- 
tallise. The salt is recrystallised from H,0| 
and the crystals are dried at 100°. Garnet-red , 
unchanged by cold HjO, or cold NaOHAq; de- 
composed by HjO, or NaOHAq, at 100 , giving 
CrO2.OK.ONH4, and CrOj-OK-ONa, respectively; 
decomposed by nitrous acid to K^CrjO^, N, and 
H2O. CrO2.NH2.OK is changed by dry NH, to a 
dark-brown powder, from which HjO removes 
NH4CI and leaves a crystalline salt, Cr,0,(OK)2; 
the corresponding NH4 salt is obtained by acting 
on CrO.Clj dissolved in CHCl, with NH„ and 
reacting with H3O (Heintze, J. pr. [2] 4, 214). 

Dichromates M2Cr,0, and MCrjO,. Most of 
these salts are soluble in water ; many of them 
are decomposed by water. The greater number 
are salts of monovalent metals. They are ob- 
tained by the action of acids on MjCrO,. 

AmmoniumUichromate (NH4)2Cr,0,. Orange 
coloured, monoclinio, crystals ; S.G. 2-367 ; de- 
composed by heat to CrjO,, HjO, and N. Pre- 
pared by neutralising CrO,Aq with NH,Aq, 
adding an equal^quantity of CrO,Aq, and evapo- 
rating (Richmond a. Abel, 0. J. 3, 199 ; Siewert, 
Z. f. d. g. Natunuiss. 19, 11 ; Schabus, P. 116, 
420 ; Weiss, Sits. W. 37, 373; Rammelsberg, P. 
118, 168 ; Schiff, A. 107, 64). Two double com- 
pounds with HgCl2, viz. (NH4)2Cr20,.HgCl2.H.20, 
and 3(NH4)2Cr,0,.HgCl2, exist (Darly, A. 66, 204; 
Zepharovich, Sits. W. 89, 17 ; Clarke a. Stern, 
Am. 3, 361). 

Barium dichromate BaCr20;.2H20 ; yellow 
needles, obtained by dissolving BaCr04 in cone. 
CrO,Aq, evaporating, crystallising, and drying at 
100°. Decomposed by H2O to BaCr04 and 
CrOsAq (Bahr, J. pr. 60, 30 ; Zettnow, P. 144, 
167 ; Preis a. Rayman, B. 13, 340). 

Bismuth dichromate.—Tlho salt . 
2(Bi23Cr04).Bi20„ obtained by ppg. Bi3NO, in 
HNOjAq by K2Cr04Aq, described as a basic bis- 
muth chromate ( 
regarded as 
(Bi0)2Cr,02. 

Calcium dichromate CaCrjO^.SHjO ; deli- 
quescent, red, crystals ; obtained by dissolving 
CaCr04 in CrOgAq and evaporating (Bahr, ik pr. 
60, 60). 

Coppor dichromate CuCr303.2H,0 ; brown- 
black, deliquescent, crystals; e. sol. in H2O or 
alcohol; decomposed •by hot H[gO with 8epara.i 
tion of CuCr04.2Cu0 ; obtained by dissolving 
CUO2H3 in cono. CrO,Aq, and evaporating 
(Droege, A. 101, 39). 

Lead dichromate PhCffij, Brick red, crys. 
talline, powder ; by actiomof CrO^Aq on PbCrQ, 
(Preis a. Rayman, B. 13, 840). 

Lithium dichromate ; black-brown, 

deliquescent, crystals (Rammelsberg, B. B. 1866. 
«29). 

Potassium dichromate E,Gr,0|. S.G. ^ 
2-692 (JouJ# a. Plaj^air, O.J.h 121 ; Schiff, A. 
107, 64). M.P. about 400° (Tilden a. Shenstone, 
T. 1884. 84). S.H. -186 (Kopp, A. Stippl 8, 
1 a. 289). C.E. (0°-100°) -0122 (Joule a. Play- 
fair, C. J. 1, 121). S. (0°) 4-9 ; (10°) 8-4 ; (40°1 
29-2 ; (80°) 73 ; (100°) 102 ; (117^) 128*8 ; (129°) 
153*8 , (148°) 200-6 ; (180°) 262*7. S.G. of solu- 
tion 6-08 parts in 100 water - 1*0406 at 19*6°, 
of 13*1 parts in 100 water - 1*0847 ; saturated 
solution boils at 104° ; insol. alcohol (Kremers, 
P. 92, 497 ; 96, 110 ; 96, 89 ; AUuard, 0 R. 69, 


p, 166), may perhaps be better 
asio bismuth dichromate 
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600; Michel a. Kraft, A, Oh. [8] 41, 471 ; Til- 
den a. Shenstone, T. 176, 28). 

^Pr^ra^ion.-~CShxome-iron8tone is heated, 
powdered, and mixed with EjOO, and OaO ; the 
' mixture is heated to 160° until quite dry, then 
to bright redness, in presence of air, with frequent 
stirring. The fused mass is allowed to cool, and 
is then treated with a small quantity of boiling 
water ; if the solution contains CaCrO^ it is de- 
composed by adding K,GO, and filtering from 
CaCO,. Sufficient acid to change the E2Cr04 to 
EjGrgO, is added, the liquid is evaporated and 
allowed to crystallise. The crystals are purified 
by reorystaUisation from water. 

Properties. — Large, red, triclinic, crystals ; 
unchanged in air. Solution in water is acid to 
litmus, has a metallic taste, and is poisonous. Is 
rapidly changed by light in presence of organic 
matter ; hence used in photography (Schwann, 
D. P. j. 199, 130). Decomposed at white heat to 
KjGrO^, 0, and Gr^O,. 

Reactions. — Keduced by heating with C, S, or 
^KH^Gl; or with solid H2G,04 fliothamley, G. J. 
61, 169 ; Werner, 0. J. 63, 602) ; KjCr^OjAq is 
reduced by SOjAq to Gr^SSO^Aq, and by H_.S to 
Gr20, and S ; NO is absorbed and after a time 
GrO, is ppd. (Vogel, J. pr. 77, 482). Heated 
■with cone. H2SO4, ^SO^, CraSSO^, Hp, and O 
are produoed; addition of 2 formula- weights 
H2SO4 to a boiling solution of one formula- 
weight KjGroO, produces pp. of orange-red 
HKSO4.K20rjO„ which is decomposed by H^O 
^Schwarz, D. P. J. 186, 31). Solution of KjCr^O, 
in cone. HGlAq gives CrOj.Gl.OK {q. v.) on cool- 
ing. From a hot solution of the salt in 12 parts 
HKO,Aq, carmine-red crystals of Cr2O5.NO2.OK 
(?0K.Cr0,.0.Cr02.N02) separate on cooling*; by 
re-crystallising this salt from HNOjAq, the salt 
Cr,Oe-NO^OK (?0K.Cr02.0.Cr02.0.Cr02.N02) is 
obtained (Darmstadter, B. 4, 117). A double 
compound KjCrjOj.HgCLj is obtained by evapo- 
rating a mixture of its constituents (Darly, A. 
66 , 204; Hahn, Ar. Ph. [2] 99, 147). 

MubuUumdichromate'RhjCT^Oj; and Sodium 
dichromatSt M^Gr^O, ; closely resemble KoCr^O, 
(Pic!8ard, J. pr. 86, 449 ; Grandoau, A. Ch. [3] 
67, 166). 

Silver dichromate Ag^Cr^O,. By ppg. 
K^CrjOTAq by AgNO„ or* digesting moist AgP 
with KjCrjOjAq; somewhat soluble in H2O, 
crystallising in red, triclinic, crystals; decom- 
posed by boiling water; when strongly heated 
gives CrjiO, and Ag (Breese, P. 140, 87 ; Waring- 
ton, P. M. 11, 489 ; Tesohemacher, P. M. 1, 
846 ; Nason, A. 104, 126). 

ThalHum dichromate TIjCtjO,. Bed, crystal- 
line, powder; insoL in HjO; decomposed by 
oono. acid to TljCr,0,o {q. v. infra). Obtainell 
by reaction of thaBous salts with K^CrjO-Aq. 

Tri-,Tetra-,and Hexa-Chromatesi: MijCrjO,,,, 
H^yCrfO,,, and M*,Cr,0,^ Very few of these salts 
are known. (NH4)jCr,0,a, KjCrjO,#, and TljCrjO,, 
are obtained by crystallising solutions of the di- 
chromates in HNO,Aq (Siewert, Z. f. d. g. No* 
tmxoiss. 19, 11 ; Bothe, J. pr. 46, 184 ; Hauer, 
8ii»* W. 39, 439; Willm, A. Ch. [4] 6; 6). 
E2Gr40,a is obtained by long-continued digestion 
of ]^Gr|0,a in cone. HNOgAq (Siewert, l.c.). 
pGB[4)2Gr,Oia.l0H2O was obtain^ by Bammels- 
berg (P. 94, 607) from a solution of (NH4)aGr,0,. 


Chromites. Oom^nds of OnO, with more 
jposiHve metallic oxides. A compound 2CaO.CraO, 
is obtained, according to Chancel {G. R. 43, 97), 
by the reaotiot betweefi NHj^and chrome-alum 
solution mixed with GaGla. ^ mixing solutions 
in EOHAq of GraO, and PbO or pps. are 
obtained of the composition MO.Ci^, (Pelouze, 
A. Ch. [3] 33, 6). Compounds of the form 
MO.CrjOj, where M =1 Mn, or Zn, are also pro- 
duced by fusing together the component oxides 
with BjOg a^ a white heat ; the compounds 
crystallise out on cooling; ZnO.Cr.^Og forms dark 
green octahedra, S.G. 6*309 ; MnO.Cr^Og, hard 
iron-grey octahedra, S.G. 4*87 (Ebelmen, A. Ch. 
[3] 33, 34). These compounds may be regarded 
as chromites, MCrg04, i.e. 8*alts of the hypo- 
thetical chromous acid H2Cr204. Certain me- 
tallic oxides which are insoluble in KOHAq 
become soluble therein when mixed with 
Cn^Og-icHgO ; e.g. a mixture of CrjOg.xHaO with 
40 p.c. FejOg, 12*6 p.c. MnO, 20 p.c. CoO^ or 
25 p.c. NiO, is completely soiuble in KOHAq; 
on the other hand Cr^Og is completely ppd. by 
KOHAq in presence of 80 p.c. FeP,, 60 p.c. 
MnO, or 60 p.c. CoO or NiO (Church, Ph. C. 
1853. 391). 

Chromium, alloys ofl An alloy of Cr with 
A1 is described by Wbhler {A. 106, 118) as very 
fusible, tin-white, crystals; becoming brittle 
after fusion ; S.G. 4*9. Freray (0. R. 44, 632) 
obtained an alloy with Fe by reducing chrome- 
ironstone with C, or by the action of Fe on 
CrjO, at a very high temperature ; long needles, 
harder than steel. By the action of Na amal- 
gam on CrCl,Aq an amalgam of Cr with Hg is 
produoed (Vincent, P. M. [4] 24, 328 ; Sch6n- 
bcin, P. 112, 446). 

Chromium, ammonio- salts of ; or Chrom-am- 
monium salts. Freshly ppd. CrjOj.aHjO dis- 
solves in oono. NH,ClAq containing NIIjAq ; 
on standing in air a reddish-violet powder is 
deposited ; when this is dissolved m cold HCl Aq 
and excess of cpno. HClAq is added, a rose^ed 
crystalline powder is produced having the 
composition Cr2C1..8NH,.2H20. By treating 
this salt with cold cone. H^SO,, a new com- 
pound Cr2Cl2(S04)2.8NH^.2H20 is produced ; 
by the action of BaI.>Aq on this, the salt 
Cr2Cl2I4.8NHs.2H2O is formed; and from this, 
Cr2Cl2Br4.8NHg.2H2O may bo obtained by the 
action of cone. HBrAq. Various other deri- 
vatives are known of the general form 
Cr2M2-X4.8NH,.a;H20, in which M>>Gl,Br, or I, 

and X ■* negative radicle. Cl, Br, I, NO,, 

o 2 

Ad. Ihe rtactions of this series of compounds 
forbid us to regard theifi: as ordinary double com- 
pounds of Cr-Mg with xNH,). they are usually 
looked on as* compounds ^ the hypothetic^ 
groups, cfUorochrom-^ bromoclirom-, iMochrom- 
letrammonium, with negative S*adioles CI4, 
(N0,)4 , <&o. On this supposition the formula 
N4HgfNH4)4.(Cr2M2).X4 would represent the com- 
pounds in question ; jhe names Chloro- fbromo-, 
lodo-,) cJvnmUetrammoninm chloride^ bromide, 
Aq., ore used. The less hypothetical formula 
M2.Cr2.8NH,.X4 is also frequently employed to 
represent the chloro(<kc.)chTomtetrammonium 
compounds. 

Six other series of chromanuponio-com- 
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pounds are known. They may all be repre- 
sented by the general form Or^xNHj.X^, where 
05-10 or 12 , and X« negative radicle ; in some 
of these part of the X,iaea 8 ilyr<)placed by other 
radicles and partes not ; in others the whole of 
the X, i# easily replaced. If M represent the 
radicle whfch is replaced with difficulty, and X 
the radicle which is easily replaced, we get the 
developed general formula for the seven series 
of compounds Ma:.Crj. 8(10 or 12 )NHj.X* ; where 
05 = 1 , or 2 , and« = 4 , 6, or 6 . The second to 
seventh series nj^y also be regarded as derived 
from the first (i.e. from the ohloro(cfec.)chrom- 
tetrammonium salts, by replacing H in 
N4Hy(NHJ^.(pr.M2).X4 by the radicle NH,. The 
following formula represent the seven series of 
compounds 

(1) M2.Cr2.8NH,.X, or N,Ha(NH,),.(Cr.,M2).X4 

Chromtetr ammonium salts. 

(2) tM2.Cr2.10NH3.X, or N,H„(NH,)«(Cr2M2).X« 

Purpureochrom salts. 

( 3 ) Cr2.lONH3.xJ or N,H„(NII,)a.Cr2.X, 

Roseochrom salts. 

( 4 ) M2.Cr2.10NH3.X^ or N,H„(Nn,)„{Cr,,M2.)X4 

Xanthoclvrom salts \ (M2 = 2N02). 

(6) Cr2.12NH3.X„ or N.H.iNHJ^.Cr^.X, 

Lutcochrum salts. 

(6) <fe ( 7 ) M.Or2.10NA,.X3 or N,H,.(Nn,)«(Cr,,M).X3 
Eliodoch/rom and Erijthrochrom salts ; (M = Oil). 

The purpureo- and rosoo- salts are isomeric, 
using the term in a rather wider sense than is 
given to it in organic chemistry as the molecu- 
lar weights of none of these salts are known ; 
AgNOaAq pps. I of the Cl from purpureochro- 
inium chloride in the cold, but all the Cl from 
rosoochromium chloride ; HNO,Aq, HBrAq, &c., 
also removes of the Cl from the former salts ; 
boiling HIAq, howevel*, produces l2.Cr2.10NH,.l4 
{iodopurpure^hromium iodide) ; and by acting 
on|his with dilute HClAq, In.Cr.^.lONlIj.Cl^ {iodo^ 
purpureochromium chloride) i» obtained. Pur- 
pureo- compounds, in which M. and are 
the same radicle {e.g. Brj.Crj.lONH3.Br^, or 
Cl2.Cr...l0NH3.ClJ easily change to roseo- com- 
pounds by standing in the air, or by heating. 
Xanthochromium cliloride is obtained by the 
action of NaNO.^Aq and dilute IINO^Aq on 
Cl2.Cr2.lONH3.Cl4, or on Cr2.10NH.,.Br„. The 
three series, purpureo- lutco- and rhodo- salts, 
are obtained by more or loss slowly oxidising 
Cr2Cl4 in NH4ClAq in presence of NH.,Aq; the 
purpureo- and rhodo- salts are obtained by oxi- 
dising in presence of air, the Juteo- salts in ab- 
sence of air (v. infra). The roseo- tyid e^ythro- 
salts are obtained from the purpureo- and rhodo- 
rcspectively {v. infra). The rhodo- and erythro- 
salts are is(^erid ; the former ihango to the 
latter by standing in air (v. infra). 

In the namenclature of the chromtetram- 
monium and purpureochromium salts it is neces- 
sary to use prefixes, chloro-, bromo-, Ac., to ex- 
press the nature of the radicles M, ; thus chloro- 
purpureochromiumch^ridJ^ and bromopurpureo- 
chromium nitrate, are Cl2.Cr,.10NHs.Cl4, and 
Br2.Cr,.10NH,.(NO ,) „ respectively. In the other 
series prefizea are unnecessary. 

It will suffice hero to describe the chief com- 
pounds in each series. The principal references 


are Fremy, A. Ch. [ 4 ] 9 . 481 ; CWve, pr, 76 , 47 , 
Aijt. S. t2] 49 , 251 ; JSrgensen, J. pr. [2] 20 , 
105 ; 25 , 83 ; 25 . 321 ; 30 , 1 ; Christensen, Xpr» 
[ 2 ] 23 , 26 ; 24 , 74 ; 25 , 398 . 

I. Chbomtetbammoniuu Series 
M2.Cr.^8NHs.X4.a5H20. Chlorochromtetrammoo 
nium chloride Ol2.Cr2.8NHj.Cl4.2H2O. Deep-red, 
very lustrous, almost opaque, triraetric crystals. 
Obtained by digesting freshly ppd. chromium 
hydroxide in a closed flask with cone. NH4CI in 
NH,Aq, until the hydroxide dissolves : the deep- 
red liquid is allowed to stand in the air, the dark- 
violet powder which separates is dissolved i5i 
cold HClAq, excess of oono. HClAq is added, the 
rose-red crystalline powder which separates out 
is washed with oono. HClAq, then with strong 
alcohol, and is crystallised from warm H ,0 con- 
taining a littlq HCl. This compound begins to 
decompose at 120-*; when strongly heated NH^, 
NH4CI, and HjO, are given off, and CrjOj re- 
mains ; heated in air-free H, or in CO2, Cr.^OCl^ 
remains. The salt is soluble in water, but on 
boiling CraOj.a-H^O and NH, are produced. 
Treated with H^O and moist Ag^O, a liquid is 
obtained probably containing Cl2.Cr2.8NH,.(OH)4; 
it soon decomposes with evolution of NH,. 

The sulphate Cl.,.Cr2.8NH,.(S04)2.2H20 is ob- 
tained by treating the chloride with cold oonC. 
H2SO4, and then with HjO ; from tins the iodide 
(X4 = I4) is produced by the action of Bal.^Aq, and 
by the action of fuming HBrAq on this, the 
bromide (X4=»Br4) is produced. 

If freshly ppd. CraOj.xHaO is treated with 
NH4Br in NH^Aq, bromochromtetrammonium 
bromide^ Bra.Cr2.8NH3.Br4.2H2O is produced ; an 
aqueous solution of this salt dropped into cono. 
HClAq gives the bromo-chlorkle (Mj^Brj, 

X 4 = Cl 4 ). 

II. Purpureochromium series 

M ..Cra.] ONHJ.X4. Chloropurpurcochromium 
chlor^e. Cla.Cr2.lONH3.Cl4. Prepared by re- 
ducing KaCraO, by alcohol and very cone. HClAq, 
so that 12 g. KfCrfii give 60 c.o. CrClj solu- 
tion, pouring the liquid (from KCl) through a 
separating funnel into a cylinder fitted wijih a 
reversed U-tube and an exit tube, and contain- 
ing sticks of Zn, and adding a little HClAq ; when 
the liquid is the colour of CuS04Aq (which in- 
dicates reduction to CrCy* forcing it through 
the U-tube into a solution of 600 g. NH4CI in 
1,000 c.c. NHjAq, S.G, * 9 ; and repeating this 
operation until 50 g. KjCraO, have been reduced, 
and the CrCl, solution fur Aer reduced to CrCla 
and driven into the ammoniacal NH,ClAq. The 
blue liquid is then oxidis'ed, by long-continued 
passage of air, until it becomes deep carmine- 
rod ; litres of cone. HClAq are added, the 
Vquid 18 boiled for a few minutes, when the 
chloride separates out as a carmine-red crystal 
line powder. This liquid is allowed to cool, and 
poured off,'* the residue is washed free from 
NII4CI by cone. HClAq + an equal volume of H2O, 
collected on a filter and again washed with the 
same HClAq, dissolved in HaO slightly acidified 
with H2SO4, and re-ppd. by cone. HClAq ; the pp. 
is boiled with a little oono. HClAq, washed with 
the same strength of HClAq as before, then with 
90 p.o. alcohol, and dried at about 18 °> 20 °. 

Chloropurpureo-ohromium chloride crystal- 
lises in small carmine-red ootahedia : S.(^. 
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1*^7; S. (16^) *65; insoL oono. HOlAq; on 
boiliiu an aqueous solution roseoohromium 
chloride is obtained; decomposed by beat, giving 
Cr,Oa. 

Bromo’bramide (Mj-Brj, X4«Br4) is pre- 

S ared similarly to the chloro-chloride, using 
HaBr in place of NH^Cl, Ac. By tre^itment 
with excess of HClAq it yields bromo^hloride 
(Mj = Br^, X4 «■ Cl 4). By treating ohloro-ohloride 
wiw boiling oono. HlAq iodo-iodide 
X^« I4) is formed* By the action of dilute 
HNO,Aq, H.jSOiAq, Ac., on ohloro-ohloride, 
ehloro-nitrate^ chloro-atUphate, Ac., are obtained 
(MjsGla, X4»4N0„ 2SO4, Ac.); the action of 
K,0r04Aq produces chl(^-chromate (MjaClj, 
X4»2Cr04). Besides these the following com- 
pounds have been prepared : — 

M, X4 M, X4 M, X4 
Cl, 2SiPa Br, 2PtBra ' I, Cl, 

Br, 4NO, I, 4NO, 

Br, 2Cr04 I, 2PtCl4 

m. BosBOOHBomnM sbbies Cr,.10NH,.Xs. 
So$eoehtvmiufn chloride, CrylrONns.Cl*. Ob- 
tained by rubbing 5 g. dry ohloropurpureo- 
ohloride with the moist Ag.^O from 20 g. AgNO, 
for a few minutes in a mortar, filtering, neutral- 
ising the alkaline liquid with HClAq, filtering 
from AgCl, evaporating in a rapid air-stream, 
pressing pp. between paper, washing once with 
a little H,0, and drying in air out of direct sun- 
light. Orange-yellow crystals; v. sol. HjO; 
insol. alcohol ; very unstable, giving off NH, ; 
changed, as are all roseo- salts, by heating with 
oono. HClAq, to purpureo- salt. AgNO^Aq pps. 
all the 01 in the oold. 

The other roseo- salts are formed by neutral- 
ising the solution obtained by action of moist 
AgsO on purpureo-chloride by various acids ; the 
solution in ouestion probably contains roseo - 
hydroxide The chief roseo- salts 

are X,=Br„ L. 8SO4, 6NO„ Br,(PtBr.)„ 
(SO^tCl,, Br,(Cr04)r 

lY. Xaothochbomixju series 
^OJ,.Cr,.10NH,.X4. Xanihochromium ehloiide, 
^O^2.Cr3.10NH,.Cl4. To 20 g. chloropurpureo- 
ehliKide 800 c.o. warm water and about 20 drops 
dilute HNO,Aq are added, the liquid is slowly 
heated to boiling, then cooled, and filtered ; the 
insoluble purpigreo-ohloride is again treated in 
the same way ; 40-50 g.Jfure Na^O, and 25 c.c. 
HOlAq (12 p.o.) are added to the total liquid ; 
the ydlow crystalline salt which separates out 
is washed with water^then with alcohol, dissolved 
in water, and ppd.^by fairly cone. NH4CLAq. 
Xantho-chloride is a*yellow crystalline powder ; 
fairly sol. H3O ; inaol. alcohol ; easily decom- 
posed by acids with production of HNO, ; treated 
with HClAq, ohloropurpureo-chloride is formed; 
fairly stable towards alkalis ; forms double salts 
with 2PtCl4 and dHgd,. 

The other most important xantho- salts are : 
X^-Br., I4, 2SO4, 2SA» dNO„ 2CO„ 2CrO,; 
the hyuoxide, X,** (OH)„ is known in aqueous 
solution, it is fairly stable, and has a strongly 
alkaline reaction. 

y. Lutboohbomktm 8 BBZ 18 Cr2.12NH,.X«. 
li«faockfomiummtfrafe,Civl^2NHr(NO,)4. 80 g. 
X,0r,O, are reduced to OrCl, by the method 
describe under ehloropnipnreoohromium chlor- 
ide ; the solution is forced ^ H pressure into 
a flask containing 700 g. KH4OI in ISO c.o.NH,Aq 


(S.G. *91) ; the flask, which must be entirely 
filled with the liquid, is closed by a cork carrying 
an exit tube opening under water, and is sur- 
rounded by col^ water ; after about 24 hrs. evo- 
lution of H ceases ; the liquid is poured off from 
ppd. luteo-chloride and NH^Cl, and iC ppd. by 
alcohol ; the crude luteo-chloride is vaashed with 
alcohol, dried, dissolved in warm water, and the 
solution is filtered into HNO,Aq (S.G. 1*39) ; the 
crystals of luteo-nitrate are washed with dilute 
HNOaAq (1 vol. cono. HNO,Aq to 2 vols. H.4O), 
and then with alcohol. The pp. of mixed 
NH4CI and luteo-chloride formed in the process 
may be dissolved by repeated treatment with 
H.O, and luteo-nitrate obtained ppn. with 
HNOjAq. Luteo-nitrate crystallises in orange- 
yellow, lustrous plates ; S. (abt. 15°) 2*5 ; insol. 
alcohol; nearly insol. dilute HNO,Aq. 

The luteo-chromium salts form many double 
compounds with acid radicles, and also with 
some negative metallic radicles; the more in- 
portant salts are X^ = 2N0,.2S04, 2NO,.2PtCl,„ 
Cle, Br„ I„ Cl4.H,PtCl4, Cr,.2Pt01o, 3PtCl«, 
3PtBr„ I,.2S04. 3SO4, 2S04.PtClg, 80,04, 

2NaPA. Fe,(ON)j„ Co, (ON),,, Cr,(CN)„ (J5r- 
gensen, j.pr. [2] 30, 1). 

VI. BHODOaUROMIUM SERIES 

OH.Cr2.lONH3.Xj. Rhodochromium bromide, 
OH.Cr2,10NH3.BrjJH2O- CrjOj.aHjO, equal to 
10 g. CrjOs, is dissolved in ICO 0.0. conc. HBrAq ; 
the green solution is poured on to Zn in a cylinder 
arranged with a reversed U-tube, Ac., as described 
under purpureochloride; 30 c.c. E[BrAq(l vol. cono. 
solution + 1 vol. H2O) are added; when the liquid 
is blue (after about 10 min.) 30 c.o. of the same 
HBrAq are added, and the H pressure is caused 
to force the liquid into 150 g. NH,Br in 750 0.0. 
cono. NHfAq ; the blue solution is oxidised by a 
stream of air, after all particles of Zn have been 
removed; the liquid is (mickly decanted from 
the blue pp. (basic rhodo-bromide), which is 
treated with excess of HBrAq (1 vt*l. oono. solu- 
tion 4 8 vols. HjO), whereby red rhodo-bromid:; is 
formed ; the salt is washed with dilute HBrAq 
and then with water, it is then dissolved in cold 
water and the liquid is poured into moderately 
dilute HBrAq ; the crystals which separate are 
washed with dilute HBrAq and then with alco- 
hol, and are dried in the air. Dried for some 
days over HjSO, they lose their H,0. Rhodo- 
bromide is a pale carmine-red crystalline pow- 
der ; slowly loses its HjO over cono. H2SO4 ; 
si. sol. cold HfO; on wanning, the solution 
goes blue-violet ; on boiling, NH, comes off, and 
CrjOg-a^HjO pps. ; insol. dilute HBrAq and 
NH4BrAq ; boiled^with very dilute HBrAq it is 
changed todroseochromium bromide; boiled with 
cono. BLBrAq it gives <‘brompurpureo-bromide ; 
with AgNO, all the Br is ppd,; dilute NaOHAq 
or NH«Aq renioves 4 Br, and a ba^ rhodo- salt 
remains; dilute acias form the respective rhodo- 
salts. * 

The chief rhodo- salts known are : — ^X, « 01,, 
Ij, 6NO„ 2JCO„ 2iS04, 2JS20«, Cl,.2AuCl4, 
Cl,.PtCl4, 01.2PtCl4; 'and the basic salts:— 
Xj-OH^r,, OH.ClJli:» OH.2S2OJ (Jfirgensen, 
J-.i^2] 26, 321). 

vn. BSTTHBOOnBOMIIJU SEBixa 

OH.Or,.10NH,.Xj. Erythrochromium rntrate, 
OH.Or,.10NH,.5KO,.H2O. Rhodo-chloride is 
prepared by mteriug a solution of rhodo-bromide 
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.{nto HOlAq (1 vol. oonc. solution + 1 vol. H^O); 
it(is washed with alcohol, 5 g. rhodo-ohloride are 
dwsolved in 50 c.o. H^O + 35 o.o. dilute NH,Aq; 
when the'blue solution has become red by stand- 
ing in air 4-5 vol^ of dilute HN(P,Aq are added; 
the pp. is Repeatedly treated with dilute HNO.Aq, 
dissolved iilHO, reppd. by HNO^Aq, washed with 
alcohol, and dried in the dark. Ery throchroiuiuin 
nitrate is a crimson powder composed of micro- 
scopic ootahedra ; it decomposes slowly even 
in the dark ; when strongly heated N oxides are 
evolved and CrjOg remains ; fairly^ol. cold water; 
insol. alcohol ; "^iqueous solution decomposes 
when boiled with separation of Cr_jO,.a;HP; 
aqueous solution boiled with a few drops of 
HNOjAq givjs rgseochromium nitrate ; solid 
erytlironitrate boiled with dilute HGlAq gives 
chlorpurpureo-ohloride. 

Other salts are obtained by the action of 
acids on the bromide or chloride; the principal 
are: — Xj^Brj, Oil,, 2^SO,; and the basic salts 
Xj-OH.Br^, OH.4NO3, OlI.’JS.Ou (Jorgensen, 
J. pr. [2] 25, 398).' 

Chromium, arsenates of. — E.vistenco uncer- 
tain {v. Ahsknatks, under Ausunic, acids of ; 
vol. i. p. 308). 

Chromium, bromides of. -Two are known; 
as neither has been gasilied the formiihe CrBr.^ 
and CrBVg may or may not represent the com- 
position of the gase#us molecules ; judging from 
the analogy of CrCl^ it is probable that the 
formuliB CrBr, and CrBrj aro molecular. These 
compounds resemble the chlorides (2. v.) in their 
properties. 

1. Chhomous BaoMTDH Cri3r_, or CrjBr^. Ob- 
tained as white crystals by heating CrBr, in H, 
by leading HBr over healed Or, or by the action 
of N .saturated with Br vapour on Cr at a rod 
boat (Moissan, A. Oh. [61 2.1, 401). Unchanged 
in dry air, but oxidises in presence of traces of 
moisture ; dissolves in H/) forming blue liquid, 
which dissolves large quantities of violet CrCl,. 

f I. CnaoMic naoMiDB CrBr^ or CraBr^. Small 
cylinders formed of OroO,, C, and starch paste, 
are dried and heated to redness in a covered cru- 
cible; they are then heated in a tube of hard 
glass in dry Br vapour ; crystals of CrBr, sub- 
lime, and some remain mixed with, but easily 
separable from, CrnO,. Dark, metal-like, lus- 
trous, hexagonal crystals; olive-green by trans- 
mitted light, slightly dichroio in red light (Woh- 
ler, A. Ill, 382). Floated in air Cr.^O, is formed ; 
KOHAq or NaOHAq decomposes CrBr^ into 
Cr.Pj and KBrAq or NaBrAq. Insol. in H^O, 
but dissolves in presence of a little CrBr.^. A 
green solution containing CrSrj is obtained by 
the action of HBrAq on Cr^O^H,. 

Chromium, chlorides” of. — Two exist, CrCl.^ 
and OrOl,. Qiromio chloride has, been gasified 
(at 1200°-16o0°) and the observed V.D. corre- 
sponds with ^e formula CrClg ; it is probable, 
but not certain, that the molecular formula of 
ohromous chloride is CrCL,. 

OrOlj, like several other compounds of Or, 
exists in two forms ; one spl., the other insol. 
in HjO. CrCl.jAq is an energetic reducer. Solu- 
tions of CrO^ and CrO, in cold oonc. HClAq may 
contain OrCl4 and CrOl, respectively ; those solu- 
tions are brown, they evolve Cl when heated, and 
CrCl, remains. > 

Vol. U* 


I. OnaoMous ohloeid* CrCL^ or Or^Cl^. Mol 
w. unknown. 

Formation.--L By the action of dry HOI on 
Cr at a red heat (Ufer, A. 112, 302 ; Moissan, 
A. Ch. [5] 25, 401). -2. By heating CrClj with 
Nfl^Clto a very high temperature (Moissan, l.c.). 

Pr^araiioii.—Violet, sublimed CrClg is 
heated in a stream of perfectly dry H, free from 
every trace of 0, to a very low red heat ; the re- 
duction takes place very slowly, but the tempe- 
rature must not bo raised, else some Or will bo 
formed (Moberg, J. pr. 29, 175 ; 43, 125 ; 44, 322 ; 
P61igot, A. Gh. [3] 12, 528). The H used should 
be passed througli a solution of SnCl.^ in KOHAq, 
then through cone. H^SO,, then over red hot Cu, 
and lastly through boiled H3SO4 and over CaClj. 

Properties. —White lustrous crystals ; sol. in 
with production of heat, forming a blue 
liquid, which rapidly absorbs 0 turning green. 
P61igot determined the quantity of 0 absorbed ; 
it corresponded with formation of Cr.Cl^O. 
Loewel (k. Ch. [3J 40, 42), by the prolonged 
action of granulated Zn on a solution of 
CrCl^.OHU in 3-5 parts H^O in a flask nearly 
filled with the Zn, obtained a colourless solution 
of CrCl^ (containing Zn), which acted as a strong 
reducer; e.g. K_,CrO,Aq was reduced to CrOj, 
HgClAq to HgOi, CuSO,Aq to Cu^Ol,^ and CujO, 
and solutions of Au and Sn salts to Au and Sn. 

Reactions. — CrCljAq protected from air gives 
the following reactions: — 1. With potos/i or soda^ 
brownish-yellow CrO.^H,,, which quickly becomes 
CrO.,H, with evolution of H.— 2. Potassium buU 
phide pps. black Cr^Sj. — 3. Sodium acetate forms 
a red liquid from which red lustrous crystals of 
Cr(02H303)3.H_,0 separate after a time. 

Combinations. — 1. With water, to form 
2CrCl,.3H,0 (Moissan, A. Ch. [6] 25, 401).- 
2. With dry hydrochloric acid, to form an easily 
decomposed compound 6CrCl,^.4HC1.26H30 (Be- 
coura, C. R. 100, 1227). 

II. Chuomio chloride CrClj. Mol. w. 168*55. 
V.D. 77*46 (Scott, Pr. B. 14, 410). 

Formation. — 13y heating Cr^S^ in dry Cl (Ber- 
zelius, P. 50, 79 ; Brunner, D. P. J. 159, 356). 

Preparation. — An intimate mixture of CrH, 
and lampblack is made into little pellets with 
starch paste ; the pellets are dried and heated in 
a covered crucible, they are then placed in a Hes- 
sian crucible, througl^ the bottom of which is 
fitted a poicelain tube about 6 inches long; the 
upper end of this tube, which passes a very little 
way into the crucible, is loosely covered with a 
very small crucible to prevent the pellets falling 
into the tube ; into the mouth of the Hessian 
crucible is fitted a smaller Crucible, inverted, and 
pierced by a hole. The crucibles are arranged 
in a furnace, so that the lower one may be heated 
very highly and the upper kept comparatively 
cool. The porcelain tube is connected with a 
supply of dry Cl. The pellets are now heated in a 
rapid stream’ of Cl ; CrClj sublimes into the upper 
crucible ; the whole is allowed to cool in Cl, else 
Crp, may be formed. The sublimate is washed 
with cold H3O to remove Al„01« formed from the 
crucible (Wohler, A. Ill, 230; Ufer, A. 112, 281). 

Properties. — Lustrous, peach - blossom 
coloured plates. S.G. 3-03 (Sohafarik, 90, 
12). Decomposed at high temperature without 
fusion with evolution of Cl (Oarnelley a, Williams, 
0. J. 87, 126). Insol. in water, unaoted on by 
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acids, even by aqua ngia, CrCl, may be obtained 
in soft yiolet-omoored plates, v. sol. in HjO, by 
dissolving green GiO,H, in HGlAq, evaporating 
slowly until crystals of GrCl,.6Rp separate, 
and heating these in HCl or G1 not above 250° 
(Jdoberg, J. pr. 44, 825 ; P61igot, J. pr. 37, 475). 
CrClj thus prepared dissolves very easily in 
KjO, forming a green solution; heated above 
250° the salt sublimes to crystals of the peach- 
blossom coloured, insoluble variety. The latter 
crystals when powdered and boiled with water 
for some time go into solution with production 
of a green liquid (Jacquelin, 0. B. 21, 679). 

A violet solution of GrCl, is produced by de- 
composing violet Grosso, Aq by an equivalent 
quantity of BaCijAq. When this solution is 
boiled it becomes green. 

The green solutions evaporated at 100° give 
crystals of CrClj-ccH^O (v. Comdinatiojis, No. 1) ; 
the same green hydrates of CrCl, are obtained 
by dissolving green CrOjH, in HClAq, or the 
insoluble GrOl, in H^O containing a trace of 
GrGlj, or PbCrO^ in cone. HCiA.q and reducing 
by alcohol, and evaporating at about 100° ; 
evaporated at higher temperatures oxy-chlor- 
ides {q. v.) are obtained. These green solutions 
probably therefore contain CrCl,. But only 
two-thirds of the total Cl is ppd. from them in 
the cold by AgNOjAq ; on boiling for some time 
the rest of the Cl also forms AgCI. On the other 
hand, AgNOjAq pps. all the Cl from the violet- 
coloured solution of CrCl, obtained by the action 
of BaCLAq on violet Cr^SSO^Aq. Moreover, 
green-coloured double chlorides, MChCrClj, 
where M = alkali metal, are not obtained, whereas 
several violet double chlorides are known (v. 
Combinations, No. 2). P61igot {J, pr, 37, 475) 
supposed that a green solution of CrCl, contains 
CrOOl and HCl ; Berzelius (P. 60, 79) supposed 
that on adding AgNO, a double compound of 
AgCl and CrCl, is formed and that this is 
decomposed only on boiling. 

Beactions. — 1. Finely powdered CrCl, boiled 
for some time with water slowly dissolves, form- 
ing a green solution (Jacquelin, G. B, 24, 679). 
mhe water contains to of its weight of 
CrClj, or a little SnCl, or CujClj, the CrCl, 
quickly* dissolves with production of much heat, 
forming a grepn liquid with the same reactions 
as that obtained by dis^lving CrOjHj in HClAq 
(P41igot, J.pr, 36, 150; Loewel, J,pr. 37, 150; 
relouze, P. 24, 233 ; Moberg, A. 109, 82 ; Bar- 
reswill, A. Ch, 12, 528) {v. Combinations, No. 1 ; 
also CaaoMiuM, oxVohloridf.s of).— 2, Boiled with 
wtash or soda GrCl, is slowly decomposed with 
formation of Cr,0|. — 3. Fused with nitre and an 
alkali or alkaline carbonate chromate and chlor- 
ide of the alkali metal are formed.— 4. Molten 
potaanumdichromateiorm^ CrOj.Cl.OK (Geutker, 
.4. 118, 61). — 6. Heated with chromic anhydride 
CrjO, and CrO,C4 are p|ioduced.xr6. Heated in 
air CTjO, results. — 7. Heated in dry hydrogen 
CrCl,, and then Cr, is formed.— 8. Zinc or potas- 
sium reduces CrCl, to Or when heated with it.— 
9. Heated in ammonia CrN is formed. — 10. Heated 
in phosphoretted hydrogen CrP results. — 11. 
Heated insulphuretied hydrogen or with sulphur 
the product is Cr,S,. 

Combinations.— 1, With water, to form vari- 
ous green, crystalline, easily soluble hydrates: — 
2CrClj.91^0, by evaporating CrO,H, in HClAq 


in dry air at 100° (Moberg, J, pr. 29, 176); 
CrCl,.6H,0, by evaporating (1) violet CrCl, in 
H,0 containing a trace of CrCl, in diy air, or (9) 
solution obtained by action of cone. HClAq and 
alcohol on PbCrO^ (Pfiligot, pr, 37, 476 ; Mo- 
berg, J. pr. 44, 326). Godefroy {Bl. JB] 43, 229) 
describes also CrClj.lOHjO, and Crds.dH^O, as 
green crystals. One or other of these hydrates 
is probably formed when violet CrCl, dissolves 
in HP containing a trace of CrCl,; Loewel 
(J. pr. 87, 160) supposes that the CrCl, is re- 
duced to CrCl^ by the action of the CrCl, pre- 
sent, and that the CrCl, thuf formed combines 
with Hp and dissolves as CrClj.ajHp, and that 
more CrCl, is reduced by the freshly formed 
CrCl,, and so on (v. also Becodra, 0. B. 102, 
921). According to Recoura (C. B. 102, 513 a. 
648) the hydrate 2CrCl3.13H.p exists in two 
varieties : (1) green crystals, produced by pass- 
ing HCl into a saturated solution of green CrCl, 
(or by passing air into cooled CrCljjAq contaijiing 
much HCl, and then passing in HCl ; G. R. 102, 
921) ; (2) greyish blue crystals, produced by heat- 
ing a solution of 1 pt. of the green crystals in 
1 pt. water, and then saturating with HCl. The 
green crystals dissolve in water (S. = 130) with- 
out production of heat ; the greyish blue crystals 
dissolve very readily in water with production of 
much heat [2GrCl®.13H=^0, Aq] = 24,000. — 2. 
With alkali chlorides to form double salts 
MCl.CrCla, the properties of which are little 
known; prepared by treating Mprp, (M = K, 
Na, or NHJ with HClAq and alcohol, and 
evaporating at 100° until the residue is violet. 
On adding Hp solution occurs, the liqtiid is 
yellow-red, but soon becomes green. Godefroy 
(Bl. [2] 42, 194) says that various double metallic 
chlorides containing CrCl, may be obtained by 
passing Cl into a mixture of metallic chromate 
and alcohol, and washing the products with 
HGlAq ; these double salts are decomposed by 
HP, but are unchanged in HCi\Aq containing 
32^ p.c. HCl. — 3, With phosphoric chloride to 
form 2 CrCl,. 2 PCl 5 ; obtained by heating the con- 
stituent chlorides in a sealed tube, and then to 
140°-150° in an open vessel (Cronauder, B. 6, 
1466).- 4. With ammonia to form several com- 
pounds ( v . Chromium, ammonio-salts of). 

Chromium, cyanides of, and their derivatives 
V. CvANIDEa. 

Chromium, fluorides of. Only one is known 
with fair certainty. CrF, is described by Be- 
ville (C. B. 43, 970) as forming lustrous, mono- 
metric, ootahedra ; obtained by dissolving dry 
CrO,!!,, which has not been strongly heated, 
in HFAq, evaporating in a Pt dish, and heating 
the |«e 0 i\mas 8 to a very high temperature. The 
double salts CrF,.2M>F.Hp, where Na, K, 
or NH^, are described by Wagner (B. 19, 896). 

Unverdorben (P. 7, 311) ‘obtained a red gas by 
heating fluorspar and PbCrOi with cone. HpO^. 
Dumas (A, Ch. [2] 31, 435) prepared the com- 
pound as a deep red liquid, by warming 4 pts. 
dry PbOr 04 , 3 pts. dry pure CaF„ and 6-7 pts. 
very cone. HPO*, in a retort of Pt or Pb, and 
leading the gas thsough a well-cooled tube of Pt 
and Pb into a Pt receiver. The liquid is vola- 
tile ; the vapour acts on the mucous membranes 
and produces violent coughing ; it is at once de- 
composed in ordinary air, or by HP, to HF and 
GrO,; it acta rapidly on glass, forming SiF,, 
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The formnla GrF, was given from estimations Graham {T. 1861. 183), by long-continued 
of the quantities of CrO^ and HF produced by dialysis of solution of freshly ppd. Gr.p,.a;H20 < 
leading the gas into water. Kose (P. 27, 665) in CrCl,Aq, obtained a liquid containing 1'6 pts. 
found more P than agreed with CrPj. Olivori HCl to 98-6 Gr j 03 ( «=* HCl:31-2Cr,p,:ccH20) ; thif 
{O, 16, 218) reotntly examined this supposed solution, which may be taken as nearly pure 
fluoride jSaecording to him it is an oxyfluoride Cr^Og.aiHaO dissolved in water, was unchanged • 
GrOjPj analogous to CrOgClj. on dihition or boiling, but was coagulated by 

Chromium, hydrated oxides of, v. Chromium, addition of traces of salts, with separation of 

HYDROXIDES OF. CrjOg.lHjO. 

Chromium, hydroxides of. Several com- A green hydrate- approximately pore 
pounds of Or with H and 0 are known. They Crj08.2Hg0 —known as Guignet’s green, is ob- 
react rather as hydrated ccides than as tained by heating 10 pts. K^Cr.Py and 18 pts. 
hydroxides (u. ^rt. Hydroxides). Chromous crystallised boric acid to low redness, and treat- 
hydroxide, or hydrated chromous oxide, ing with HjO. It is scarcely soluble in boiling 
CrOjHj(CrO.H,0) is very easily oxidised ; it be- HClAq {v. Scheurer-Kestner, Bl. 1865. 23 ; Sal- 
haves towards acids as a salt-forming compound, v^tat, C. R. 48, 295). 

At least three hydrates of Cr.p , are known : — Properties and Reactions.— kny of the hy- 
Cr.p3.7HjO(CraO„Hu.4H/)), drates Cr 303 .a:H 20 heated to 200'^ in air takes 

Cr.20,.4H20(Cr208H^.H.p), up 0, forming* a black powder, which reacts 

and CrjOg.Hp^Cr./O.^.O^H.J ; these compounds with HClAq evolving Cl, and from which H,0 
ai« all salt-forming in their reactions with acids, dissolves out CrO, (Siewert, l.c . ; Kriiger, A. 62, 
but at the same time they exhibit feebly acidic 249). The three hydrates where a; = 7, 4, or 1, 
functions. The nydrate Cr 03 .H 20 (Cr 02 . 02 H 2 ) is are hygroscopic : Cr^Og-HjO is insol. in boiling 
a strongly marked acid. dilute HClAq, tne two others dissolve in acids 

The hydrates of Cr are more or less easily forming chromic salts, CrX, {v. Chromium, salts 
separated into oxide and HjO by the action of of). The hydrates are sol. m KOHAq, but on 
heat ; the oxide Cr._,Oj does not directly combine standing or boiling they are reppd., and the pps. 
with water; CrOj readily combines with HjO, contain alkali; they are si. sol. in NH,Aq, but are 
but the solution is separated into CrOj and H 2 O reppd. on boiling. 

by boiling ; the action of CrO towards II^O is The hydrates CrjOs.xH.^O react towards acids 
not known as the oxide has not been prepared, as salt-forming hydroxides ; but they also exhibit 

I. Chromous hydroxide. CrOjHj or CrO.HjO. slightly acidic functions. Thus, the pps. obtained 
It is doubtful whether this compound has been by adding KOHAq to solutions of chromic salts 
obtained quite free from CtjOs.^H^O. A solution cannot be washed free from alkali even by hot 
of CrClj in air-free water, and protected from water. Also, NHjAq added to solution of a 
air, gives a yellowish- brown pp. with KOH dis- chromic salt mixed with a salt of Ca or Zn, &Om 
solved in air-free HjO (Moberg, J. pr. 43, 114 a. forms a pp. containing Cr20, and CaO or ZnO. 
125). The hydroxide quickly absorbs 0 and be- <feo. (Pelouze, A. Oh. [3] 33, 6). Solution of PbO 
comes dark brown ; it rapidly decomposes HjO, or ZnO in KOHAq, mixed with solution of 
and combines with part of the 0 evolved. Cr02H2 CrjOs.^H^O in KOHAq, yields a pp. of M0.Cr,0| 
is slowly dissolved by acids with separation of ^hancel, 0. R. 43, 927). By long digestion 01 
Cr and formation of chromous salts CrXj, e.g. CT.fig.xH.fi in cone. NHjAq a dark-blue com- 
Ci^ 04 . 7 H 30 , CrfCjH, 02 ) 2 . 0 , 0 , <fec. ; these salts pound of Crfig with NH, is produced, insoL 
are unstable, and readily oxidise to chromic salts in water, but sol. in HClAq {v. Chromites ; and 
CrX, (Moberg, J. pr. 41, 330; P61igot, A. 62, Chromium, ammonio-salts of). 

247) (v. Chromium, salts of, p. 167). Chromium, iodides of. Very little is kimwn 

II. Chromic hydroxides. Preparation.- -k regarding these compounds. None seems to have 
clear blue pp. of CrjOj.aHjO is obtained by the been definitely isolated (v. Walz, C. N. 26, 245). 
action of NH,Aq on CrCl,Aq at the ordinary Moissan (A. Oh. [6] 26, 401) describes Crl,, or 
temperature. The CrCljAq must be perfectly Crjl^, as a white saltt sol. in water with forma- 
free from any fixed alkali ; it is prepared by dis- tion of blue liquid ; obtained by the action of 
solving Cr in HClAq, or CrCl, in H 2 O contain- HI, or I vapour, on heated Cr. 

ing a trace of CrClj, or by reducing CrO, by Chromium, nitride of, CrN. Mol. w. un- 
HClAq. When the pp. is thoroughly washed known. * 

and dried over sulphuric acid the compound Preparation. — 1. Finely powdered Or is heated 

Cr 30 ,. 7 Hj 0 (Cr, 0 ,H,. 4 H 20 ) is obtained ; when to whiteness in N ; the metal is again powdered 
dried in vacttoCr 20 a. 4 H 30 (CraOgH,.H^O) remains; and heated in N, and this process is repeated 
and when dried at 200°-220° in H, the compound several times. Unchanged Cr is dissolved out 
Cr,0,.H,0(Cr202.(0H)2) is produced (Siewert, Z. by oono. HClAq (Briegleb a. Geuther, A. 123, 
f.d. ges.Natkrwiss. 18, 2ii). a 228).— 2. CrCl, dried at about 120° is strongly 

For’accounts of the earlier experiments on heated in dry NH* the process being repeated 
composition ilf the various CraOjMjHaO u. Lefort, several times ; the residual CrCl, is removed by 
J. pr. 61, 261 ; Hertwig, A. 46, 298 ; Schaffner, long digestion in oono. HClAq in contact with 
A. 61, 168 ; Fremy, C. R. 47, 883 ; Ordway, Sn (CrCl, is formed and dissolved) ; the product 
Am. S. [2] 26, 197; Mitsoherlich, Lehrb. d. is washed, and dried at 100°-120° (Ufer, A. 112, 
Chem. r4th ed.] 2, 761 ; Wincent, P. M. [4] 13, 281 ; v. also Liebig, P. 21, 869 ; SohrOtter, A, 
191 ). 87, 148 ; Gmelin, Qm. 4, 189). 

The pp. obtained by the action of KOHAq Properties and Reactions. — Heavy, black, 
or NaOHAq on CrCl,Aq, or on solutions of other amorphous powder. Heated to about 1600® in 
chromic sidts, contains alkali which cannot be absence of air, it is decomposed to Or and N 
removed by hot water. (Ufer, A. 112, 261). It is unacted on by KOHAq. 

m2 
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by dilute acids, by cone. HCIAq or HNO.,, by H, 
by steam, or by molten Na^COs ; dia- 

Bolves it slowly ; cold cone. HoSO, dissolves it 
with formation of Cr2(Nnj.(SO,],.24H^O, and 
without evolution of N. Heated in HCI gas, 
CrCla and NH 4 CI are formed. Slowly sol. in solu- 
tions of alkaline hypochlorites, with fonpiation 
of alkaline chromates and N ; docoinj)ost’(l l»y 
molten KNOa, or KClOy, witli fiumation of 


ironstone. (For other methods of preparing amor- 
phous CrjOg V. Jiarian, A. 40, 203; Berthior, 
A. Ch. [ 2 J 17, 66 ; Bottger, J. pr, 103, 314. Fo* 
other methods of preparing crystalline Cr./), v. 
Geniclo, J. pr:5i, 187; Frem;^ A. 49, 274 ; Miil- 
ler,J^ 127, 404; Otto, 4 142; 102 .) * 

Froperiics :.nd Reactions. — Amojcpnoua Cr.^O, 
is a green powder, more or less dark, according 
to tile metliod of preparation. Crystalline Cr^O, 


KjCrO, and N (Ufer, l.c.) ; decomposes In 11^ to j lorms very dark green, lustrous, hexagonal cryS' 


N and H at red heat ; unacted on by Cl in the 
cold, but when heated slight explosions occur, 
and CrCl., and N are produced. 

Chromium, oxides of. Three oxides of 
Cr are known, CrUj, CrOo, and CiO,; Cr^O. 


tals ; as hard as corundum ; isomorphous with 
J'V U 3 and ALQj. Cr^Og which lias been strongly 
lieated, or crystalline Cr^Og, is 4111801. acids ; fused 
with KNOg, or KHSO 4 , KXrO, is formed and 
dissolves in HjO. Amorphous Cr.Ug, if not 


CrgOg, and perhaps an oxide higher than CrO,, 1 strongly heated, dissolves in piost«acids to form 
probably exist. Ci\Oj acts as a sail foiimng cliromic salts CrXg. Cr^Og is not reduced by H, 
oxide towards acids, and also shows feebly acidic , and by C only when intimately mixed and 
properties; CrOj is distinctly e,n anhydiido, it ! strongly heated. Heated in Cl, CrOXlJs formed; 
reacts with water to form the acid ILCrO, ; witli if the oxide is perfectly dry, a little CrClg is pro- 
a«.ids it forms chromic salts, CrX„ and 0; no ducod (Moissau, Bl. [2] 34,70) ; heated to about 
salts corresponding to CrO, have been prepared, 1 10*^ in air, CrOg is produced (Moissan, lc.) ; 
this oxide is said to evolve Cl by tlie action of liealed in H,S, CrBg results (Ifloissan, l.c.). 
HCIAq. Chromous oxide, CrU, is not known, ^ ’ 

but approximately pure CrO. IT 0 (t?. Ciuiomium, 

HVDBoxiDEs of) has beenprcjiared. Cr/), is saul 
to combine directly with 0 to form CrOj ; it is 
readily oxidised in presence of alkali tocbroinaio 
M-jCrO^, from which CrOj is obtained. Cr^O^ 


Cunibinatums. — 1 . With water ^ indirectly, 
to foim Cr X)g.a’n.>0 ; v. Cuuomium, hxdkoxidws 
OK.- -2. With several metallic oxides to form 
compounds MO.Cr.Ps ; v. Chromites ; under 
ClinoillUM, ACIDS OF, p. 158. 

_ J II. CuiioMiDM DIOXIDE CfOg. {Chromiiim 
and CrjOy, if they exist, may be regarded as fcti oxide. Brown oxide of cj^roviium. Chromate 
CrO.CroOg and 2 Cr 203 .Cr 03 , respectively; CiO^ ' of chromium.) Mol. \v. unknown. This oxide 


is sometimes regarded as CrgOj.CrOg (r. Ciiko- 
muM, ACIDS of), 

I. Chromic oxide Cr^Oj {green orulc of 
chromium). Mol. w. unknown as compound has 
not been gasified. S.G. 4'91 to 5*01 (Flayfair a. 


lb a product ( 1 ) of the oxidation of Cr^Og, ( 2 ) of 
the reduction of CrO,. 

Foirnation. — 1. By heating CrUg in air, or 
0, to about 400° (Moissan, il. Ch. [5] 21, 243).— 
2 . By heating CrjOg.aiHjO in air to about 250° 


Joule, C. 8. Mem. 3, 67; Schroder, P. 106,226). i (Kruger, P. '61, '219).— 3. By the action of 
SchifiE (i4. 106, 114) gives S.G. 6-2 for crystallised cone. Cr.^GSO^Aq, or CrCljAq, on K^CrO^Aq 
CrgOj. Crystallises in hexagonal foinis; a:c j (? 6 K 2 Ci 04 Aq + Cr 23 S 04 Aq 


= 1;1‘3682; S.U. {21°-62‘^) *177 (Kopp, 2M65, 

Occurrence.— ks chrome-ochre ; in combina- 
tion with FeO in chrome-ironstone. 

Formation.— -1. By heating chromic hydrox- 
ide ( 5 . tj.). — 2. By healing finely divided Cr in 0. 
8 . Py heating CrOg.— 4. By heating (NII,)_Cr 20 ; 
or llggCrO,. — 6 . By heating CrCl., m air. 


3K .SO^Aq-l- 2K2Cr.p, Aq + SCrO./ (Maus, P. 0, 
127 ; Bensch, P. 55, 98)1 — 4. By the action of 
Na.S.O.Aq on K.^Cr.OjAq 

(? 2K,Cr ,0,Aq -f Na-^S^oUq 
= K. 2 Cr 04 Aq -fe K^SO^Aq -f Na2SOgAq + BCi6.,) 
(Popp, A. 156, 90). (For other methods v. Kopp, 
C. N. 11, 16 ; Vogel, J. pr. 77, 482 ; Siewert, Z. 
f. d. ges. Naturwiss. 18, 285; Schiff, A. 120, 


Preparation.— 1. A mixture of 5 pts. finely j 207; Traube, A. 66, 106; Kammelsberg, A. 60, 
powdered, diy, K^CrgO,, and 1 pt. S, is healed ; 203; Braun, J.pr. 90, 356; Oppenheim, BL [3J 
to redness in* a crucibis, and the jiroduct is | 1, 165). 

washed with H 2 O until all K .SO, and K ,S j Preparation. — NO is passed into warm dilute 
are dissolved out (Lassaigne,.4. Ch. [3] 14, 299; j K^Cr.^OjAq ; CrOj is slowly ppd.: the solution must 
Dietrich, W. J. 1866. 273).— 2. Equal parts of not become concentrated (?2K2Cr20TAq + 2N0 
dry, powdered, KjGr.^O,, and NH,Cl, are mixed j - 2 KN 0 jAq-i-K 2 Cr 04 Aq-t- 3 Cr 02 ). The pp. is 
with a little Na^COg, strongly heated so long as . washed with HjO, then with alcohol, and dried 
any gas (N) comes off, and the residue is wa.dicd i at 250° for a long time until the weight is con- 
free from KCl (W 6 hler, P. 10, 46; Bottger, A. j stantTSchweizer,*/. pr. 39, 269 ; Hintz, A. 169, 


47, 339). — 3. Crystalline Cr.^Og may be prepared 
by passing vapour of CrOgCl.^ through a gl^s 
tube heated to low redness (WShler, P. 33, 341) ; 
or by heating to bright red^e.‘'S, in a Hessian cru- 
cible, a mixture of equal parts of dry, powdered, 
and NaCl, covered with a layer of NaCl, 
and washing the residue free from KCl and NaCl 
(Schiff, A. 106, 114 ; 108, 30). The crystalline 
oxide is also obtained by strongly heating thn 
amorphous oxide in O (Sidot, C. ti. 69, 201 ) ; or 
by fusing the amorphous oxide with CaCO, and 
BDg (Ebelmen, A. Ch. [3] 22 , 211 ). Blake 
(Am. S. [ 2 ] 10, 362) found crystalline Cn^Og in 
a furnace used for making K2Cr04 from chrome- 


367).- 

Properties and Reactions.— grey, almost 
black, powdy ; very hygroscopic Loses 0 at 
300° ; heated in Cl to 250° a little CrgO^Clj is 
formed ; heated with HCIAq, or cith mixture of 
HCIAq and H,S 04 Aq, evolves Cl (Moissan, 
A. Ch. [ 6 ] 21, 243) ; heated with KOHAq, out 
of contact with air, forms K 2 Cr 04 Aq and CrgO* 
(Moissan, lx.) ; not*acted on by PGlj (Hintz, A. 
169, 367). 

III. CnKOMiuM TRioxiDB CrOg. (Chromic 
anhydride. Red oxide of chromium.) Mol. w. 
unknown. S.G. 2-67-2'82 (Playfair a. Joule, 
C. 8. Mem. 3, 67 ; Schafarik, 8itz, W. 47 [2nd 
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part], 266). Crystallises in trimetrio prisms; 
a:b:c = *7246:1; *6285. [About 190°j (Zettnow, P. 
143, 468). S. (26°) 165 (Zettnow, Z.c.). 

Occurrence.—li^ combination with PbO, CuO, 
&G., in a minerals. 

Pormafw^.— Chromates, M.CrO^, are pro- 
duced by heating Cr^Og with alkaline oxidisers, 
e.g. KOH, KNO,, KCIO., ; or by the action of 
oxidisers—e.gf. Cl, KMn^O„Aq--on Cl^03..^’lI20 
in KOHAq. CrOg is obtained from chromates 
* by the action of strong acids. , 

Preparation.— MOO grams commercial ICCr^O, 
are warmed with 500 c.c. lip and 420 c.c. cone. 
H0SO4 until dissolved; after 10-12 hours the 
mother liquor«B poured oil from the crystals of 
KHSO4 ; the solution is kept at 80°-90°, 150 c.c. 
cone. HgSO^ are added, and then H^O drop by 
drop till the pp. of CrOg has just dissolved ; the 
liquid is evaporated until crystallisation begins. 
Aft^ 10-12 hours the liquid is separated from 
crystals of CrO, by pouring through a funnel in 
which is placed a little filter of thin Pt pierced 
with small holes. The mother liquor yields a 
second and third crop of CrO., crystals, by eva- 
poration. The crystals of CrOg are spread out 
on a porous plate, after 24 hours tiny aro re- 
moved, 50 c.c. pureilNOgAq (S.Ct,1*46) aio added, 
and the whole is placed on another porous plate; 
if after 12 hours tli^ CrO, still gives reactions 
for HgSO^ and K, 25 c.c. IINOgAq arc added and 
exposure on a porous plate is repeated. The 
HNOg is now removed by warming the crystals 
in a basin, at first very slightly, then to a rather 
higher temperature (G0°- 80), until the crystals 
appear perfectly dry and fumes of UNO., aro no 
longer evolved. About 84 p.c. of pure CrOg is 
obtained (Zettnow, P. 143, 408 ; modilicatiou of 
methods of Bolley, A. 56, 113, and Bunsen, A. 
148, 289). CrOg may also bo prepared from 
PbCrO, by the action (Jf cone. Il.gSOg (Schrottcr, 
P. 59, 616) ; or by the action of HNOjAq (Du- 
villier, C. B. Tb, 711) ; also from BaCrO^ (Duvil- 
lier, l.c.) ; also by the action of moisture on a 
fluoride of Cr (?oxyfluoride ; v. Chuomium Fimoit- 
IDE, p. 163) obtained by decomposing PbCr04 
and CaF,_j by cone. H^SOg (liiiverdorben, N. J. P. 
9, 26 ; Berzelius, Lehrhuch [6th ed.], 2, 319). 

Properties. — Carmine-red, very lustrous, tri- 
metric prisms (Nordenskjuld, P. 114, 612) ; or 
loose, red, flakes. When melted at about 190° 
and solidified, appears as very dark red, metal- 
like, crystalline mass. Very sol. in H„0 ; 
[CrO*, Aq] - 1,900 (Sabatier, C. B. 103, 267) ; 
S.G. of solution containing x p.c. CrO, at tempe- 
rature t (Zettnow, P. 148, 474) 


X. 

t. 

8 . 0 . 

8*26 

16°, 

1*0606 

12-34 

19*6 

1*0957 

19-33 • 

19 

1*1569 

31-83 

20-1 

1-2026 

37*77 • 

22 

1-3441 

62*23 

22 

1*7028 


Sol. in pure ether and in cold dilute alcohol 
(Zettnow, l.c.). Solution ip water is acid and 
reacts with metallic oxides, &c., to form salts 
M.gCr04 (v. Chkomio acid). CrO, is easily de- 
oxidised ; by action of acids it yields chromic 
salts CrX„ and gives up 0. 

Beactions.~CtO, is very easily reduced. 
1. CrO,Aq is reduo^ by hydrogen (Ludwig, A. 


OXIDES OF. 

162, 47). — 2. Amorphous phosphorus heated to 
200° forms CrOg ; P dissolves in CrOgAq forming 
an acid phosphate of Cr (Oppenheim, Bl. [2] 1, 
166).— 3. Potassium or sodium iQdncQQ CrO, on 
heating, probably to Cr.— 4. Sulphur forms 
Cr.,S, a^d SO., (Moissan, A. Ch. [6] 6,568).-- 
5. Heated with sulphydric acid, Cr-^S,, HgO, and 
S are formed (Harteu, A. 37, 350). — 6. With 
haloid aqueous acids, halogen is evolved and 
CrXg formed. — 7. Sulphurous anhydride has no 
action at 100 ' ; at 180° CrOg and SO, are formed 
(Traiibe, A. 66, 103) ; SO.^Aq and CrOgAq form 
at first IlgSOgAq and CrO,_,, and then Cr.gSSOgAq. 
8. Nitric oxide reduces CrO, to Cr.,Og (Keinsch, 
J. pr. 28, 391; Wohler, A. 34, 236).— 9. Ar- 
senious oxide forms Cr.gOg and HgAsO^Aq with 
CrO,Aq.— 10. Ammonia forms Ci-gO,, H,gO, and 
N ; light is prodyced.— 11. Phospluyric chloride 
forms CrO.Cl., and POClg (Schilf, A. 106, 116).— 

12. Feriic chloiule heated with CrO, forms 
FegO., and CrOXl, (Geuther, A. 106, 239).-- 

13. Heated with violet chromic chloride CrOgClj 
and Cr,^Og are foAned (Geuther, A. 118, 69). — 

14. CrOgAq is reduced to Cr^Og by stannous 

chloride, SnCl^ and SnO^ being formed. — 15. Cold 
cone, sulphuric a<cid dissolves CrO, (it is said to 
be quite insoluble in very cone, acid with 16-17 
p.c. H_;0 added) ; a compound CrOg.HoSOg is 
probably formed {v. Combinations, No. 2), but 
on heating, CrgOSOg, or a basic Cr sulphate 
(4Cr,^0g.6S()g.7HgS04 according to Cross a. Hig- 
gins, C. J. 41, 113), IS formed, with evolution of 
0.— 16. CrO.,Aq is reduced by electrolysis to 
Cr, Cr Dg, and 0 ; 30,225 gram-units of heat are 
produced (Pavre, C. B. 73, 890 a. 936; Geuther, 
A. 99, 314 ; Buff, A. 110, 257).— 17. Iodine dis 
solves in cone. CrOgAq; the products are un 
certain (Walz, C. N. 26, 246).— 18. Oxygen, 
ozone, or pure dry chlorine, has no action on 
CrO, (Moissan, A. Ch. [6J 5, 568).— 19. Heated 
with caibon disulphide to 180° a little COS is 
formed (Armstrong, P. 2, 713).— 20. Very many 
caibon compounds, e.g. C^Hg, CgH,, CgHgO, 
C Jl.Og, CJi^.CH,, Ac., are oxidised by CrO,Aq : 
a mixture of KgCr.Oj, HgS04, and is gene- 
rally employed. • 

Combinations.— 1. With water io form H2Cr04 
(Moissan, A. Ch. [6j 5, 568; v. Chromic acid, 
under Chromium, acids of). — 2. According to 
Bolley {A. 56, 113) CrOg combines with sul- 
phuric acid to form Cr0,.H2S04 (? HjCrSO,) *, 
it is prepared by adding crystallised CrOg to 
cone. H.SO4, little by little, until no more is 
dissolved, and after some days collecting the 
brown solid matter and drying on a porous plate. 
8. Schjrodor describes a compound with sulphuric 
anhydride CrOg.SSOg {P. 69, 616 ; v. also Gay- 
Lussac, S. 32, 447 ; Fritzsohe, J. prr. 27, 252). 
4.* Moissan (G. B. 97, 96) says that the body pro- 
duced by the action of H.O.Aq on CrOgAq, usually 
regarded as ifhigher*oxide than CrOg, is really 
a compound of CrOg and HgOj, viz. CrOg.HjOj 
(v. infra). 

IV. Other oxides or chromium. 

(i) The oxide Cr.,04- corresponding to Fe304, 
Nig04, and C03O4— is said to be produced by the 
action of air-free KOHAq on CrClgAq, immediate 
washing the pp. with boiling water and drying in 
vacuo \ it is scarcely soluble in acids; wnen 
heated it takes up 0 forming CrgO, (P61igot, 
A. Ch. [8] 12, 539). By electrolysing Crd^q, 
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containing CrCi,, under special conditions, Bunsen 
obtained a black, amorphous, powder, insol. acids, 
oxidised by heating in air to Cr^O, (P. 91, 619). 
This powder seems to have been either a mixture 
or a compound of OrO and Cr<,0, (but o. Geuther, 
A, 118, 66). 

(ii) When GrO, is heated in air, or O, to a 
little over 200^ (Geuther a. Merz, A. 118, 62), 
or when a rapid stream of GrO^Gl, vapour is 
assed through a tube heated to above 200^, 
at not to redness (Wdhler, A, 111, 117), small, 
lustrous, dark-violet, trimetric prisma, S.G. about 
4, are obtained. According to Wohler the com- 
position is GtjOj ; according to Geuther Cr^Oa. 
These crystals are distinctly magnetic, but lose 
their magnetism by heating in air ; when strongly 
heated Gr^O, is formed. Insoluble in all acids 
including aqwi regia ; slowly ac^cd on by cone, 
boiling EOGAq ; decomposed by molten KOH to 
CrjO, and K2Gr04. 

Traube (A, 66, 108) describes two oxides 
GraO,, and CrjOja; but the existence of these as 
definite compounds is doubtful.^ 

(hi) When H^Oj^q is added to CrO^Aq, or when 
a dilute, strongly acid, solution of BaO.^in HClAq 
is added to KjCrjOjAq, a deep-blue colour is pro- 
duced in the solution (Barreswill, A. Ch. [3] 20, 
864) ; this colour quickly disappears, 0 being 
evolved (Schdnbein, P. 108, 471). The blue 
compound is more stable in ethereal than aque- 
ous solution. BaOj is added to HClAq, ether 
(free from alcohol) is then added, and then 
K^GraOjAq drop by drop with constant shaking; 
the ether becomes deep azure blue, it is free from 
HGl and H2SO4. The ethereal solution evolves 
0 when evaporated, and GrO, remains (Aschoff, 
J. pr. 81, 401 a. 487). Ferrous salts are oxidised 
by the blue ethereal liquid ; alkalis decompose 
it to alkali chromates and 0 ; it is also decom- 

E osed by P3O,, GaCl,, MnO,, Pb304,Hg0, Na, and 
y acids and bases (Moissan, C. E. 97, 96 ; v» 
alsoMartinon,P2. [2] 45, 862). Certain alkaloids, 
e.g. strychnine and quinine, seem to form com- 
pounds with the blue-coloured body; these com- 
pounds are, however, unstable. According to 
Asdbofl {J.pr, 81, 401 a. 471), for the formation 
and complete decomposition of the blue-coloured 
compound HjO, reacts with K^CtjO, in the ratio 
OHsOstEjOr^O, i assuming the blue compound to 
be an oxide of Gr with we composition Cr.p,, 
the reaction in question might be represented as 
(1) EaCr,0,Aq + HjO^Aq ^ 2HCUq « 

2EGlAq + 2H20Aq Aq ; 

(2) Cr,0;Aq + 6HClAq + 4H.,02Aq = 

CrjCljAq + TKjOAq -I- 80. Fairley (C. N. 33, 237) 
supposes that the blue compound is Cr0y.3H20. 
Moissan (0. B. 97, 96) obtained an ethereal solu- 
tion of the dark-blue compound containing 6 p.c. 
Cr; at —20° in vacuo deep indigo blue, oil^, 
drops were produced ; by the action of Na, H was 
evolved, and by gently warfning O was evolved ; 
the volumes of these gases obtained corresponded 
with those required by the formula CrOi-HjO.^. 
The blue compound cannot be obtained by the 
action of ozone on CrO,Aq ; it is formed during 
electrolysis only when HjO, is also produced 
(Moissan, l.c.). 

Chromium, oxychlorides of. Various oxy- 
ehlorides, or perhaps compounds of Gr20j, and 
CrGlj, are obtained by evaporating GrCl,Aq at dif. 
ferent temperatures (p. 167). Of the compounds 
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theoretically derivable from Gr03(0H)2 by ra. 
placing OH by Cl, viz. GrOjOHGl and GrOjGI„ 
the second only is known ; ^e first would react 
as an acid, th^K salt of this acid is known (u. 
Chloro-chromates under CfaoMiuii. acids or, 
p. 157). GrOaGlj easily parts with (9 and Gl; 
heated in a closed tube GriO.Gl, is pfbduced. 

I. Ghromyl ohloridb GrOaGlj (Ohhrochromio 
acid. Chlorochromic anhydride). Mol. w. 165-06. 
(115-9°) (Thorpe, G. J. 87, 362). S.G. § 1-9617 
(Thorpe, f.c.). ^V.D. 78. 

Formation.— 1. Equal par1|| GrO, and FeGl, 
are heated together in a retort (Geuther, A. 106, 
239). — 2. OrO, and GrCl, are heated together in 
the ratio 2Gr01s:3Cr03 (Geuther, ^.,118, 69).— 3. 
1 part CrO, and 2 parts PCI, ale heated together 
(Sohiff, A. 106, 116). — 4. HCl is passed into cono^ 
H2SO4 containing CrO, in suspension {B. 10, 
1041). — 6. HCl is passed over CrO, (Moissan, 
A. Ch. [6] 6, 668). 

Preparation . — 10 parts NaCl are fused with 
12| parts E.2Cr20, ; the fused yiass in fair-sized 
pieces is placed in a retort connected with a well- 
cooled condenser, and 25 parts fuming H2SO4 
are added. The reaction proceeds without heat- 
ing (Thomson, T. 1827. 159 ; Berzelius, B. J. 6, 
131; Wohler, P. 83, 343 ; Etard, A. Ch. [6] 22, 
218). About 70 p.c. of the theoretical yield of 
CrOjCIa is obtained ; part of the CrOoClj is de- 
composed by the acid to CfO„ Cl, and 0128804 
(Etard, l.c.). The distillate is redistilled several 
times in CO,. 

Properties.— A dark-red, mobile, liquid; 
fumes much in the air ; dissolves Gl and I in 
largo quantities. The vapour absorbs all the 
light from a luminous flame except a narrow 
band in the red (Stoney a. Eeynolds, P. M. [4] 
41, 291). If the vapour is mixed with 0 and 
passed into a Bunsen lamp a violet flame is pro- 
duced, showing lines in the violet, green, yellow, 
orange, and red, part of the spectrum (Gott- 
schalk a. Drcchsel, J". 2>r. 89,4737. CrOaCL is 
best kept in sealed glass tubes. *■ 

Reacticnis. — 1. Easily parts with 0 and Cl; 
acts as an energetic oxidiser and chlorinating 
agent, e.g. oxidises P, S, Hg, alcohol, tur- 
pentine, <&o., oxidises and chlorinates G4H4 
(forming OgHCl,02),0„H, (forming OjoH^ClaOj) 
&c. (v. Liebig, P. 21, 369; Schrotter, A. 37, 
148 ; Heintze, J. pr. [2] 4, 211 ; Carstanjen, J. 
pr. [2] 2, 61). — 2. Heated with PCI,, POCl„ or 
PClj, CrCl, and Cr^O, are formed with evolution 
of Gl (Casselmann, A. 98, 213 ; Schiff, A. 102, 
111; Weber, P. 107, 376; Cronander, B. 6, 
1466).— 3. With water, CrOgAq and HClAq are 
formed with production of much heat. — 4. De- 
composed, giving crystalline CrO„ when passed 
through a warm f«6e*(W6hler, P. 33, 331). — 

6. Heated in a closed tube to 180^ CrjOaCl, and 
Cl are formed (Thorpe, 0. J. p] 8, 31).— 6. 
Iodine dissolves in CrOjClj; on heating Cr,04Cl2 
and ICl are formed (Macivor, C. SV. 28, 188). — 

7. Keacts with EGlAq to form CrO2.OK.Cl (g. v. 
under Chbouateb) and HClAq (P41igot, A. Ch. 
52, 267).— 8. With ]^Cr04Aq combines to form 
CrOa.OK.Cl (GeutherT A. 106, 240).— 9. Burns in 
dry NH, to form NH4CI and CrO, (Bideal, C. /. 
49, 867). 

II. Triohbomtl ohlobidb CrgOgCla {Chro- 
mium chromato-chloride). Mol. w. unknown. 

Formatior^,—l. Potassium chloroohromato, 
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OrOijOK.Cl is heated with cono. CrO^Cla 

and CrjOsOla are produced together (Zettnow, P. 
143, 328). — 2. I is dissolved in CrOaCla, and the 
product is distilled (Maoivor, 0. 28, 138). 

Preparation.— 4^x0. fili is heated in a closed 
tube for diveral hours to 180®, and the residue 
is heated iaSiry CO.^ to 120® to remove unchanged 
CrOaOl* (Thorpe, G. J. [2] 8, 31). 

jproperties and Reactions. — A black, amor- 
phous, very deliquescent powder ; heated in air, 
0, 01, and CraO, are formed ; easily reduced by 
H to Or Pa with evolution of 0 an€ Cl ; dissolves 
in HClAq, Cl is evolved, and CrCljAq remains ; 
aqueous solution also gives off Cl on heating. 

III. Oxvq^LOiiinES from CrCl^Aq (Moberg, 
J. pr. 29, 175 ; I’rcwel, J. pr. 37, 38 ; P61igot, 
J. pr. 37, 475 ; Schiff, A. 124, 167 ; Ordway, 
Am. S. [2] 2(5, 197 ; B6ohamp, A. Gh. [3] 66, 306; 
57, 296). By evaporating CrClaAq at 120® a 
reddish residue, soluble in HP, agreeing with 
composition Crp.,.8CrCl3.24Hp, was obtained ; 
this heated to 160® left a reddish-grey powder, 
CrP3.4CrCl3.9HP( = CrpCl^.SHP) ; when more 
strongly heated, and water added, a residue 
remained, 2CrPj.2CrCl3{ = CrOCl) (Moberg). 
CrpCl^ was also obtained by heating CrCla.xHp 
to 150®-260®, and by long-continued digestion of 
Cr.Pj.xHp with cold dilute HClAq (Lmwel ; 
P6Ugot). 

CrOC1.3Hp was obtained by adding BaOPjM 
to CrCljAq until the pp. no longer dissolved, 
evaporating, treating the residue with alcohol 
(BaCl, remained), evaporating to dryness at 100® 
and drying at 120® (P^ligot) ; the same com- 
pound was obtained by boiling CrClaAq with 
Crp^.ajHp (B6ohamp). 

Chromium, oxyfluoride of, CrOFj. Said to 
be obtained by reaction between PbCrO^, CaF^, 
and H.pO^ {v. Oliver!, O. 16, 218). 

Chromium, phosphide of, CrP. Mol. w. un- 
known. S.lJ. 4‘68. 

t Foimation.—l. By strongly heating CrP04 
with C (H. Rose, P. 34, 333)-2. By passing 
PHj over hot CrCi, (H, Rose, l.c.). 

Preparation. — Pieces of P are placed in the 
closed end of a tube of very infusible glass ; dry 
KprO^ is placed at a little distance from the P. 
The KprO^ is heated to redness ; the P is then 
heated so that the vapour passes over the 
Kpr04 ; much heat and light are produced 
during the reaction. The product is treated 
with HP, which dissolves out K phosphates and 
leaves the CrP (Martius, A. 109, 82). 

Properties and Reactions.— A. grey-black, 
crystalline, mctal-like powder ; insoluble in all 
acids ; heated in 0, burns to CrPO^ ; Ifcatcd in 
Cl, forma PCI3 and oxidised by molten 

KOH with avolution of H, and hj molten KCIO, 
with evolution of Cl. 

Chromium, salts of. Compounds obtained 
by replacing H of acids by Cr. Two series of Cr 
salts exist ; chromous salts CrX.,, and chromic 
salts CrXa, where X = C1 <&o., ^4 &o., PO4 &o. 

, 2 8 

The V. D. of two compounds of Cr, viz. CrOpi, 
and CrClj, have been determined ; from this, 
and the S.H. of Cr, the value for the atomic 
weight of the element is found to be 62'4 ; the 
simplest formulae that can be given to the salts 


of Or (Cr » 52*4) are Crl^ and CrX„ but thesu 
formulm do not necessarily represent the com- 
position of gaseous molecules. 

Chromous chloride, CrCl,, is the starting- 
point for preparing moat of the chromous salts ; 
these salts are red or blue, and soluble in water ; 
they vyy quickly absorb 0, becoming chromic 
salts; They also absorb NO, and also C^BL, (Ber- 
thelot, A. Gh. [4] 9, 385). The most stable 
chromous salts at present known are the sulphate 
CrS04.7Hp, blue crystals isomorphous with 
FeS047Hp ; the acetate Cr(C.^H302)2.Hp, red 
trimetric prisms ; and the oxalate CrCP4, yellow 
crystalline powder, more stable than any other 
chromous salt. (For more details of individual 
salts V . Acetates, Carbonates, Borates, Oxal- 
ates, Phosphates, Sulphates, Sulphites; al.sq 
Chromous bromide, Chloride, Hydroxide, Sul- 
phide.) , 

The normal chromic salts, CrXa, are obtained 
by dissolving CrjOy.scHp in acids, or by double 
decomposition from soluble chromic salts ob- 
tained in this way ; these salts may be regarded 
as derived fronf the hydroxide Cr^O^Hg. Nu- 
merous basic salts also exist, many deriv^ from 
the hydroxide Cr20.04H4 (v. Chromic hydroxides). 
The starting-point in the preparation of chromic 
salts is usually KjCrjO, ; a solution of this salt 
is heated with HClAq, or H2S04Aq, and a re- 
ducing agent (commonly alcohol or SO^Aq); 
CrCljAq or Cr.,3S04Aq is thus obtained ; addi- 
tion of NH3Aq‘pps. from which the 

chromic salts are obtained by the action of acids. 
Very many chromic salts exist in two forms, one 
violet to red, the other green. In some cases 
both varieties are known in the solid form and 
with the same composition, e.g. rod and green 
Cr23S04; in other cases only a violet salt is 
known in crystals, but a green solution is obtain- 
able from tliis. Aqueous solutions of most of 
the violet salts when boiled become green ; 
many of these solutions become red or violet 
again on cooling, sometimes only after standing 
a long time. Only the violet, or red, solutions 
yield crystalline salts ; the green solutions give 
amorphous, gummy solids on evaporation. Vari- 
ous hypotheses have been suggested to account 
for these colour-6hanges. The change does not 
seem to be due to hydration and dehydration 
(Schrotter, P. 63, 613), as dehydrating agents 
do not effect the change from red to green 
(Boyer van Cleeff, J. pr. [2] 23, 68). The experi- 
ments of Kruger (P. 61, 218), Siewert {A. 126, 
94), and Boyer van Cleeff IJ.pr. [2] 23, 68) seem 
to show that in some cases at any rate, e.j/. 
chrome-alum, ilio normal violet salt is partially 
decomposed, on boiling, into basic salt and acid, 
and that on cooling the normal (violet) salt is 
re-formed. Van Cleeff dialysed a green solution 
*of chrome-alum, and found the dialysate to con- 
tain free H2SO4, and the liquid in the dialyser 
excess of Cr^Oa ; he also dialysed a violet solu- 
tion of chrome-alum, and found the same com- 
position in the liquid, both inside and outside 
the dialyser. The same chemist also found that 
the violet solution became green on addition of 
a little KOH, NaOH, NH„ or alkaline carbonate ; 
and that a little acid sufficed to reproduce the 
violet colour. For details of individual salts t). 
the arts. Oarbonatbs, BonilBS, Nitbatbs, Sut 

FHATBS, (ko. (ko. 
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Chromium, oelenidoB of, CrSe and Cr^Soj. 
Moiasan (0. E. 90, 817) describes these com- 
pounds as clack powders ; Or^Se, obtained by heat- 
ing Cr20g in Se vapour, or CrCl, in H .Se ; CrSe ob- 
tained by heating CrjSe, in H, or CrCla in H^Se. 

Chromium, sulphides of, Cr and S cofnbine 
when heated together to form Ci\S,, ; tli^ same 
sulphide is produced by heating Cr.O„ CiOI., 
CrO„ &c., in H^S. No sulphide of Cr, but only 
CrjOg.xH^O, is produced by the action of 
alkali sulphides, Ac., on solutions of Cr salts. 
Cr^S, is reduced by H to CrS. The sulphide 
CrgS^ has also been obtained. Phipson (C. N. 4, 
126) stated that a heptaaulphide Cr^S, exists ; 
but this has been disproved (v. Bender, B. 20, 
766). Compounds of Cr.jSg with ZnS, MnS, FeS, 
&o., are obtained indirectly, e.g. Zn8.Cr._,S3 ; 
CrjSj therefore resembles Cr^Og inasmuch as it 
acts as a feebly salt-forming sulphide towards 
more positive sulphides. 

l. Chromic sulphide Cr^S^. Mol. w. un- 
known. S.G. 3-77 (Schafarik, J. 1803. 22;>). 
Preparation. Dry H.^S is passed over Cr20, 
heated to about 440*^ *, the pro(fact is powdered 
and again heated in HjS, and finally washed 
with HjO, and dried at 100^ (Moissan, C. It. 90, 
817). Cr^Sg is also obtained by the action of 
HgS on hot CrClj (Liebig, P. 21, 359) ; or on 
CrgdSOf (Traube, A. 66, 87); or by strongly 
heating CtjOj in CSj (H. Rose) ; or K.,Cr.07 in 
eSa (Schafarik, J. pr. 90, 9 ; Muller, P. 127, 404); 
or by heating Cr^Og.ojHjO with S, in absence of 
air ^erzelius). 

Properties and Reactions. — Brown-black, 
lustrous powder, steel-grey if fused; not attacked 
by acids, except HNO,Aq and aqiia regUi, wiiich 
dissolve it. Heated in air, gives SO.^ and Crpa ; 
in Cl, gives S.^Clj and CrClg ; with molten 
KNOg, KjCr04 and K^SO^ are formed; heated in 
H, gives off H^S and S, and CrS remains (Mois- 
san, C.R. 90, 817). 

Combinations. — Cr^Sg is not acted on by 
EOHAq or K^SAq ; but by heating K^CrO^ with 
KgCO, and S, and washing with water, greenish- 
black crystals (S.G. 2'7y) are obtained, which 
are easily soluble in HNOjAq ; these are proba- 
bly #oompound of KjS and Cr^Sj (Kopp, C. It. 
19,1166; Schafarik,/.^. 90, 9). By heating 
Cr,0,.a!E[jO, MO-aH^O (or M^Og.xH.O), and S, 
in S vapour, and .then in Cp^ until no more S is 
given off, GrSger {Site. W. 81 [2nd part], 531) 
obtained compounds of the form MS.Cr^S.,; 
M ■» Zn, Fe, Mn. (v. Chromium, tiiioacid ok). 

II. CnROMous suLifHiDE CrS. Mol. w. un- 
known. A black powder, produced by heating 
Cr^S, in H, or by heating CrClj in HjS at 440'^ 
(Moissan, C.R. 90, 817). Unchanged by heating 
in absence of air ; heated in air Cr.^Oa and SOj 
are formed ; heated in Cl, gives CrClj ; scarcely 
acted on by acids. 

m. Chromium tetrasulphidk CrgS^. Mol. w. 
unknown. A greyish-black jf^owder insoluble 
in EfjO ; slightly soluble in cone. HClAq, easily 
in cone. HNO,Aq. Prepared by heating dry Cr^O., 
thoroughly mixed with excess of well-powdered 
S in H until no more S is given off, again mix- 
ing with 8 and again heating in H (Grdger, Site. 
W. 81 [2nd part], 631). 

Chrominm, suipbocyanides of, and derivatives 
of tlie»e compoundf, v. Bulphootanides, under 
Cyanides 


Chromium, thioaoid of. No tbioaoid of^Cr 
is known; but Cr^S, behaves towards some more 
positive metallic sulphides as a salt-£ormir\g 
sulphide ; in respect it may be regarded as 
the thioanhydride of hypothetical thiochromous 
acid, H.^Cr^S,. GrSger {Site. W. 81 [Had part], 
,531) obtained the thiochromite» ZnCr^S,,' 
I FeGi\,S„ and MnCr.jS,, by heating mixtures of Cr 
liy<lroxido and hydroxide of Zn,F0, orMn, with 
S, for some time, then powdering and heating 
in S vapour for several hours, and finally heating 
in CO^ until S T^as no longer Luven off. These 
thiochromites are dark-brown nr black powders, 
insoluble in H^O and HClAq, soluble in HNO.Aq 
and aqua regia. M. M. P. M. 

CHROMIUM GROUP OF ELFMiXiTS.— C/^ ro- 
miiDu, Molybdenum, Tungsten, Uranium. — Tliese 
four metals were discovered towards the end of 
the eighteenth century. None of them is found 
in the free state in nature, and the minerals in 
which their salts occur are all comparativsiy 
rare. Chromium was obtained in 1797 by 
Vauquelin from a mineral now known to con- 
sist chiefly of lead chromate; in 1782 Hjolm 
prepared molybdenum from an acid earth -like 
compound, which Beheeie had obtained four 
y<>ars earlier from molybdenum-glance, a sub- 
I stance until then supposed to be the as 

galcua ; three years after the preparation of 
molybdenum a new metal w;^ obtained by the 
brothers d’Elhuyar, by deoxidising an acid which 
they had prepared from the mineial wolfi'amite. 
This acid was shown to be identical with that 
which Scheelo had made in 1781 from the 
Swedish mineral tungstein, hence the new metal 
was called tung'sten, or by .some chemists wolf- 
ram. Uranium was the name given by Klapi oth 
to a new metal obtained by him 1789 from 
1 pitchblende. 

I Chromium, molybdenum, and tungsten are 
j obtained by reducing the oxides of these metals 
i by carbon at a high temperature ;, uranium is 
prepared by removing chlorine from thochlori^^o 
, by means of sodium. These metals are very hard 
j and very infusible; uranium is fairly malleable; 

[ the others are brittle. The table on p. 169 pre- 
j .sents the ])rominent physical and chemical pro- 
I perlics of the chromium metals. 

I General formuhe and character of salts. 

' M(),M.0„M0.3,M0,; MS,M..S„MS„MS„MS,; 

I MCL, MCI3, MCI,, MCI,, MCI,, ; H ,M,0„ 

! Ac. The lowest oxides, MO, are scarcely known ; 

I hydrates of these oxide.s, wlieii M = Cr or Mo, ap- 
I pear to exist; a few chromous salts, c.g. 

\ CrS047H20, exist, but arc unstable, and easily 
1 become chromic saTts. Sesquioxide.Sj M^Oj, of 
' Cr and Mo afe known ; ^le former dissolves in 
acids with production of well-marked salts, the 
chromic salts, CrliNOj, Ci22P04, Ac. ; 

the latter is easily oxidised to MoO^, when moist 
it dissolves in acids, but no definite salts have 
been obtained from such solutions. Dioxides, 
MOj, of all the metals of the group have been 
prepared : of these, CrO,j is the least stable to- 
wards heat or the action of acids, it parts wth 
oxygen at 30Q°, and dissolves in acids apparently 
without deoxidation, but without producing defi- 
nite salts ; MoOj and WOj also dissolve in acids 
and produce salts, which, however, have scarcely 
been obtained in definite crystalline form; the 
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fioli^tionti of M0O9 readily take up oxygen from 
the air; both oxides, when heated, are oxidised 
to MO, ; UO 2 dissolves in acids to form a series of 
ifranous salts, e.g, U(SO Jj, which are fairly easily 
oxidised to uranyl salts, e.g. ; when this 

oxide is l^ated it becomes UsOh. The oxides MO, 
are all anWdrides ; the mono-hydrated oxides 
MOjHjOif fl'Ct as dibasic acids, forming 

salts XoMO^ ; several series of salts derived from 
more complex hydrates of MO, are also known, 
c.g. X„M,,0„ X2M,0,o, X.MjO,,, <&c., in the case of 
each metal except Cr these di- tri- or tetra-salts 
are more distinctly marked than fte salts X^MO,. 
The anhydride CrO, combines with some normal 
salts, e.g. KoCr04Cr0a, and also with a few anhy- 
drides, e.gr. C*0,.3S0,; when dissolved in warm 
acids it forms chromic salts (CraSSO^, <fec.) with 


evolution of oxygen. The anhydrides MoO, and 
WO, form a series of complex compounds with 
anhydrides and water ; e.g. 

P2Os.20MoO,.38H2O ; Si02.12MoO,.26H,0 ; 
P,0,.24W08.6H20; P20,.22W0,.6H20, &o. &o.; 

MoO, |l 80 combines with SO, to form M 0 O 3 SO, 
(? MoO^SOJ. The anhydride UO, dissolves in acids 
to form uranyl salts, e.g. UOjSO^, U 02 (N 0 .,) 2 , (fee., 
which aro more stable than the uranous salts 
derived from UO,. The metals of the chromium 
group form several other oxides intermediate be- 
tween those briefly described, e.g. Cr^O, interme- 
diate between Crp, and CrO,, WjO, and W 4 O,, 
between WO, and WO„ U.^O, and 0,0, between 
UO, and UO,: there are also indications of the 
existence of a more oxidised oxide than CrO, 



CllllOMIUM. 

MaLYlJl)l',?^UM. 

Tuxosms. 

Uranium. 

Ak>mic 

Weights. 

62-4. 

95-9. 

183-C. 

239. 

One or more compounds of each clement have bc^ gasified ; specific heats have 
been directly determined. Molecular weights unknown. 

Melting 

j^oints. 

Abo \0 m.p. of Pt 
(which is 2 UO 0 '^- 
2000 '’). 

Infusible at full 
white heat. 

Softens and agglo- 
merates at white 
heat. 

A full red-heat. 

Spee. grav. 

^ G'O 6 ’ 8 . 

8-5-.a-6. 

18-2-19-2. 

18-4-18*7. 

(approx.). 





Specific heats. 

0*10 (? too low). 

0 OOh 

0'0334. 

0028. 

Atom, weight. 

7*7. 

11'3. 

9-7. 

12‘9. 

Spec, grav, 
(approx.). 





Occurrejice 

Occurs chiefly as 

Occurs in small 

Occurs very spar- 

Sparingly distri- 

and 

chrome - iron- 

quantities as ox- 

ingly as tung- 

buted as oxide in 

preparation. 

Ltone, PeO.Cr.U,, 
in which Fed is 
moro or less re- 

ide and sulphide, 
also as lead or 
cobalt molyb- 

state ‘ of Ca, of 
Fo and Mn, and 
of Pb, also as 

pitchblende, as 
uranite of Ca and 
of Cu, as carbon- 
ate of U and Ca 

* 

placed by MgO 

date ; obtained 

oxide ; obtained 

• 

Ac., and CrjOjby 
Alp, Ac,; al^ as 
lead chromate, 
Ac. ; not widely 
diffused ; ob- 

tained by deoxi- 
dising Cr.p, by C, 
or removing Cl 
fiom CrCl, by 
means of KorZn, 
or by electrolys- 
ing a solution of 
CrCl, containing 
CrCl,. , 

by reducing the 
oxide or chloride 
by II, or the ox- 
ide by C or by 
KCN. 

by reducing the 
oxide or chloride 
in hydrogen. 

• 

Ac.; obtained by 
reducing the 
chloride by 

means of sodipm. 

Physical 

Very hard ; brittle ; ' 
crystalline pow- 

Aslfen-grey powder, 

Resembles iron in 

White, lustrous ; 

properties. 

or, when com- 

colour and lustre; 

hard, softer than 

• 

« 

der composed pf 
small, brilliant, 
tin-white crys- 
tals (? rhombo- 
hedra) ; descrip- 
tions of proper- 
ties diffpr consi- 
derably, probably 
the metal has not | 
been obtained in i 
approximate pu- 
rity. 

pressed, a silver- 
like, lustrous, 
hard, brittle, in- 
fusible metal. 

very hard, and 
brittle; also ob- 
tiftned asl brown 
amorphous pow- 
der; form 8 a very 
hard durable 

alloy with iron. 

steel; somewhat 
malleable, but 
cannot be beaten 
into thin plates ; 
also obtained as 
a grey - black 
powder. 
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OHBOmUM. 


Molybdrnitm. 


Tunostbn. 


Urakiuiu 


Chemical Burns in stream of 
^operties. 0 ; somewhat 
more stable in 
air than iron; 
heated in air be- 
comes covered 
with very thin 
film of oxide ; 
oxidised by mol- 
ten KNOj or 
KCIOj.but not by 
molten Na^COa 5 
easily dissolved 
by dilute HClAq 
or K^SO^Aq, hyit 
not attacked by 
hot concentrated 
HNOgAq; com- 
bines easily with 
Cl and I when 
heated ; decom- 
poses steam 
slightly at a red 
heat : forms a 
well-marked cy- 
anide CrCys. 
Replaces H of 
acids forming 
two series of 
salts ; trioxide 
acts as an anhy- 
dride, forming 
chromic acid 
HXrO^, from 
which many salts 
are obtained ; 
Cr.p, also forms 
salts (chromites) 
by heating with 
ZnO, <fec. Atom 
of Gr is trivalent 
in CrCl,. 


Not oxidised in air 
at ordinary tem- 
perature, but 
burns at low red 
heat; unacted on 
by HCl, HP, or 
dilute HjSO^Aq; 
dissolves in 
cone. HjSO^ ; 
oxidised to MoO., 
byKNO^Aq; oxi- 
dised by molten 
KOH, but not 
attacked by hot 
KOHAq; com- 
bines with Cl to 
form MoClj when 
heated ; also 
with Br to form 
MoBrj and 
MoBr„ but not 
with I ; forms a 
nitride (?M0jN..) 
when M0CI5 is 
strongly heated 
in NH3. Salts 
in which H of 
acid is replaced 
by Mo scarcely 
known ; M0O3 
acts as anhy- 
dride of HjMoO,, 
from which acid 
several series of 
salts are ob- 
tained ; MoO, 
also combines 
with acid radi- 
cles, e.g, SO,, 
P„Oj, &c. Forms 
many oxyhaloid 
salts. Atom of 
Mo pentavalent. 


Unchained in or- 
dinary air, but 
burns in air at 
red heat; com- 
bines with Cl 
only at a high 
temperature, to 
form^WCly; dis- 
solves in boiling 
cone. KOHAq to 
form K tungstate 
with production 
of H ; oxidised 
to WOj by hot 
HNO,Aq, 

11 .SO,Aq, or 
HGlAq ; forms a 
nitr i damide, 
W,N2.W2NH2,by 
heating WCl, in 
NH3. Does not 
appear to form 
salts byreplacing 
H of acids; WO, 
is the anhydride 
of the acid 
HgWO,, which 
yields several 
series of salts ; 
WO, also com- 
bines with acid 
radicles, e.g. SO3, 
SiO.^, d’C. Forms 
many oxyhaloid 
salts. Atom of 
W penta- and 
hexa-valent 


Slowly tarnishes in 
%,ir; oudised at 
160°-a(ro° in air, 
with evolution of 
light and sparks; 
combines with Cl 
or Br when 
heated to form 
and UBr, ; 
very slightly at- 
tacked by iodine 
vapoiir ; heated 
lin S vapour 
forms US.; dis- 
solves in warm 
dilute H.SOjAq, 
with evolution of 
H, easily ^n 
ilClAq, also in 
HNO|Aq (when 
melted and 
cooled it is 
nearly insoluble 
in UNO,); does 
not decompose 
water; a nitride 
(?UsN,) formed 
by heating UCI, 
mixed with 
Nil, Cl in NH,. 
Forma two series 
of salts, uranous, 
e.g. U(SO,),, and 
urnnyl, salts, e.g. 
UO,(SO,) ; U6, 
is the anhydride 
of HjUO,, from 
which several 
saltl* are derived, 
the most marlfed 
being MjU.O,. 
Atom of U tetra- 
valent. 


(? Cr,0,), and the oxide is said to have been 
obtained in the hydrated state. 

The sulphides MS, (M = Mo, W) are acidic ; 
solpho-salts of the form H^MS^ are known. 

Of the haloid cogipounds of these metals the 
following have been obtained as gases : CrClj, 
MoCl^ WCI5, WClj, UCl^, UBr^; the formula) of 
these compounds represent the relative masses 
of their molecules. It is said that GrF, has also 
been prepared in the state of gas, but the e^- 
dence is very doubtful ; the oxychloride CrOjClj 
is an easily gasifiable body. Of the haloid com- 
pounds, CrCl, and UCl, are* obtain^ by heating 
a mixture of CtjO, and C, or of UO, and C, in a 
stream of Cl gas ; the former compound is very 
stable, the latter is reduced by strongly heating 
to UC1„ which is again reduced to UCl, by heat- 
ing in hydrogen. When Mo or W is heated in 
chlorine, in the one case M0CI5 and the other case 
W Cl, is produced, the other chlorides are ob- 
tained by beating these in H or in CO,. All the 
metals of this group readily form oxyhaloid salts. 


Chromic chloride is a particularly interesting 
compound ; it exists in two varieties, one (green) 
soluble in water and scarcely erystallisable, the 
other (violet) obtainable in well-formed crystals, 
but with difficulty soluble in water ; some other 
chromic salts seem also to exist in two varieties, 
e.g. the sulphate Cr,3SO, (v. Cukomium, chlor- 
IDK8 OP, p. 162). !At least seven series of double 
compounds exist containing chromium, am* 
monia, and acid radidle (Chromium, amuonio- 
BALTS OF, p. 1^8). ^ 

Of the four elements under consideration 
only Cr and U form well-mark^ salts by re- 
placing the hydrogen of acids ; tnese salts are 
not, however, analogous in composition or pro- 
perties. The chromic salts are for the most 
part isomorphous wj^h the salts of aluminium 
and the persalts of iron ; the composition of these 
three groups of salts is also similar, e.g. M^SSOi 
where M»Cr, Al, or Fo. The uranyl salts— 
UO.SO„d:c.— to a certain extent stand by them- 
selves, although we know of many so-called 
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baaio aalti of ohromium, iron, copper, <&o., which 
resemble the uranyl salts in containing oxygen 
as well as metal and acid radicle. 

Of the trioxides, MO„ it may '•certainly be 
said that t^ most floidio in character is CrOg, 
and the leai^ acidic is UO, ; this is in accord- 
ance with the general rule that the higher oxides 
of the elements in the same group (as grotip is 
used in the nomenclature of the periodic law) 
become less acid in character as the group is 
* asoeudod. 

The four elements all show dfstinct analo- 
gies with S, Se, and Te, which occur in the same 
group but in odd scries ; e.g. existence of acids 
MO, (OH),, and of anhydrides MO,, &c. ; but 
these three elemedts are more distinctly non- 
metallio in their properties than Cr, Mo, W, or U. 
The elements of the chromium group, as well as 
the three elements S, Se, and Te, show analogies 
with that element which is the first odd series 
menffber of the group, viz.^ oxygen {v. Classifi- 
cation, p. 207 ; mlso Oxygen Group op Ele- 
ments. For detailed accounts of the proper- 
ties of the elements of this group and their 
chief compounds v. Chromium, Molybdenum, 
Tungsten, Uranium, and for the other salts of 
these metals, v. Carbonates, Nitrates, Sul- 
phates, &c. M. M. P. M. 

CHEOMTL CHLORIDE CrO,Cl, v. Chromium, 

OXYCHLORIDES OP, p.*166. 

CHRUSOCREATININE C^HsN^O. A feebly 
alkaline substance said to occur in muscular 
tissue (Gautier, Bl. [2] 48, 18). Its solutions 
are ppd. by HgCl,, by ZnOl,, by iodine dissolved 
in aqueous KI,andby sodium phosphomolybdate. 
It forms a deliquescent hydrochloride and a 
crystalline platinochloride. 

CHRYSAMMIDIC ACID v. Tetra-nitro-oxy- 
amido-anthraquinone. 

CHRY8AMM1C ACID v. Tbtra-nitro-di-oxy- 

ANTHRAQUINONE. 

CHRYSABUINE U. 



Di-amido-phenyl-acridine. 


NH, 

[267^^-270°]. A by-product in the manufacture 
of rosaniline. Discovered by E. 0. Nicholson 
and investigated by Hofmann (C.i2. 55, 817; H.2, 
379), who prepared methyl ethyl and phenyl 
derivatives. 

Preparaticm. — Commercial ‘ phosphine,’ 
which is ohrysaniline nift-ate, is dissolved in hot 
water, cooled^and slowly added to dilute NaOH. 
The base separates as a bright yellmfr flocoulent pp. 
It is dried at 100° and crystallised from benzene, 
which retains homologues in the mother liquid 
(O.Fiacher a. G. Kfirner, A. 226, 177 ; B. 17, 203). 

Synthesis. — By oxidising opp-tri -amido-triphe- 
nyl-methane r2:llNH,.0,H..0H(C„H^,NH,[4:l])j, 
which is obtained by redudlion of the product of 
condensation of o-nitro-benzoio aldehyde with 
aniline. 

Properties. — Golden plates (from benzene) 
C„H,jNj,C,H„. The benzene of crystallisation 
is easily expelled. Golden needles of Oi,H,(N,2aq 



(from alcohol). Much less soluble in alcohol 
than its homologues. When pure it does not 
clot together when heated with NaOi In small 
quantities it may be distilled without decompo- 
sition. It dyes wool and silk yellow. 

Reactions. — 1. Heated with cone. HCl 
(8 vol3.)^t 170°, NH, is exchanged for OH and, 
on cooling, large red prisms of the hydrochloride 
of chrysophenol separate. These dissolve in 
NaOHAq, but on exactly neutralising, oh ry so - 
phenol CipHi^NjO, separates as an orange pp., 
si. sol. water, ether, or benzene, but v. sol. alco- 
hol. From dilute alcohol it crystallises with 
2aq. It is a yellow dye and a strong base, form- 
ing acid and neutral salts. It is insol. aqueous 
NaUO;,, but sol. aqueous NaOH (0. Fischer a. 
G. Kdrner, A. 22G, 181). — 2. By diazotisation 
and treatment with alcohol it is converted into 
phenyl-acridine. * Ohrysaniline (10 g.) dissolved 
in HjSO^ (50 g.) and water (4 g.) is well cooled 
and treated with nitrous acid gas in excess. The 
product (containing the diazo-sulphate) is slowly 
poured into boiling alcohol (600 g.). The alcohol 
is distilled off and the residue mixed with water 
and distilled with steam at 200°-250°. Phenyl- 
acridine [181°] passes over. 3g. pure chrys- 
aniline gave 1 g. phenyl-acridine, or 40 p.c. of 
the theoretical yield.— 3. Mel gives CgoH,8Me,N,Ij, 
which separates from water in red needles. NH, 
converts it into C^oHj^MejN,!, whence AgjO 
forms C^yH^MejN,, a brown amorphous powder. 
EtI acts in the same way. 

Formation in the rosaniline melt : This can 
be explained by two hypotheses; (1) That in 
the condensation of p-toluidine (1 mol.) with 
2 mols. of aniline, together with the ordinary 
para-condensation producing rosaniline, a con- 
densation simultaneously takes place which is 
partly ortho and produces o-di-p-tri-amido- 
methane, which by further oxidation yields 
chrysaniline — 



(2) That o-di-p-tri-amido-methane is produced 
by condensation of 1 mol. of o-toluidine with 2 
mols. of aniline. This latter hypothesis is the 
most probable and is supported by the above-men- 
tioned synthesis (Fischer a. Kbrner, B. 17, 203). 

Salts. - B'2HC1. — B'2HCl aq.— FHCl. — 
B'HNO,.-B'2nNO,. 

» Picric acid compound 
B'(CA(NO,),OH), aq (at 100°). Bed needles. 

Di-ace five C,9Hj,N(NHAo)r — 

Microscopic needles, dissolves in alcohol with a 
blue fluorescence, nearly insol. water. It is 
nearly as strong a base as chrysaniline itself 
and forms salts which greatly resemble the 
corresponding salts of chrysaniline. — B'HOl : 
soluble yellow microscopic needles, dyes wool 
and silk yellow. — B'HNO, : sparingly soluble 
crystalline pp. (Anschutz, B. 17, 438). 

GHBYSANISIC ACID v. Di-hxtbo-ahzdo- 

BENZOIO A0n>. 



m 


OHRYSAROBIN. 


CHRYSABOBIN U. 

6 [170^-178°]. 

I 

C.H.(OH)<™oH)>C.Ha(CH.)(OH) ^ 

Ooours in Goa powder (also called arrarobo 
powder) to the extent of about 70 p. c., from which 
it is extracted with CjHg, Small yellow leallets, m. 
Bol. benzene, CHC1„ and acetic acid, si. sol. alcohol 
or ether, insol. water. Insol. NH,Aq (difference 
from ohrysophanio acid). By leading air into the 
solution in KOH, ohrysophanio acid is formed : 
0,oH2e07 + 203«»2C,sH,pO^ + 3H20. By distilla- 
tion with zinc dust it yields methylanthracene. 

Di -acetyl derivative. Light yellow 
leaflets. 

Tetra- acetyl derivative [228'^-230^]. 
Yellowish prisms; si. sol. alcohol with a blue 
fluorescence. By oxidation with CrOj it gives 
di - acetyl - ohrysophanio acid (Liebcrmann a. 
Seidler, B. 11, 1603; ^.212, 25) -, cf.Bc Silva, 
Ph. [3] 6, 723 ; Holmes, Ph. [3] 5, 801). 

CHEYSATIC ACID C„H,,,N,p,« (Mulder, 
J.pr. 48, 16; A. 72, 289) or CioHi.-NPi, (Sclmnok, 
A. 66, 240). An acid obtained by heating chrys* 
ammio acid with aqueous KOH. Sol. water. 

CHEYSATEOPIC ACID [202°]. 

S. (hot water^ 1*3. An acid extracted by ether 
from an acidified infusion of the root or leaves 
of Atropa belladonna (Kunz, Ar. Ph. [3] 23, 722). 
Pole yellow trimetric prisms ; may be sublimed. 
SI. sol. cold water. Its alcoholic solutions ex- 
hibit green fluorescence. 

CHEY8AZIN v. Di -OXY--VNTni{AQUINONE. 

0HBY8AZ0L v. Di -OXY-ANTHRACENE. 

c,oH,.cn 

CHEYSENE 0„H,3 i,e. | ! . Mol. w. 

C,H,.CH 

828, [250°]. (above 360°). S. (alcohol) *097 at 16°; 
•17 at 78° ; S. (toluene) -24 at 18° ; 6'39 at 100° 
(Bechi, B. 12, 1978). V.D. 7*95 (calc. 7-89). 

Occurrence. — In coal-tar, in petroleum, and 
in the product of the dry distillation of fats, fir- 
woo^. amber, and resins (Laurent, A. Gh. [2] 60, 
186; Berthelot, Bl. [2] 7, 30; J. 1867, 605; 
Pelletier a. Walter, A. 48, 345; Williams, J.pr, 
.67, 248; Adler, B.12, 1891; Prunier, A. Gh. [5] 
17, 6). 

Formation. — 1. By passing naphthyl-phenyl- 
ethane through a red-hot tube (Graebe a. Bun- 
gener, B* 12, 1079).— 2. The statement that 
chrysene is among thb products of the passage 
of benzene through a red-hot tube has been con- 
tradioted.^erthelot, J. 1867, 605 ; Bl. [2] 7, 30 ; 
22, 437; v. Schultz, B. 6, 416).— 3. Among the 
products obtained by passing benzone-azo-beu/i- 
ene through a red-hot tube (Claus a. Suckert, B.* 
8, 87). ^ 

Properties. — Colourless sfales qf Hat tri- 
metric octaliedra (from benzene) ; a:b:c=: 
1:1*376: 2*490 ; v. si. sol. alcohol, si. sol. ether 
and cold CS;, m. sol. boiling benzene and HOAc. 
The solutions as well as the crystals exhibit deep 
reddish -violet fluorescence. Hot cone. H^SO, 
forms a blue solution (Liebcrmann, A. 158, 299). 
CrO, in HOAc gives chrysoquinone (g. v.). By ex* 
haustive chlorination with SbClj it yields CCl^, 
Cpl, and per-ohloro'benzene (Merz a*Weith,B. 
16 , 2881 ). 


Pioric acid compound 
C,8 H,jC 6H2(N0J80H. Eeddish-brown needlei 
(from crude xylene) (Galletly, G. JV.. 10, 243). 
Decomposed by alcohol. 

Di-iiitro-anthroquinotte compound 
C,«H,oChH,(NO,), 0,. [JJ04°]. Formed # dissolv- 
ing greenish-yellow commercial anthrifcene [208°] 
(6()g.) in alcohol (5 litres) and adding HNO, 
(30g. of S.G. 1*4), and boiling, lied needles ; 
V. si. sol. alcohol, other, and benzene. Tin and 
HCl reduce the di-nitro-anthraquinone, setting 
free pure chryf^eno, which ma^ conveniently bo 
prepared in this way. 

Di-chloro-chrysene C,yH,oCl.M [267°]. From 
chrysene and Cl. Soft whito needles (from 
benzene) ; v. si. sol. alcohol ; rLay be sublimed. 

Tri-chloro-chrysene 0,^1^013. [above 300°]. 
Slender needles (from benzene). From chrysene 
and Cl at 170° (Schmidt, J.pr. [2] 9,270). 

Di-bronio-chrysene C,JI,oBr2. [273°]. From 
Br and chrysene in CS,. White needles (frSrm 
benzene) ; v. si. sol. all mcnstrija. Not attacked 
by alcoholic KOII below 180°. KprjO, and 
H_.SO, oxidise it to chrysoquinone. 

Nitro-chrysene C,9n,,NO,. From chrysene 
and HNO, (S.G. 1*25) at 100°. [209°J. Thick 
prisma, grouped in stais (from bonzen.e). May 
be sublimed ; v. si. sol. alcohol, ether, and CS.^. 

Di-nitro-chrysene C,9n,„(N02)j. [above 300°]. 
From chrysene and boiling* HNO3 (S.G. 1*3). 
Slender yellow needles (from HOAc). V. si, sol. 
alcohol, ether, and benzene. 

Tetra-nitro-chrysene C,9H9(N02)3. [above 
300 "]. From the preceding and fuming HNOj. 
Yellow needles (from IIOAc). Detonates above 
300°. 

Tri-bromo-di-nitro-chrysene C,9n7(N02)2Brj. 
Yellowish-red needles. Sol. hot alcohol, less in 
C,1I,, and ether. Prepared by the action of 
buuiiiiio on tetra-nitro-ohrysene (Adler, B. 12 
1894). 

Isomeride of chrysene Ci^Hij.' [196], A 
by-product in the preparation of diphenyl by 
action of sodium bu bronio-benzcno (Schultz, A. 
174,2*29). Long needles (from alcohol). Is per- 
haps triphenyleno (Schmidt a, Schultz, A. 203, 
136). 

Isomerido of chrysene (?) OjsH,^. [186°]. 
A product of the action of AloCl,; on a mixture 
of naphtlialeno and phthalic anhydride (Ador a. 
Crafts, G. B. 88, 1355). Larainto (from ether- 
alcohol). Its brorao-derivative melts at 112°. 

CHRYSEUDIENE. A hydrocarbon, obtained 
in small quantity in the distillation of aluminum 
(^)-naphthol (Gladstone a. Tribe, G. J. 41, 16). 

CHEYSIN C„H^O,, Ghrysinic acid. [275°]. 
S. (cold tlcohol) '66 ; (hot alcohol) 2. Occurs in 
tlie buds of PopuLwt nig fa, P. pyramidaliSt and 
P. balsamifera (Piccard, B. 6, 884 ; 7, 888 ; 10, 
176). The aldbholic extract, afte^ successive 
treatment with lead acetate and H^S, is evapo- 
rated, and the residue recrystallisea from spirit 
and washed with alcohol, ether, CS^, boiling 
water, and boiling benzene. The residue is 
heated to 276°, and crystallised from spirit. 
Blight yellow plates. 'Insol. water, nearly insol. 
benzene, CSj, and chloroform. Aqueous alkalis 
form a yellow solution, but on boiling they split 
it up into phloroglucin, acetophenone, benzoio 
acid, and acetic acid. Lead acetate gives, in 
alooholio solutions, a pp. soluble in exoesa 
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PejCl, gives a violet colour in alcoliolio solu- j 
tion. 

Di-brorao-ohrysin Formed by 

adding Br’to an alcoliolio solution of clirysin. 
Felted mass of sil^ needles. 

Bi.clil|ro-cliryBin. Needles. 

Di-iodo-ihrysin C, Formed by add- 

ing iodine and iodic acid to an alcoholic solution 
of chrysin. 

Di-nitro-chrysin C, Ji^(N0.J..,0,. From chry- 
sin and HNO,. Large crystals (from hot HOAc 
or aniline). Forms an orange-red basic ammo- 
nium salt and a y«llow acid ammonium salt. 

Methyl derivative CiJIoMeO^. Tecto- 
chrysin. [1G4°J. From chrysin, Mel, and KOII 
dissolved in MeOIJ. Exists m poplar-buds toge- 
ther with chrysin, from which it may be sepa- 
rated by means of its much greater solubdity m 
benzene and chloroform. It is much less solu- 
ble in alcohol tlian chrysin. Largt* sulphur- 
yellow monoolinic prisms (from alcohol) ; a:b:c 
= 1^4:l;l-8() ; ^ = 63^. Insol. alkalis. It forms 
a di-bromo-derivafive. 

Ethyl derivative [140^^]. 

Iso-amyl deiivative C,,,II.,(C,,H,,)0,. 
[125"^]. Its di-bromo- derivative crystallises in 
needles. 

C,H,. 

CHRYSOFLUOEENE C.Jl.j i.c. | >C1I. 

V c„n/ 

[188®j. Silvery glistening tables. V. e. sol. 
ether, chloroform, and benzene, less sol. cold 
alcohol. Formed by heating chrysokotono with 
HI and P atl50"-100^ (Ijamberger a. Kranzfcld, 

B. 18, 1934). 

CoH,. 

Chrysofluorene alcohol I \CH(OU). 

c,ji./ 

[107°]. Formed by reduction of chrysoketone 
with zinc and HCl (IJ. a. K.). White silky 
needles or glistening plates. Sublimable. V. 
sol. alcohol, gtlier, and benzene, si. sol. ligroin. 
Its alcoholic solution is turned blue by addition 
of H..SO,. Strong Il.SOj dissolves it with a 
reddish-violet colour. 

CHRYSOOEN C. 94*3 to 95 p.c. ; H 6'7 to 5 
p.c. [280°-290°j. S. (cold benzene) '04; (boil- 
ing benzene) *2; S. (boiling llOAc) '05; (cold 
nOAc) '01. An orange-coloured hydrocarbon 
contained in small quantity in crude anthracene, 
and separated therefrom by repeated crystallisa- 
tion from benzene (Fritzsche, C. i'. ol, 910 ; Bl. 
[2] 6, 474 ; Prunier, BL [2] 31, 293). Orange 
tables with green lustre ; may bo sublimed. 
Cone. H.^SO^ dissolves it without change. Small 
quantities colour white hydrocarbons yellow. 
Its solution is bleached by sunlight, lyorms, 
with di-nitro-anthraquii)pne, a comjiound ciys- 
tallising in olive needles witli golden lustre. 

CHRYSO^YCOILIC ACID * 

f * \c(OH)^COaH. White powder. Formed 

C. oH/ 

by boiling freshly precipitated amorphous chryso- 
quinoiie with alkalis (Bamberger a. Krauzfeld, 
J5. 18, 1938). , 

CHRYSOIDINE v. Bemcne-Kzo-m-phenylene 
diamine, 

C H 

CHRYSOKETONE l" GHs* 

Ci«h/ 


tening red needles. Scarcely volatile with 
steam. V. sol. the ordinary solvents. Formed 
by the oxidation of ohrysoglyoollio acid 
9An 


.C(OH).CO,H with K.,CrjO, and HjSO, 


C„H/ 

(Bambqrger a. Kranzfeld, B. 18, 1933). 

CHRYSO-NAPHTHAZINE Ca,H„N, i.e. 

I NOmH^. Formed by mixing a solu- 
\n/ 

tion of ohrysoquinono in aqueous-alooholio 
NaHSOg with an aqueous solution of naphthyl- 
cnc-o-diamine hydrochloride, sodium acetate, 
and acetic acid. Yellow microcrystalline pow- 
der (Liebermann a. Witt, B. 20, 2443). 

CHRYSOPHANIC ACID v. Di-oxv-methyl- 

ANrnUAQDlNONE. 

CHRYSOPHANIN. A white amorphous sub- 
stance said to bo contained in the aqueous 
decoction of senna leaves (Bourgoin, C. B. 73, 
1449). 

CHRYSOPHmOL C,eH,jN,0. Oxy-amido‘ 
phniyl-acridine. Formed by heating chrysani- 
line with HCl under pressure at 180°, NHj being 
replaced by Oil (Fischer a. Korner, B. 17, 205). 
Small yellowish-red needles (containing aq). SI. 
sol. water, benzene, and ether, v. sol. alcohol and 
caustic alkalis. The hydrochloride and sul- 
phate form sparingly soluble yellow crystals. 

CHRYSOQUINCNE C„H,oOo i.e, 0,oH,-CO 

I I 

C„H,- CO 

CioUfi.C.O 

or 1 (I 1 . Mol. w. 258. [235°]. Occurs 

CJI,.C.O 

in American petroleum to which, according to 
Piunier (BL [2] 31, 293), it imparts the blue 
fluorescence. Obtained by oxidising chrysene 
with CrO, in IIOAc (Liebermann, A. 168, 309 ; 
Graebe, B, 7, 782; E. Schmidt, J.pr. [2J 9,250, 
270). Orange plates (from alcohol) ; m. sol. 
benzene and HOAc, si. sol. ether and CS^. May 
be sublimed. Cone. H.^SO^ forms a deep-blue 
solution whence it is ppd. unaltered by water. 
NaHSOj forms a crystalline compound, decom- 
posed by much water. 

Itcactions.—l. KMn04 gives phthalic acid 
(Anschiitz a. Japp, H, 11, 211).- 2. Distillation 
over zmc-diist forms chrysene. — 3. Aqueous SO^ 
at 100° forms hydro-chrysoquinone. This 
body is also formed by the action of zino-duat 
and aqueous KOII. It is an amorphous white 
powder, re-oxidised by air at 200°, or by shaking 
its solution in H;jS04 with air.— 4. PCI5 and 
POCl, at 200° form di-chloro-chrysoquii»ne and 
deca-chloro-chrysene. — 6. Distillation with soda- 
lime gives a hydrocarbon C,aH,j (? phenyl-naph- 
thalene).— 6. Heated with benzoic aldehyde and 
aqueous NH, in se^Jed tubes at lOO^it forms a 
product which, if boiled first with alcohol and 
then with benzene, yields to the latter a body 
crystallising in silky needles [269°- 
265°] which may be sublimed. The reaction is 
analogous to that of benzoic aldehyde and am- 
monia on phenanthraquinone (q.v.), hence this, 

body should be 0,aH,o^ |i ^C.Ph (Japp g, 

Streatfeild, 0. J, 41, 167). 



174 OHRYSOQUINONE. 

Di-eliloro.ohr3rBoqtiiiid]ie OjgHgOljO^. From metrioal tables, a:b:o => 1‘5838:1:‘9114 ; ▼. sol. 
obrysene POOl, and PCI, (2 mols.) at* 200° ; a alcohol, si. sol. water, scarcely soj. ether (Com- 
yellow floccnlent pp. is then oMained by adding stock a. Kcsnigs, B. 18, 1219). 
alcohol (L.). (o)-Cincl^ne-di-broniide [118°]. 

Di-bromo-ehrysoqtiinone OigHgErjOj. Bed Formed, together with aboq^ an equal quantity 
leaflets. [160°-166°]. Prepared by bromination of (i8)-cinohene-di-bromide, by th^addition of 
of chrysoquinone (Adler, B. 12, 1893). f bromine to cinchene (Comstock a. ^nigs, B. 19, 

Di-nitro-chrysoqtiinone C,8Hg(N02)o02.[230°]. 2868; 20, 2512). Monosymmetrical crystals, 
From chrysoquinone and HNO3 (S.G. 1*4) (A.). a:6:c =» *9570:1: *8686, 3 = 65° 62'. Converted by 
Bed needles. boiling with alcoholic KOH into dehydrocinchene. 

Tetra-nitro-chrysoquinone C,sHe(N02)402. The hydrobromide forms concentric needles ; the , 
From chrysoquinone and cold cone. HNOj. nitrate smaP colourless crystals, si. sol. dilute 
Orange powder (L.). HNO, ; the zinc-double Ghloride colourless 

Chrysoquinone di-sulphonio acid needles [c. 250°]. 

C,gHg(SO,H)20j.— BaA" (A.). (^).Cinchene-di-broinide C.^HjoN^Brj [134°]. 

Di-oxy-chrysoquinono C,gHg(OH)20j. Chrys- Formed, together with (o)-pinckene.di-bromide 
ezarin. [above 800°]. Said to. have been ex- [113°], and in about equal quantity, by the addi- 
tracted from crude artificial alizarin (Claus, B. tion of bromine to cinchene. Bhombic sphen- 
8, 167). Dark brown needles with bronze lustre oidal hemihedral crystals, a:bx =• •6652:1:1*2017. 
(from HOAc). Insol. cold water, sol. alcohol, Somewhat less sol. alcohol and ether than the (o)- 
ether, and alkalis. isoraeride. Like the (a)-i8omeride it is concerted 

CHBYSO-TOLU-AZINE CjsHigNj i.e. by boiling with alcoholic KOH into dehydrocin- 

Nv chene. The hydrobromide ftrms granular crys- 

I >OgH3(CH3). Pre[)ared by mixing a talsmore soluble than the (a) -hydrQbromide(sepa- 

ratiem). The zinc-double chloride forms colour- 
solution of chrysoquinone in aqueous-alcoholic less needles [c. 250°J. The nitrate separates in 
NaHSOg, with an aqueous solution of tolylene-o- the form of a jelly, si. sol. dilute HNOj (C. a. K.). 
diamine hydrochloride, sodium acetate, and Cinchene-bromo-hydride CigllxiBrNa. Hydro- 
acetic acid. Small goldeu noodles. Sublimable, bromcinchene. [106°-116°]. Formed by dis- 
Dissolves in ojne. HBO, with a blackish-violet solving cinchene in cooled.HBr and allowing to 
colour (Lieberraann a. Witt, J5. 20, 2443). stand for two days. Monoolinic crystals, 

CHbTSOTOLUIBINE CjiH.iNa (?). Found a:6:c =-- *8541:1: *8280, ^ = 63° 7'; isomorphous 
ampng the by-products in the preparation of with cinchene-di-bromido. V. sol. alcohol, ether, 
rosaniline (DeLaire, Girard, a.Chapoteaut,C.ii. benzene, chloroform, and acetic ether, si. sol. 
63, 964). ligrom (Comstock a. Konigs, B. 20, 2622). 

ClCuTA OIL. The oil from the seeds of Dehydrocinebeno CigH.gN,. [0. 60° hydr.]. Ob- 
Cicuta virosa is of the same nature as Boman tained by boiling dehydrooinchonine chloride, 
oil of chamomile (g. V.) (Trapp, /. 74, 428). O.gH.gNjCl or (a)- or ()8).oinohene-di.bromide 

CICUTENE C,oH,g. (160°). A dextrorotatory CigHaoBr^Na with alcoholic KOH. Long colour- 
terpene in the essential oil obtained from the less needles (with 3aq). — B"H2Br2: very soluble 
root of the water-hemlock, Cicuta virosa (An- small prisms.— B"H2Cl2pt01g : very sparingly 
kum, Z. 1869, 248). The same plant is said to soluble red tables (Comstock B.*Kdnig8, B. 19, 
contain an alkaloid, Cicu tine {Volex, Ar. Ph. 2857). ^ 

18, 174 *, Wittstein, Buchner's Bepert. 18, 19). Apocincheue C,oH„NO. [209°]. Formed by 

CIMICIC ACID C,,H.,h 02. Mol. w. 240. [44°]. heating cinchene with HCl at 220°-230° (Com- 
Occurrence. — In the foetid oil ejected by a stock a. Konigs, B. 14, 1854; 17, 1986; 18, 
l^nd of bug Bhaphigaster punctipennis vfhen 2379; 20, 2674). Colourless needles. Sol. 
irritated. The insects are washed with alcohol, alcohol, acids, and alkalis. The compounds 
and the residue extracted with ether (Carius, A, which it forms with acids and with bases are 
114, 147). Occurs also in spider’s web (Valente, dissociated by water. 

G. 12, 667). Beactions. — By fusion with KOH or NaOH it 

IVqpcrfics.— Prisms (from ether), lighter than gives oxy-apocinchene C^Hj^NOj. Its ethers 
water. Insol. water, v. si. sol. alcohol, ▼. sol. are oxidised by CrO, to cinohonic acid ; on oxi 
ether. Has a ranoe.d odour. dation with dilute HNO, they yield alkyl-apor 

Salts. — NaA'. — KA': amorphous. cinohenio acids 0„H,,(0B)N.C02H. 

OAZortdfl C„IL,OCl: [c.44°]. Salts.— B'HBr. [0. 256°]: yellow needles 

Ethyl ether EtA'. Oil. (from alcoholic HBr). — B'HI. — B'jHjPtClg. 

ClmCIC ALDEHYDE CjjH^gO. [72°]. Occurs [c. 236°]. *' The Ag sajt is a nearly insoluble pp. 
in spider’s web (Valente, O. 12, 657). Kedufes Acetyl derivative C,gH,„AcNO. [119°]. 
Fehling’s solution and ammoniacal AgNO,. Methyh ether C„H,g(OMe)N : oil; v. sol. 

CIHOHAMIDIKE v. CmoHONA bases. alcohol, ether, Ac., nearly insol. water. 

CIHCHEKE C,gH,oNa.^inckofwdene. [125°]. B'HCliaq: [0. 198°], crystallinMolid. 

Formed by treatment of cinchonine or cinchon- Ethyl ether 0,gHi8(OEt)N : [71°] ; colour- 
idine with POL, and boiling the resulting cin- less prisms. 

chonine-chloride 0„Ha,Cl or cinchonidine chlor- Bromo-apocinohene 0„Hj,BrNO. [188°]. 
ide with alcoholic KOH. Trimetric tables aibic From apocinohene Jiydrobromide in chloroform 
- *6017:1:*6022. By heating with HCl at 220°- and HOAc by adding Br. Crystalline, v. sol. 
230° it is converted into apocinchene CigHijNO, aqueous alkalis, benzene, and chloroform, less 
MeCl and NH, being split off and H^O taken up sol. alcohol and ether. CrO, oxidises it to 
(Comstock a. K5nigs, B. 14, 1864; 17, 1989). bromoform and cinchonio acid. Boiling alco- 
Methylo-iodide B'Mel; [186°]; monosym- holic NaOH does not attack it. 



CINCHONA BARK. I7t 


Di-brono-apooinohene. Ethyl ethBt 
C,BH,„Br.,(OEt)N. [118®]. From ethyl-apooin- 
chone (10 g.) and’Br (15 o.o.) 

Oxy-apo»inohene OuHisNOj. [(117®]. Formed 
by fusing apocinqfceoa 0,flH,g(0H)N with KOH 
or NaOH%Comstock 4. Koenigs, B. 18, 2385). 
Colourless OTystals.' 'V. sol. caustic alkalis, si. 
sol. cold alcohol and pure ether, nearly insol. 
water and dilute acids. 

Acetyl derivative CjgHjaAoNOj. [203°]. 

Methyl-apocincheuic acid 
0„H„(0Me)N.Cq,H, [231°]. FoAned by oxida- 
tion of the methyl ether of apocinchene with 
dilute HNO, (Comstock a. Koenigs, B. 18, 2383). 
Colourless orjrstals. V. sol. alcohol, acids and 
alkalis, nearly insbl. water. 

Ethyl-apooinchenic acid C,7H,3(0Et)N.C02H. 
Formed by oxidation of the ethyl ether of apo- 
cinchene C,(,H|s(OEt)N with dilute HNOg (Com- 
stock a. Koenigs, B. 18, 2.384 ; 20, 2074). Crys- 
tallises from absolute alcohol in yellowish anhy- 
drous needles [1'4»2 ] ; from dilute alcohol in 
crystals (containing aq) [126°]. By heating with 
HCl at 130° it is split up into CO.^, EtCl, and 
homo-apocinohene C,,H,-,NOxaq [185°]. 
The hydrobromide of horaoapocincheneB'HBraq 
crystallises in yellow needles or prisms [222°] 
si. sol. water. Homo-apocinchene on fusion with 
potash gives an acid [230 ’] split up by heat into 
CO^ and another acid C,,fl ,NO., (?) [223°]. 

Salts. -The Ag, Ca, Ba, Pb, Zn, and Cu 
salts are sparingly soluble. — AgA'. — 
(HA')2HPtCls. 

CINCHOL CjoHa^O. [139° water-free]. Is 
found in all true cinchona barks but not in C. 
Ci(2>rca\ in largest amount (up to 0*03 p.c.), 
along with some quebrachol, in C. Calisaya Var, 
Ledqeriana. Found also along with cupreol. 
Helms’ ‘ Cinchocerotine ’ {Ar. Pit. [3] 21, 270) 
was probalily wholly or partly cinchol. Further, 
Liebormann^ ‘Oxy-ohino-terpene * {B. 17,871) 
is ^inchol (Ilesse). 

Frcparatwn.—From crudg cupreol, the 
acetate being separated by repeated crystallisa- 
tions from alcohol from the acetates of quebra- 
chol and cupreol (0. Hesse, A. 228, 288; 234,375). 

Properties. Plates (containing aq) from 
alcohol. Ltevorolatory in chloroform solution; 
[o]„=i -34’3° (in a 6 p.o. solution). Its proper- 
ties are similar to those of cupreol. 

Acetyl derivative C_.(,H330(0.2lI.,0). 
[124°]. White needles from alcohol. M. sol. 
alcohol, V. sol. ether and chloroform. Lievo- 
rotatory (in chloroform); [a]p«—41*7° (in a 
4 p.c. solution). 

Propionyl derivative C2,H330(C3Hft0). 
[110°]. Microscopic plates. 

CINCHOCEEOTIN [130°]. Pro- 

bably identical with the preoediaag. Deposited 
in tubes through which an alcoholic extract of 
South Ameiican calisaya bark and lime is 
passed (Helms, Ar. Ph. [3] 21, 279). Chromic 
acid gives acetic acid, butyric acid, and cincho- 
cerotio acid [72°]. 

CINCHOLEPIDINE v.\Py. 1) MiiTHYL-quiNO- 
r>iNE. 

CINCHOLINE. Strongly basic oil. Volatile 
with steam. Occurs in the mother liquors from 
quinine. V. sol. alcohol and ether, less sol. 
water. The hydrochloride forma colourless 


quadratic plates. The oxalate is sparingly 
soluble in water (Hesse, B. 15, 858). 

OINCHOMEBONIG ACID and iso-oinohome* 
ronio acid v. Pyridine di-oabboxylio acid. 

CINCHONA BABK. Cortex Oinchonce and 
ChifUBf Coirtex Peruvianus^ Peruvian Bark^ 
Ecorc&ie QuvnquvnatChina rinde. — This name is 
given to the bark of various species of Cinchona, 
which, with about thirty other allied genera, 
constitute the tribe Cinchonece of the order 
Rubiacece {v. PJiannacographia, f. 338). They 
have been long known for their antifebrile pro- 
perties, which are chiefly due to the contained 
alkaloids, which are absent in all the allied 
genera, with the exception of Bemigia, some 
species of which contain them. 

These medicinal barks were first introduced 
into Europe from Peru about the year 1638, by 
the Countess ol Chinchon, wife of the Viceroy 
of Peru (in whose honour the name cinchona 
was given to the genus by Linmeus), and being 
afterwards sent over by the Jesuits, acquired 
great celebrity foy the cure of intermittent fevers, 
being known by the names of Pulvis ComitesssB, 
Jesuiticus, Patrum, &o. The cinchonas are 
natives of the mountain regions of South 
America, on the eastern slope of the Cordillera 
of the Andes and on the mountain ranges of 
Ecuador and New Granada, growing at eleva- 
tions from 3,000 to 11,000 feet, no species being 
known to inhabit the low alluvial plains. 

In 1853 an attempt was made by the Dutch 
Government to introduce the cultivation of cin- 
chona into Java, but at first great difficulty 
was found in obtaining seeds or plants of good 
qualities, owing to the extreme jealousy of the 
natives. 

In 1860 Mr. Clements Markham was sent by 
the Government of India to South America to 
collect seeds and plants, and after great difficul- 
ties he and his coadjutors succeeded in intro- 
ducing the most valuable species of cinchona 
into India, and Mr. C. Ledger, who was then re- 
siding on the west coast of America, also suc- 
ceeded in obtaining a supply of seed of the finest 
variety of the Calisaya bark, , 

The cultivation of the cinchonas thus intro- 
duced into the East Indies has increased to such 
an extent that much the greater proportion of 
the bark is now supplied from Cteylon, Java, and 
India, from whence upwards of 14,000,00011)3. of 
bark were imported in 1885. 

This cultivation has also been successfully 
introduced into Jamaica arfd elsewhere, in tropi- 
cal regions where high mountains give the re- 
quisite elevation, and in the natural home of the 
genus there are now largo plantations of culti- 
vated cinchonas of the finest qualities. 

• In collecting the bark in the native forests, 
the trees are invariably out down, and the bark, 
when stripi^d off, ^ried either in the sun or on 
hurdles arranged over a fire in a hut. 

In the plantations of cultivated bark, the 
system of cutting down the trees is adopted to 
some extent, but a far more economical method 
of harvesting the bark is by the pnioess of * re- 
newing,’ introduced by the late W. G. Molvor, 
by which a succession of crops of burk can be 
obtained from the same tree. For this purpose 
longitudinal incisions are made into the bark 
and about hall the bark removed in altemate 
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Btrips, leaving tlie remaining bark intact, and the 
stem is then covered with moss. A fresh layer 
of bark is then formed from the cambium with 
surprising rapidity, and in a few months it attains 
the thiolmess of the original bark when several 
years old. 

It is remarkable that the renewed ba4k is not 
only in most cases richer in total alkaloids than 
the natural bark but contains a far higher pro- 
portion of quinine, which appears to take the 
place of the less valuable alkaloids. Another 
more imperfect process adopted for renewing 
barks is to cut oH the external layers with a 
spokeshave, but the results are rarely so good 
as in the former process, as it is essential that 
the liber layers of the bark should bo cut 
through without injuring the cambium beneath, 
which is more difiQoult to do in this manner than 
in the other system. ' 

Between thirty and forty species of cinchona 
have been described, but most of them are of no 
practical value. Those used in pharmacy and 
in the manufacture of quinin^jaro as follows. 

I. Yellow or Calisaya Bark. This is the 
most valuable of all the species of cinchona. It 
is found in commerce in quills formed by the 
contraction of the bark when drying, which are 
covered with a rough epidermis. It was for- j 
mcrly found also in flattened pieces, from which j 
the epidermis had been removed, and which | 
have been dried under pressure, and was then i 
known as flat yellow barL 

II. Crown baric. Pale bark. Loxa bark 
yielded by C. officinalis and the allied species, 
found in quills, with a rough blackish-brown or 
dark grey surface. This was formerly the chief 
bark used in medicine under the name of Peru- 
vian bark. It is largely cultivated and approaches 
the Calisaya in richness. 

IIL Bed bark, Cinchona Rubra and Sued' 
fubra, so called from the red colour of the sap 
and of the mature bark. Owing to the vigorous 
growth of this species, it has been cultivated in 
India to a very large extent, and has been adopted 
in the British Pharmacopoeia for use in galenical 
pmparalion. It is less suited for the preparation 
of quinine, owing to the great proportion of cin- 
ohonidine that it contains. 

IV. Soft hark. Columbian and Carthatjena 
barkf yielded By C. hiu-u^nifolia and Lanctfolia, 
imported in quills or broken pieces, with a whitish 
shining epidermis, which scales off easily. They 
vary greatly in the quantity and quahty of the 
•Ikdoids. 

V. Pitayo harks, yielded by C. Pitayensis, 
are imported in short curly pieces of a brownish 
colour, eitdier bare or with a rugged whitish epi- 
dermis. They are rich in alkaloids, especially 
quinine and quinidine. 

VI. Cuprea bark, yielded by Rcmigia Pe- 
dunevdata. Although not f j true (^chona bark, 
this may conveniently be included here as the 
only known species of any other genus that has 
yielded the cinchona alkaloids. It is imported 
in short quills and broken pieces of a deep red 
colour. The bark is of a very compact texture* 
of much higher specific gravity than the true 
einohoDifi. It gives with ammonia a purple 
solution of considerable tinctorial power. It 
contains quinine, quinidine, cinchonine, but no 
cinchenidine, and an alkaloid, cupreine* dis- 


covered by Paul and Cownley, which exists in 
the bark in a combination with quinine, pie- 
viously taken for a distinct alkaloid, and desig 
natod homo(/kinino, an allied species. B. Pur> 
dieana yields no quinine, but a new alkaloid 
called by the discoverer, M. ArnauC, Cinohon- 
amine. ^ 

Along with these principal species are found 
in commerce the bark of a great number of 
species of Cinchona, most of which contain 
little or no valuable allcaloid, and also barks of 
allied generaf, especially ot^ Ladcnbergia and 
Exostemma. These barks contain none of the 
cinchona alkaloids. 

The organic constituents of ginchona bark 
are quinine, quinidine, cirtclionine and cin- 
chonidinc, and some isomeric modifications 
of these bases, quinamine, uncrystallisable 
alkaloids, in some species aricine, paricine, 
and their congeners ; quinio acid, quinovin and 
cinchotannic acid, cinchona red, colouring matter, 
wax, and fatty matter, a sma^ quantity of vola- 
j tile oil, along with starch, gum, and woody fibre. 

The barks of some of the allied genera also 
contain quinovin, cinchotannic acid, and quinio 
acid. The ash of cinchona bark consists chiefly 
of calcic and potassic carbonate, containing also, 
besides iron, a notable quantity of manganese. 
For detailed analysis vide Carles, Ph. [3] 3, 723. 

The first chemical exalf^l nation of cinchona 
bark appears to have been made in 1785 by 
Ilerrabstddt, who obtained from it calcium 
quinate, which he designated as essential salt of 
quiume. Schneider in 1807, and Vauquelin in 
1808, separated quinio acid from the calcium 
salt. Quinotannic acid was discovered by Deyeux 
in 1793, and obtained in a more definite form by 
S6guin in 1797. Cinchona bitter and cinchona 
red were obtained from red cinchona bark by 
Reuss in 1810. The first discovery of the alka- 
loids was made by Gomes of Lisbon in 1811, who 
appears to have obtained cinchoiJine in an im- 
pure state; but its true nature was not '•dis- 
covered till 1620, when Houton-Labillardi^re 
drew attention to its alkaline reaction, and com- 
municated his observations to Pelletier and 
Caventou, who in the same year succeeded in 
isolating first cinchonine, and afterwards qui- 
nine, and proved them to be true vegetable 
alkaloids. The isomeric modifications of those 
alkaloids were afterwards discovered and vari- 
ously named. Pasteur (C. R. 3G, 26 ; 37, 110) re- 
duced those then known to four, quinine and its 
isomeride, quinidine, and cinchonine and its iso- 
meridc, cinchonidine, and also investigated the 
isomeric modifications of these alkaloids pro- 
duced/ by the action of heat in strong acid solu- 
tion, viz. quinicine is.nd cinchonicine. Hesse 
has now investigated the whole subject, and has 
described vafious alkaloids whichl however, with 
the exception of a modification of cinchonidine 
named by him ‘ homo-oinchonfZLine,* and the 
recently Recovered hydroquinine, do not seem 
to have been isolated by other observers. 

Cinchona barlcs are employed medicinally in 
the form of tinctuffes, fluid extracts, and infu- 
sions, and were thus used long before the dis- 
covery of the alkaloids, and, although it is to 
these bodies that the medicinal value is chiefly 
due, the cinchotannic acid and other ingredients 
appear also to be of medicinal valoo. 
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Reactions of Cinchona bark.— Most salts of 
the oinohona alkaloids give a parple tar when 
strongly heated in a test-tube, especially if they 
are mixed with cellulose. The safiie reaction is 
observed when a bark containing them is heated, 
and is vef^ characteristic. The teat was pro- 
posed by GAhe, of Kaaau, in 1858. Water ex- 
tracts a portion only of the alkaloidal contents 
of cinchona bark, and the oinchotannates of the 
alkaloids being more soluble in hot than in cold 
water, a hot infusion becomes turbid on cooling. 
The solution obtained by treatment with acidu- 
lated water gives the following reactions The 
alkaloids give a whitish precipitate with excess 
of caustic alkali, and with tannic acid, and a 
yellow crystalline* precipitate with platinio 
chloride, if these precipitates are submitted to 
dry distillation, the characteristic odour of quinol- 
ine is observed. Of the acid constituents quino- 
tannio acid gives precipitates white with solution 
of gelatin, green with ferric salts, dirty white 
with tartar emetics. Quinovic acid gives, with 
sulphate of copper, first a green colour and then 
a precipitate which, when washed, has a bitter 
metallic taste. Quinio acid distilled with sul- 
phuric acid and manganese peroxide yields a 
distillate of quinone ; this test is proposed by 
Stenhouse {Mam. Cham. Soc, ii. 226) to distin- 
guish true cinchona bark. 

For the quanticJitive analysis of cinchona 
bark, various processes have been proposed, many 
of which give good results in practised hands, 
but in all of which success largely depends on 
details of manipulation only to be acquired by 
practice. The earl ier processes depended on dis- 
solving out the alkaloids with hydrochloric acid, 
precipitating the alkaloids by caustic alkali. A 
great excess of acid is required for the extrac- 
tion of the whole alkaloid, and a great excess of 
alkali for the complete separation of the alkaloids 
from the cinohotannio acid which precipitates 
along with them hy exact neutralisation. Better 
methods are those in which the salts of the 
alkaloids are decomposed in the bark by treat- 
ment with alkali, and the alkaloids then ex- 
tracted by suitable solvents. De Vrij [Phar- 
macographia, p. 365, and Ph. [3] 4, 241) recom- 
mends to mix 20 g. of powdered bark with milk 
of lime (6 g. lime to 60 c.c. water), dry the mixture 
slowly, stirring frequently. Then boil the dry 
powder with 200 c.c. alcohol of S.G. 0‘830, pour 
ol! and filter the solution, and boil again with 
100 e.o. alcohol, throw the whole on the filter, and 
wash further with 100 c.c. alcohol, acidulate with 
dilute sulphuric acid, filter, and distil, but not 
to dryness (water must be added if necessary), 
when all the spirit is separated the aqueous solu- 
tion is filtered. The fiBrate and washings are 
reduced to 60 c.c., and while still warm treated 
with caustic Ibda in excess. Aftc^r cooling, the 
solution is decanted off and water added before 
throwing it oif the filter. It is then washed with 
the smallest possible quantity of water, pressed 
between folds of blotting paper, dried, and 
weighed. The weight is that of the total alka- 
loids in the bark. ° 

The process given in the British Pharma- 
cofpmia^ f. Ill, is also a good one, it is as fol- 
lows Mix 200 grams of the bark in fine powder 
with 60 grams of hydrate of calcium ; moisten 
the powders with half an ounoe of water, mix 
VOL. U. 
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the whole intimately ; allow it to stand for ius 
hour or two, it will then present the charaoten 
of a moist dark-brown powder, in which there 
should be no lumps or visible white particles. 
Transfer the powder to a flask, boil for half an 
hour with three fluid ounces of a mixture of 
three volumes of benzene and one of amylio 
alcohol, decant and filter the solution, leaving 
the bark in the flask, boil again with the same 
solvent and decant as before ; repeat the third 
time, and finally throw the bark on the filter and 
wash with the solvent. The filtrates are then 
shaken repeatedly with water acidulated with 
hydrochloric acid till the alkaloids are all re- 
moved, the acid washings concentrated, and if 
the process given below for the separation of 
the alkaloids is adopted, the alkaloids are pre- 
cipitated by excess of alkali. 

The process given in the German Pharma- 
copoeia is also efiioiont. 

The separation of the oinohona alkaloids 
depends on their relative solubilities in various 
reagents, but in most cases those do not differ 
so widely as to give a perfectly satisfactory sepa- 
ration, and the separation is made more ^ffioult 
by the tendency of the alkaloids and their salts 
to form more or less definite compounds with 
one another. 

A convenient process giving fairly aoonrate 
results is as follows : — Treat the powdered mass 
of mixed alkaloids with ten times its weight of 
ether ; this will dissolve the quinine and amor- 
phous alkaloid, and small quantities only of the 
other alkaloids ; wash the alkaloids out of this 
ethereal solution by excess of dilute sulpburio 
acid, and neutralise after heating to boiling with 
dilute ammonia, using no more water than is 
necessary; the quinine will then, on cooling, 
crystallise out almost entirely as sulphate, which 
salt is almost insoluble in a cold solution con- 
taining ammonio sulphate. The crystals after 
filtration and washing with a small quantity of 
water are pressed between blotting paper and 
dried at lOO*^. 73*4 pts. of the anhydrous salt 
equal 100 of the hydrated crystals. The salt 
should be tested for cinchonidine, which may be 
present in small quantity. The alkaloids con- 
tained in the mother liquor are then precipitated 
by alkalis, converted into neutral acetates, and a 
solution of potassium iefiido and ar small quantity 
of alcohol is then added ; on standing quinidine 
iodide will crystallise out if present. Of this 
salt 100 pts. equal 71-8 of the alkaloid. A solu- 
tion of potassio-tartrate of sodium is then added 
to the mother liquor, and on agitation and stand- 
ing, tartrate of cinchonidine will crystallise out 
if any of that alkaloid has been dissolved by the 
ether; 100 pts. of this salt equal 80*4 of the 
a^ialoid. The mother liquor now contains amor- 
phous alkali, which may be precipitated by a 
solution of sodio hydrate and weighed. The 
portion insoluble in ether must be also converted 
into neutral acetates, and the solution tested for 
quinidine by potassic iodide, a few drops of spirit 
being added, and for cinchonidine by potassio- 
tartrate of sodium as above. If a considerable 
proportion of this alkaloid is present it will pro- 
bably contain a notable quantity of quinine, at 
ether fails to give a complete separation. After 
removal of any quinidine and cinononidine present 
by those reagents, the solution contains the oio- 
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ciionine, which may be precipitated by caustic 
alkali and weighed. Dr. de Vrij recommends 
that the quinine should be precipitated from the 
solution of alkaloids soluble in other, as iodo- 
sulphate {Ph, [3] C, 4G1) ; in skilful hands this 
method of analysis gives accurate rcsiUts. In- 
stead of commencing the separation of the alka- 
loids by ether, Dr. Moens recommends that the 
neutral aqueous solution of the mixed alkaloids 
be treated with eicess of solution of sodic potas- 
sio-tartrate, which throws down the whole of 
the quinine and cinchonidine as tartrates. The 
tartrate is then decomposed by alkali, and the 
quinine and cinchonidine separated by ether, 
the alltaloid dissolved in the ether being either 
weighed directly as quinine or preferably con- 
verted into sulphate and weighed as such. Great 
care must be taken in this case, to decompose the 
tartrate entirely, to avoid underestimating the 
quinine. 

The method of estimating the relative pro- 
portions of quinine and cinchonidine in the pre- 
cipitated tartrates by dctermirffition of the specific 
rotation of the polarised ray has been recom- 
mended by Drs. De Vrij and Oudemans, but no 
published process for bark analysis gives the 
tartrate obtained direct from the crude mixed 
alkaloids in a sufficient state of purity to give 
really trustworthy results by this method. 

The distribution of the alkaloids in the 
bark has been the subject of careful observation. 
It was first observed by Carles {Ph. [3] 3, 043) 
that though quinine exists in all portions of the ' 
bark, it is contained in much larger proportion 
in the external and cortical layers than in the 
internal liber layers, and his observation has 
been confirmed by other observers. i 

On the other hand, the corky epidermis found 
in some barks, specially in certain varieties of 
officinalis, such as the knotty bark of Jussieu 
does not contain alkaloid. i 

Alkaloids begin to form in the bark even when 
very young, and increase in quantity until the 
bark is mature, the maximum yield being at- 
tained at ages varying with the species and cir- 
cumstances of growth— from five to fifteen years, 
or even later. The relative proportion of the 
different alkaloids also varies greatly in the same j 
tree. ■ ^ 

The increase of the dextrogyrate alkaloids, j 
qainidine and cinchonine, in the root barks is ' 
remarkable. This is specially the case in stunted 


I ment is caused by dressings of lime. This qnes- 
I tion is one deserving of much more investigj'tion 
than it has y^t received. D. H. 

CINCHOiNA BASES.— Quinine, Cinchonine, 
Cinchonidine, and Aricine are described in 
separate articles. The existence of. many of the 
following bases requires confirmafion. In the 
names of these alkaloids qu is used before i, and 
ch before any other vowel. 

Chairamine C.^dl.^NjO^ aq. [140°]. [233° 
when dry] [qlo = about -i- 100°. In the bark of ' 
Remijia Purdieana (Hesse, A. 225,243). Named 
! from because Hesse * rejoiced ' at dis- 

[ covering it. Slender needles (containing aq) 
(from dilute alcohol). Sol. ether ^d chloroform. 
Its alcoholic solution is alkaline* to litmus. 
H,SO^, with or without MoOg, forms a colourless 
solution, turning dark green. 

Salts. — B'HCl aq. Needles. — 8 aq. 
-(B'HCl)..rtCl, 2 aq. 

ConchairamineC....H.,N 20 ,aqEtOH. [82°_^6°] ; 
B'aq [c. 110 °] ; B' [c. 120°] [<l]„ (for B') = -t- 68-4 
in 2 p.c. alcoholic solution. In the bark of Be- 
mijia Purdieana (Hesse, A. 225, 210). It has 
I three melting-points according as it is dry, with 
! water of crystalli.sation, or with alcohol of crys- 
tallisation also. Colourless prisms (containing 
aqEtOH) (from alcohol). Sol. ether and chloro- 
form. Cone. lESO^, wit^ or without MoOj, 
forms a brown solution turning green. 

Salts. — BTICl. — (B'HCl), , PtCl^ 5aq. — 
B'HI aq.— B'HSNC aq.— B'.,H,,SO,9aq. 

Methylo-iodide. — B'Melaq. Red crystals, 
B'MoI 3aq. Colourless crystals. 

Mcthylo-chloridc.—B'M.eC] 2aq. Pla- 
tino - chloride.— (B'MeCl),HCl(PtCl,) 2 14aq. 

Chairamidine C,,H,,N 204 aq. [c. 128° when 
'dry]. [a]„ = -h 7’3° in 3 p.c. alcoholic solution. 

I In the bark of Bcmijia Purdieana (Hesse, A. 
j 225, 253). Amorphous powder, insol. water, sol. 

I ether, alcohol, benzene, and chloroform ; solu- 
tion in cone. slowly turns gr^en. Animal 

charcoal removes it from solution in acetic?* acid. 

Salts . — (B'nCl) 2 PtCl 4 5aq. — S ulphate is 
gelatinous. 

Conchairamidine CooII,«N 204 aq. [115° when 
tJryJ- Wd = — 00° in a 3 p.o. alcoholic solution, 
j In the bark of Reinijia Purdieana (0. Hesse, A. 

225, 250). Crystalline. V. sol. ether, alcohol, 

I chloroform, benzene, and acetone. Its alcoholio 
' solution is neutral to litmus. In cono. H 2 SO 4 , 
with or without M 0 O 3 , the solution is dark 


or unhealthy treeajn which the root bark is often green. 

exceptionally rich in alkaloid. As a rule a Salts. — Well crystallised. — B'HCl 3aq. — 
luxuriant growth of the plant is required to give (B'HCl) 2 PtCl 4 5aq.— B',.,Hi;S04 14aq. 
the maximum of alkaloid, and therefore it is Cinchamidine C 20 H 2 BN 2 O. [230°]. [a]o = 
natural that manures should have a beneficial — 9fif‘4. Occurs in the mother-liquors from 
effect. ‘Vh.luable experiments on this subject homocinchonidine (ifesse, B. 14, 1083 ; cf. Eorst 
have been carried out by Mr. Broughton at the a. Bohringc^, B. 14, 1270 ; 15,^520). Colour- 
Government Plantation at Ootacamund {Ph. [3] less plates, needles, or prisms. Sol. alcohol and 
8 , 521). He found that a^great ifiiprovement in chloroform, si. sol. ether, insol.^ water. Has an 
the yield of quinine was caused by the use of alkaline reaction. 

guano, a greater by the use of ammonia salts, Salts. — B'HCl 2aq: triractrio prisms. — 
but most of all by the use of farmyard manure. (B'HCl) 2 PtCl 4 3aq : yellow amorphous pp. — 
A series of experiments on renewed bark of B'H. 2 Cl 2 PtCl« : orange plates. — Tartrate 
C. succirubra in Ceylon, on the other hand, B' 2 C 4 HjOa 2aq : colourless prisms, si. sol. cold 
showed a maximum of improvement from the water. 

use of bones ; ammonia and cattle manure pro- Cinchonamine Gi^HjiNjO. [194°] (A.); 

ducing less improvement, the different result [185°] (H.). fain + 121° (1 pt. base in 60 pts. 

being, no doubt, owing to a different condition of 97 p.c. alcohol at 16°). 

of the soil. In some soils a very great improve- Occurrence,— In. Cinchona Purdieana (Az^ 
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naud, C, B. 93, 693 ; 97, 174 ; Hesse, A. 225, 
218 ; Planohon, J. Ph. [6] 6, 362). 

Properties. — Colourless hexa^l)nal prisms 
(Friedel, C. B. 105, 985). Sol. alcohol, etlier, 
chlorofornifCSg and benzene ; si. sol. petroleum 
or water. liighly poisonous. Its alcoholic so- 
lution is alkaline and gives no colour with Fe.^Cl^ 
or Cl and NH,. In cone. HoSO^ forms reddish- 
yollow solution, in cone. HNO., a bright yellow 
f solution. In HCl it is insoluble, and on heating 
at it gives no MeCl. • 

Salts.— B'HCf.—B'HCl aq.— (B'HCl) ,PtCl,. 
^B'HBr.-B'IlL— B'HSCN.— B'HNO.. S. *2 at 
15°.-B'JT SO.. [a]n = 4- 80-7° at 15“° in 2 p.o. 
solution (H.) 4*43‘5 at 15° (A.). V. sol. water. 

B'II.S04 [aji, = 3'1'()°. — B'H,S..Oj. — Tartrato 

B'-XCA- 105atl5°— MaiateB'C^HAaq: 
S. 1 at 15°.— Citrate : prisms. S. 1*95 at 10°. 

Acetyl derivative C,„H2,AcN,p. [80°- 
90°]f Amorphous. Sol. acetic acid, ether, alco- 
hol, and chloroform, sparingly so in dilute HCl. 
In cone. H .SO4 it mriiis a pm pie solution, turned 
yellow by heat. Not saponified by alcoholic 
potash. 

Di-nitro-cinchonamino C,„IL2(N0_,)oN20. 
[118°]. Formed by treatment with IINOg of 
S.G. 1*00. Explosive, Flooculent pp., sol. acetic 
acid, ether, chloroform, and alcohol, and in j 
dilute HCl.-(C,„n..JfNO,),N..OHCl)2PtCl4. 

Methylo-iodide B'MoIaq. 

Mcthylochlorid cB'HeCl.— {B'MeCl).^ tCl^. 
The hydi ate B'McO H gives methyl-cinchonamine 
on boiling with water. 

Methyl-cinchonamine CjpIB^l^ToN.O. [139°]. 
Amorphous powder, v. sol. alcohol, other, and 
chloroform, insol. water. Sulphomolybdic acid 
is slowly turned dark blue by it. Forma a floc- 
culent platino-chlorido 
(C,„H .,McN .OIICl) ,PtCl , 4aq. 

JjJlhylo-iodidelVh'tiJ. Insol. water. When 
treated with AgCl and PtCl4 successively it gives 
(B'l'^CI)2PtCl, 2aq. And with Ag2S04 it gives 
(B'Et)_,S64. When an alcoholic solution of B'Etl 
is boiled with addition of a little NaOII, cthyl- 
cinchonamine is formed. 

Ethyl-cinchonamino C,„TI,_..,EtN20,aq. [75°- 
78°] ; when dry it melts at [c. 140°]. Amorphous, 
resembling methyl-cinchonamine. Platino-chlor- 
ide : (C,.,H,,EtN ,OHCl)2PtCl4 3aq. 

Cincholine. An oily alkaloid which accom- 
panies quinine (Ilesso, B. 15, 858). 

Hydrocinchonidiae CiqILjNjO. [229°-230°J 
[a]n = 98*4 (in 97 p.c. alcohol, p = 2) (Forst a. 
Bohringer, B. 14, 1270 ; 15, 520 ; 0. Hesse, B. 
14, 1893 ; A. 214, 1). Found in the mother- 
liquors from which oinchonidine si^lph{g,e or 
horao-cinchonidine sulpl»to has crystallised. 
Six-sided plates (from hot dilute alcohol) or j 
short prisms (from strong alcohol)*. Less sol, 
alcohol than oinchonidine or homo-cinchonidine, 
V. si. sol. ohlomforrn, ether, or water. Freshly 
ppd. si. sol. ether, quickly separating again in 
six-sided plates. Alcoholic solution is alkaline 
and bitter. 

Beactions.—l, Its sulphuto does not at once 
bleach KMnOi and shows no fluorescence.— 2. 
Ammonia gives, in solutions of its salts, a floo- 
culent pp. becoming crystalline; in very dilute 
solutions a crystalline pp. after some time.— 3. 
Chlorine and NH, give no colour. — 4. Cone. 
HjSO* dissolves it without colour.— 6. Insoluble 


in KOH, baryta or lime.- G. HCl (S.G. 1*125) at 
160° has no action. ' 

Salts.— (Hesse.) B'HCl 2aq.— B'CNSH. — 
B'^ILPtCl^ 3aq.- B'H^PtCl,.- B'C^H^O^ (quin- 
ate). — B'.2ll2Co04. — B'^CjII^O,) (tartrate). — 
B',.1LS,«), aq.— B'H^SO, 4aq. - B',H,S04 7aq. S, 
1*75 at 10°. [ajn— —75*2° (in water, p = 2)\ 
-93*8° (in 97 p.c. alcohol).-— 

B'„C..H4(0II)S0,H 5aq. 

Acetyl derivative Ci.H^.AcNjO. [42°]. 
[a]n = _ 29*5° (in 97 p.c. alcohol, p = 2) ; - 50*9° 
(in water with 3HC1, p - 2). Amorphous hygro- 
scopic mass. V. sol. alcohol. Saponified by 
alcoliolic KOII. Soluble in acids forming salts, 
e.g. C,.,H.,AcN20H,PtCl, ‘Jaq. 

Amoi phous hydrocinchonidine [a]), = 
- 12° (in water with 3I1C1, p = 2). Is formed by 
fusing the sulphate at 140°, and adding aqueous 
NaOH to the product. It is a brownish amor- 
phous base, isomeric with hydrocinchonidine. 
It is V. sol. ether, alcohol, chloroform, or acids. 
Its salts are amoriilioiis, e.g, B'H2PtClg 2aq. 

Di-cinchcnineCasH44N40,,. [40°]. [a]„= 4-66°. 
Occurs in the bark of Cinchona rosulenta and 
of C. siicchuhra especially. Not present in the 
bark of G. Calisaya, var. Bohvia^ia, and var. 
Ledgcriana, C. Tncujcnsis or C. Pelletierana^ 
or of Bemijia pedunculata or B. Purdicana 
(0. Hesse, A. 227, 153). 

Properties. — Yellowish amorphous base. V, 
sol. ether, acetone, alcohol, chloroform, and 
benzene, less sol. water and light petroleum, 
insol. in aqueous NaOH. Its alcoholic solution 
is strongly alkaline and tastes bitter, gives no 
colour with Cl and NH„ and is dextrorotatory. 

Salts.— The base dissolves in dilute acids 
and is reppd. by NH, or NaOH as a resinous 
pp.-B"2HCl.-B"2HCl.PtCl4. 

Bcaction.—UCX at 150° converts it into di- 
apocinchonino, which is also formed from cin- 
chonine under similar conditions. 

Hydrocinchonine C,„H,,N.,0. [256°]. Occurs 
in C.cnpi ca (Hesse, B. 15, 855).— B"H„PtCl„ 2aq. 

Cinchotine C,.,ll2,N20. [277° cor.]. S. *07 
at 20° ; S. (etlier) *19 at 20°. Occurs in crud# 
cinchonine sulphate (Willm a. Caventou, A. 
Suppl, 7, 218; Forst a. Boliringer, B. 14, 436; 
1207; l5, 519; Skraup, A. 197, 352; C. G. 
1877,629). Slender privms and scales. Dextro- 
rotatory. On oxidation it gives cinchonio acid. 

Salts. — B'2H2S04 12uq : fine needles or 
jn'isms. S. 3*28 at 13°. — B'RNOjaq: tables.- - 
B'HCl 2aq : lino needles. -B W, Cl ..—B'HCl 2aq : 
S. 2*12 at 0°. — B llBi* 2aq. -B'iljBr^: prisms.— 
B'HIaq. — Sulphocyanido B'CNSII: long 
needles, si. sol. water.- -Oxalate B'2H„CP4 aq : 
needles; S. 1*16 at 10'. — Tartrates 
B'9,H,,08 4aq : needles, sol. hot water. — 
B'.^C.HdOa 2aq : prisms.— Benzoate B'OjH^O,: 
needles, si. soL cold ^ter. 

Quinamine C,„H24N202. [172°]. [a]D = 93*6° 
(in a 2 p.o. chloroform solution), [a],, = 104*5° 
(in a 2 p.c. alcoholic solution). S. *064 at 16°. 
S. (ether) 2 at 16°. Occurs in the bark of Cm- 
chona succirubra, and of many other species of 
cinchona (Hesse, A. 166, 266 ; 182, 168 ; 199, 
336 ; 207, 288 j De Vrij, Ph. [3] 4, 609 ; J. 1874, 
874). Obtained from the mother-liquor after 
quinine and oinohonine have been ppd. as tar- 
trates. Long prisms (from dilute alcohol). Dex- 
trorotatory. Its alcoholic solution is alkaline to 
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litznas. Audi, gives a yellowish pp. which soon 
tarns purple. Paper moistened with on acid 
solution of the sulphate is turned green, and 
finally blue, by CljD^. 

Salta. — BHCl aq : prisma. — BHjPtClg 2aq. 
-B'HC10,.~B'HBr aq. -B'HI. S. 1*4 at 16°.— 
B'HNO,. ^ 

Quinamidine C,9Ha4Na02 . [93°]. [o]d = 4*5° 
(in a 2 p.c. alcoholic solution). Formed by the 
action of acids upon quinaniine (Hesse, A. 207, 
299). Nodules ; v. o. sol. alcohol. Not ppd. by 
NHj from acid solutions, but ppd. by NaOH. 
AuClg gives a purple colour in solutions of its 
hydrochloride. — B'HCl aq. — B'^H^PtClg Gaq. — 
B'HBr aq.— Oxalate B^HoC^O^ 4aq. 

Quinamicine [109°]. [a]n-3*8° 

(in a 2 p.c. alcoholic solution). Formed by heat- 
ing quinamine with dilute acids at 130° (Hesse, 
A. 207, 3Q3). Amorphous, but gradually becomes 
crystalline. V. e. sol. alcohol. Dextrorotatory. — 
B'aHgPtClaSaq. 

Protoquinamicine Cj-Hg^NgO... Formed by 
heating dry quinamine acid^ sulphate at 130° 
(Hesse, A. 207, 305). Amorphous brown base. — 
B'jHgPtClg. 

Apoquinamine CjoH.jNoO. [114°]. Formed 
by boiling quinamine with excess of HCl (S.G. 
1*125) for 3 minutes (Ilessc, A. 207, 294). The 
alcoholic solution is inactive and neutral to 
litmus : the hydrochloride is hevorotatory. — 
B'HCl -Uq.— B'gllPtClg 2aq . — BUNG — 0 x a • 
late B’2H2C204aq.— Tartrate B'gC.H/lg jraq. 

Acetyl derivative C,5H2,AcN20. Amor- 
phous.— B'jHjrtClg 2aq. 

Conquinamine C,,H24N202. [123°]. [a]„ = 205° 
(in a 2 p.c. alcoholic solution). S. (91 p.c. alco- 
hol) 13*6 at 19° ; S. (ether) 13-5 at 15° ; S. 
(benzene) 24*4 at 18° ; S. (CS.) 6*05 at 18°. 
Occurs in the bark of C. snccirubra and rosu- 
Icnta. It is best separated from quinamine 
through the greater solubility of its salts (Oude- 
mans, A. 209, 38; Hesse, A. 209, 62), 

Properties. — Long prisms or pyramids. It 
resembles quinamine in its reactions with HoSO, 
^and HNOj. Gold chloride gives a golden pp. 
followed by a purple colouration. Heating with 
HCl forms apoquinamine Cj^HjjN,. 

Salts.—B'HCl : octahedra, m. sol. water; 
[a]o = 205°.— B'HgPtCL 3aq (O.).-B'H ,PtCl. aq 
(H.).-B'HC10g.-B7IC10,.~B'HBr.-B'HI. S. 
9*4 at 16°.— B'HNOg.—B'H.SO^.— Formate 
B'CHgOg : monoclinic crystals. — Acetate 
B'HOAc : dimetric crystals. — Oxalate 
B'.^HjCgO^ 3aq. — Quinate B'O^HjgOg 2aq : 
prisms. 

Quinidine Cj^l^NjOj. Conquinine. [168°]. 
[a]D = 236*8 -Sp (in app.c. alcoholic solution). 
S. *06 at 15°; S. (ether) 3 at 10°. Occurs in the 
bark of Cinchona Calisaya, C. qntayensis* e.nd 
other species of Cinchona (van Heijningen, A. 
72, 802 ; Pasteur, C. 36, 2^, Stenhouse, A. 
129, 15; Hesse, A. 146, 357; 166, 232; 174, 
338 ; 176, 226 ; 182, 163 ; B. 10, 2164 ; 12, 425 ; 
Oudemans, A. 182, 53). By adding NaOH to 
the mother-liquors from which quinine sulphate 
has separated crude quinidine is ppd. Pure 
quinidine may be isolated from this by means 
of its iodide. Prisms (containing 2laq) ffrom 
alcohol), rhombohedra (containing 2aq) (from 
ether), or lamince (containing l|aq) (from water). 
Its solution in wuts Hg80| fluoresces blue. 


Chlorine-water and NH, give a green oolonr. 
Dilute H2SO4 at 100° changes it to qninioine. 
Cone. HCl c(mverts it on heating into apoquin- 
idine and apbquinidine chlorohydride. It is a 
febrifuge. It crystallises in trimetrio forms with 
various alcohols : B'MeOH; B'EtOl^ B'PrOH; 
B'C,H,OH; and B'2C2H4{OH), (MCUus, B. 10, 
1773). 

Salts.— B'HCl aq. S. 1*6 at 10°; [a]o 

212 - 2*56 p (in a p p.c. alcoholic solution). — 
B'HgClj aq : [a]^ = 260° in a 2 p.c. aqueous solu- 
tion. -B'H2ZhCl4.—B'2H„!ZnCl,.-B'.2H2HgCl4.- 
B'HgPtCle aq. — B'jHjPtClo SSq. — B'HAuCl,. — 
B'HBr. S. *5 at 14° (de Vrij, /. Ph. [3] 32, 328).— 
B'HI. S. *08 at 16°.-B'HJg3aq. S. 1*1 at 
15°.~B'HNOg. S. 1*2 at •i6°.i-B'AgNO,.— 
B'.H2S04 2aq. S. 1 at 16°. [aj^ = 184° in a 3 p.c. 
solution in chloroform.— B'H2S04 4aq. S. 11*5 
at 10°.— B'gH-.SOjHJn (Jorgensen, J. pr. [2] 14, 
356; 15, 67).— B',(H2S04)gH.2l,„.— B'2H2So04HjIa. 
— B',(H2Se04)4HgI„.-B^2H2S,03 2aq.— B' i 4P04. 
— B'^HjCrO* 6aq : large yellow plates (Hesse, A. 
243, 144). — Oxalate B'2H2C204aq. S. *66 at 
15°. — Succinate B'2C4H804 2aq. — Tartrate 
B'gC4H,.Oa aq. S. 2*6 at 15°.— Acid tartrate 
B'C4H«0« 3aq. S. *26 at 10°.— B'C4H,(SbO)Og 4aq. 
S. *18 at 10°. 

Acetyl derivative C20H23ACN2O2. [«]» 

= 128° in a 2 p.c. alcoholic solution at 15°. 
Amorphous. — B'H.^PtCln 3(fq. — B'HgAUjCl* 2aq. 

Methylo-iodide C.oHjiNjOjMel : needles 
(Stahlschmidt, A. 90, 22i),-B'MeI, [166°] (Jdr- 
gensen, J.pr. [2] 3, 163). 

Ethylo-iodide C2oH24N202EtI (Stenhouse, 
A. 129, 20).— B'Etl aq (Howard, C.J. 26, 1183). 
— B'EtClaq.— B'EtHPtCl«.— B'2Et2lgH2S04. 

Quinidine chloride C2oH,,,N20Cl. Conquinine 
chloride. [132°]. Formed by the action of 
I PCI5 upon the hydrochloride of quinidine (con- 
[ quinine) (Comstock a. Konigs, B. 18, 1223). 

I Colourless crystals. V. sol. alcohol, benzene, 
j and chloroform, si. sol. ligroin*and dry ether, 
j By boiling with alcoholic KOH it is conj'erted 
I into quiniene'C2oH22N20. 

Apoqninidine C,„H2oN202. Apoconquinine. 
[137°]. [a]n = 155° (in a 2 p.c. alcoholic solu- 
tion). Formed, together with MeCl, by heating 
quinidine with cone. IICl. White, amorphous 
powder (containing 2aq). Sol. alcohol and ether, 
[o]j) = 163*3 p= 2, t = 16° in 97 p.c. alcohol. The 
solution in dilute II2SO4 does not fluoresce, and 
gives no green colour with Cl and NH, (Hesse, 
A. 206, 326). 

Hydrochloride: acioular crystals, v. sol. 
water. — B'HgPtCla 3aq : yellow flocculent pp. 

Diacetyl derivative C,jH2oAo2Ni02. 
[a]i'=4Q*4° in a 2 p.c. solution in 97 p.c. alco- 
hol at 15°. Its suilphate fluoresces blue, and 
gives a green colour with Cl and NH,. — 
B'HjPtClg'Jaq : golden orystalfl'ne pp. 

Apoquinidine ohlorohydride CipHggCINjO,. 
Formed by heating quinidin# or apoquinidine 
with fuming HCl at 160°. Crystalline (with 2aq) 
or amorphous when anhydrous [164°]. Sol. ether 
and alcohol. Wd = 203*7° (p = 2, f •» 15*97 v, p.c. 
alcohol). Does rfbt give a green colour vrith Cl 
and NH,.— B'2HC1.— B'H^tCl, 4aq. 

Diacetyl derivative G„H2,Ao2ClN,0,. 
[168°]. Gives no green colour with Cl and NH,. 
[a]|,=95° in a 2 p.c. solution in dilate HCL — 
B'HjPtCl, 8aq. 
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IfO*qiiiiiidina CjoH.^^NjO^. Fonned by dis- 
solving qninidine in cono. H^SO^ (Hesse, A. 24B, 
149). Long needles (from ether). — 8aq : 
needles.— B'l^tOla 3aq : yellow flocoulent pp. 

Qnlnieq^ CjoHojNjO. Quinene. [81°]. Formed 
by treatmeril of quinine or quinidine with PCI, 
followed by alcoholio KOH (Comstock a. Konigs, 
B. 17, 1989 ; 18, 1223). Trimetrio crystals (con- 
taining 2aq), a\b:c = -5322:1: -6042. The solution 
in dilute H^SO^ shows a greenish-blue fluo- 
rescence. By heating with IIBrp|(or HCl) it is 
converted into apd^uiniene G,8H„N02. 

Salt s. — B"H2Cl2ZnCl., 2aq : trimetric prisms, 
a:6:c = -3424:1: ‘4964.— Tho tartrate is si. sol. 
cold water, anl well crystallised. 

Dibromide C^oHy^Br^NoO. Obtained by 
addition of bromine to quiniene. By boiling 
with alcoholio KOH it is converted into dehydro- 
quiniene CjoHooNaO. The hydrobromide 
B^U^Br^ 2aq forms yellow crystals, si. sol. alco- 
hol, aqueous HB^or cold water (Comstock a. 
Kdnigs, B. 20, 25fo). 

Dehydroquiniene CioHooN^O. Formed by 
boiling quiniene-di-bromide with alcoholic KOli. 
Colourless crystals (with 3aq). V. sol. alcohol 
and ether, nearly insol. water. Dissolves in very 
dilute H2SO4 with a strong green-bliio fluores- 
cence. Gives the quinine reaction with chlorine 
and ammonia (Comitock a. Konigs, B.20, 2517). 

Qainicine C.-oHotN^O^. [00°]. [o]d = 44° (in 
a 2 p.c. chloroform solution). Occurs in cin- 
chona bark (Howard, G. J. 24, Cl ; 25, 101). 
Formed by heating the sulphate of quinine or 
quinidine with at 130° (Pasteur, C. Jl. 37, 
110 ; Hesse, A. 178, 245). Formed also by heat- 
ing quinine or quinidine with glycerin at 200° 
(Hesse, A. 166, 277). Oil, which slowly solidifies. 
SI. sol. water, v. sol. alcohol and ether. Its alco- 
holic solution is alkaline to litmus. Cl and Nil, 
give a green colour. Its solution in dilute 
H2SO4 is not^uorescent. 

gaits.— B'H^PtCl, 2aq. — B'HI aq. — 
B'.^HjSO^ 3aq.— Oxalate B'jILOiO^ 9aq. S. -4 
at 16°. — Acid tartrate B'C^H^Oj 6aq. [100°]. 
Sulphocyanide B'HSCy ^aq. 

Apoquiniene C,8H,,NO.» Ayoconquinine. [240°]. 
Formed by heating quiniene with aqueous HBr 
(S.G. 1-6) at about 180° (Comstock a. Konigs, B, 
18, 1220). Colourless crystals. V. sol. alcohol, 
b1. sol. water, ether, and benzene. It dissolves in 
aqueous acids and alkalis, forming yellow solu- 
tions. The sulphate is sparingly soluble. The 
hydrobromidc forms small yellow crystals. 

Cupreine C.^H^^NjO^. [198°]. (Paul a. 

Cownley, Ph. [8J 16, 221 ; Hesse, A. 230, 65). 
Occurs in cuprea bark. The crude quinine sul- 
phate from such bark i^ dissolved 'in aqueous 
H^SO^, excess of NaOH is added, and the ppd. 
quinine shahin out with ether. #The aqueous 
liquid is warmed and neutralised with H2SO4. 
Cupreine sulj^ate then separates (Hesse, A. 
226, 240 ; 230, 67). 

Prqperftas.— -Concentric prisms, containing 
2aq (from ether). From alcohol it separates in 
the dry form. V. si. sol. •ether or chloroform, 
more sol. alcohol. The alcoholio solution is 
alkaline to litmus, gives a dark reddish brown 
colour withFegCla, and a deep green with chlorine 
water, followed by ammonia. The solution in 
dilute H2SO4 does not fluoresce, but gives with 
NH, a pp. slightly soluble in excess ol NH„ 


and easily soluble in NaOH. Ether extracts the 
base from the ammoniacal solution, but not from 
the solution in NaOH. It rotates light to the 
right almost as strongly as quinine. Its neutral 
salts form yellow solutions; its acid salts are 
colourlt^s. HCl (S.G. 1-125) at 140° converts 
cupreine into apoquinine, no MeCl being evolved. 

Salts.- (Hesse, A. 230, 69.) B"2H.2S04 6aq. 
B"H..S04 aq. — B"HC1 aq. — B"(HCl)j. — 
(B"HCl)2PtCl4 4aq. — B"(HCl)2PtCl4 aq. — 
B"2H,C„0„ 2aq. The base combines with NaOH 
and K()H (1 mol.), but not with NHj. It also 
forms calcium, load, and silver compounds. 

Diacetyl derivative CuHj^ACjNjjOj 
[88°]. Salt.— C,„H2oAc,N.,02H2PtCla8aq. 

Mono-methylo- compounds Is 
thrown down on adding Mel to alcoholio cupreine 
solution. Colouijess needles, very sparingly solu- 
ble in alcohol or water, insoluble in ether. Very 
soluble both in acids and alkalis. — B"MeCl.— 
BnieCl.HCl.PtCl4 2aq.-(B"Me)2S04. On adding 
baryta to a solution of the methylo-sulphate, 
and evaporating* the filtrate, the hydroxide, 
(B"Mc)OH, remains as a yellow amorphous 
residue. It has a bitter taste, is insoluble in 
ether, but very soluble in water. With a little 
bleaching-powdcr and ammonia it gives a green 
colour; if more bleaching-powder is used the 
colour is red. 

Di-methylo- compounds B"2MeI 5aq 
forms orange plates (from water), soluble in 
acids, alkalis, and alcohol (though not in water). 
The corresponding hydroxide is only known in 
solution. 

Hydrocupreine C,i,H24N20j. [169°]. Formed 
by heating hydroquinine sulphate with HClAq 
(S.G. 1-125) (Hesse, A. 241, 279). Microcrys- 
talline powder (containing 2aq). Alkaline 
to litmus. A solution of its sulpliate does not 
fluoresce— B'2H2S04 : small needles, v. si. sol. 
water and alcohol. — B'2C4n608 2aq. — B'H2Cl2aq. 
- B'H,PtCl„. 

Homoquinine. This substance, obtained from 
China cuprea (the bark of Rcmijia pedunculata) 
(Howard a. Hodgkin, C. J. 41, 66), is also formed 
by adding sodium cupreine to quinine hydfo- 
chloride (Hesse, A. 230, 70). It is therefore a 
molecular compound of quinine and cupreine, 
C..8H..4N20.,,C,8H,,.-N,0 4aq. 

Cuscamine. *[’21B°j; An alkaloid in the bark 
of Cinchona Pclletierana (Hesse, A. 200, 304). 
Prisms ; v. sol. ether, m. sol. alcohol. 

Cusconine C..3H,.„N204 2aq. [110°]. S. (ether) 
3 at 18°. [a]D = -54° (in a 2 p.c. alcoholic solu- 
tion). Occurs together with aricine in the bark 
of C. cuprea (Hesse, 185, 320 ; Paul a. Cownley, 
Ph. [3] 12, 497). Plates (containing 2 aq) (from 
elher). Its acid solutions do not fluoresce. 
Lffivorotatory. Cone. HNO, turns it dark green. 
B'HHgClj2aq. — B'-^ILPtCleSaq: amorphous.— 
B'2H2S04xa(f— B'Hl>Cy2aq: yellow powder. 

ConcuBConine CajILiiNjO^ aq. [144°]. When 
dry [c. 208°]. [a]o= +40-8° at 15° in 2 per cent, 
alcoholic solution. In bark of Eemijia Purdicana 
(cuprea bark) (0. Hesse, A. 226, 234). Monoclinio 
crystals (containing aq). SI. sol. alcohol, but 
ppd. by water from that solution. V. sol. benzene, 
ether, and chloroform ; si. sol. petroleum. Its 
alcoholio solution is neutral to litmus. At 150° 
it partly changes to an amorphous variety. It 
forms no acetyl derivative with Ao,0. Cono, 
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HNOj added to its solution in acetic acid or HCl 
gives a splendid dark-green colour. Cone. HjSO* 
forms a blue-green solution, turned olive-green 
on wanning. 

S al 1 8 .—Mostly gelatinous.— (B'HCl)2PtCl4 
6 aq.— Prisms. 

(a) -Melhylo ‘iodide B'Mel. Cr58talline 
powder : hardly sol. alcohol, sol. boiling water. 
JVom it may be obtained: B'MeCl, needles; 
(B'M6Cl);,PtCl4, amorphous ; (B'Me)^SO,; and 
B'MeOH, which when dry melts at [202"']. 

{&)‘Methylo -iodide B'Mel. Gelatinous. 
V. sol. alcohol. From it may be obt:iine<l : 
B'MeCl, amorphous; (B'MeCl) PLCl,5aq, amor- 
phous ; (B'Mo).^S 04 ; B'MeOH 2 Uq. 

Cusconidine. An amorphous alkaloid in 
Cusco bark (Hesse, A. 200, :u)3). 

Concuscomdine C,,JI,^N.O,. [124°]. A 

slightly dextrorotatory amorplrous alkaloid, said 
to occur in cuprea bark (Ilcsse, B. lt>, 02). - 
B"..H,PtCl«. 

'Hydroquinine C,„II,,.N,0,. [108^]. [a]^ 

= -142-2^' {prz2'4: in Do p.c.;ilcohol at 20'^, but 
Wd — - 227*1° in dil. IICl. Discovered bv Hesse 
(B.16,850) in mother-liquors of quinine snipliate. 

Preparation (Hesse, A. 241, 2."),”)). — 'L'ho 
mother-liquor from (luiniiie monosulphate is 
treated with successive quantities of sulphuric 
acid until a neutral salt is obtained containing 
over 30 p.c. of hydroquinino suljdiate. The 
quinine is then removed with KMnO,, and after 
neutralisation with NaOHAq the liydroquiiiino 
is extracted with ether, benzene, or chloroform. 

Properties.— Can be obtained by neutralising 
the solution in dilute acid with NaOHAq 
as an amorphous pp. having the composition 
C.44H2riN,^0, 2aq. Crystallises from clilorofoiin 
in concentric grouped needles. V. sol. alcohol, 
chloroform, ether, benzene, and CS^., m. sol. 
ammonia, si. sol. \vater, iusol. NaOHAq. vSolu- 
tion in dilute H.BO^ shows blue Huoresctmee, 
and gives the same reactions as quinine with 
Cl and ammonia, but dccolomisijs KMnO, very 
slowly. Alkaline reaction, hitter taste. Heated 
with HCl it yields hydvocupieme. 

« Salts.— B'oII_.)SO^0aq ; short white jirisms ; 
V. sol. alcohol ami hot water, si. sol. cold water, 
insol. ether. S. *287 at If/-'. [a]„= - — 

B'HjSO^ 3aq : long thin needles ; v. sol. water 
and alcohol, m. sol. affitono. Heated to 120° 
it gives off water, and to 140° yields hydioqnin- 
ioin sulphate.— B'2H2S.p,2aq.—B'HC12aq: Jong 
flat prisms; v. sol. water and alcohol, insol. 
ether. — B'jPtClJT^Oaq : yellow amorphous pp. ; 
V. si. sol. water and alcohol. — B'PtClJI.^ 2aq. — 
B'2AuCl,H 2aq(?) : yellow amorphous pp. — 
B'2HClHgCl2 : small colourle.ss flat needles. — 
B'BrH2aq. — B'(BrH)2 3aq: B'lII : oil, becoming 
solid but not crystallising, — B'(IH),4aq: shint'.ng 
yellow needles. — scaq : metallic, dichroic 
flat needles, — B'HCNS: axc.sin; m.sol. water.— 
B'C-^HjOgSaq. [100°]: small colourless needles; 
V. sol. water and alcohol. — Benzoate B'C,}!.^^: 
small needles ; v. sol. alcohol, si. sol. water. — 
Salicylate B'CjHaOj: small colourless needles; 
V. si. sol. cold water, m. sol. hot water, v. sol. 
alcohol. — Piperonylate B'C^HjO,. — 
B'j0204Hj6aq: long shining needles; insol. ether, 
V. sol. hot, si. sol. cold, water, v. sol. alcohol. 
B. *213 at 15°.— B'.2C4H,.Oa 2aq : thick colourless 
piisina ; m. soL hot water, alcohol, v. sol. chloiu- 


form-alcohol, si. sol, water. S. *183 at 17®. 
[a]o=_17G*35° (c/.PA [8] 16, 1025).— Citrate 
B'jC^HsO. lOaq : small white needles ; v. sol. 
boiling, si. sot. cold, water. — B'2p04H3 7aq: small 
white needles; si. sol. water. — B'3(AsO4H,)2l0aq; 
long white needles.— -B'2Cr04H2 6aq^ng golden 
needles; m. sol. hot, si. sol. cold, w«er, v. si. sol. 
chloroform. 

Combinations. — 1. With cupreine 
C_.oH2,(N202.C,„H22N202 2aq ; long shining needles 
grouped concentrically. — 2. With quinidine 
C..„H,^N.20...C.foH24N..02 2.Uq ; white needles. — 3- 
With anethol (C2'H26N202).jD,oH,202aq. Large 
shining dimctric prisms. V. sol. hot alcohol, 
ether; si. sol. cold alcohol; insol. water. De- 
composes at 120° into hydcoqutnine, anethol, 
and water.— 4. Also forma compounds with 
hydroquinidine, cinchonidine, hydrocinchon- 
idiue, and hoinociuohonidine, but not with cin- 
chonine or hydrociiichonine. 

Methylo- compounds B'MelEtOH. fPale 
yellow piisms. [218°]. V. sol. hot, m. sol. 
cold alcohol, insol. water.— B'MeCl 2aq [1G8°], 
— B'MellPtClrt 2aq : orange-red needles. — 
B'.MePtCl^: pale-yellow needles; m. sol. alco- 
hol and water,— B'MeOH. : rcsiti ; insol. ether 
and chloroform ; v. sol. alcohol and water. Ab- 
sorbs COj. 

Acetyl derivative CjuH.iN.^O Ac. [c. 40°]. 
V. sol. ether, alcohol, bt^zeue, acetone, and 
acids; si. sol. water, and NHj. [a]o- -.78-9o. 
in 3 molecules HClAq p 3, t - 15°. — 
(C.uIL,AcN20_.)PtCl,.H.2.iq: powdery pp.; si. sol. 
dll. IICl and water. — (C.„H .AcNjO.J BO4IL Daq ; 
long needles ; v. sol. hot water, alcohol, si. sol, 
cold water, insol. ether. 

Sulphonic acid. — Strong HBO4 at 
ordinary temperatures forms hydroquinine sul- 
phonic acid C_,nIL-,N ,0_.,SO,H aq [23D°j ; insol. 
ether, chloroform ; s). sol. NIIj and NaOHAq.— 
(C.„FL,N202.S03H)PtCl,H,8aq : pale - yellow 
needles. a 

Hydroquinicine C2,JI.„N202. Formed by 
fusing hydro(ii.iniiio sulphate at 140° (Hesse, 
.4. 241, 273). Yellow resm. V. sol. ether, 
alcohol, chloroform and dilute acids. {Solution 
in dilute H2SO4 is intensely yellow, addition of 
chlorine-water and ammonia gives a yellowish 
green colouration. More easily acted on by 
KMnO, than hydroquinine. —Salts. — Neutral 
sulphate ; white needles, v. e. sol. alcohol and 
water. — B'PtCljH, aq : pale yellow flocculent pp. 
changing to oraugc-colourcd crystals insol. water, 
b1. sol. dilute HCl. 

Hydroquinidine C .JI^.NjO.,. Hydroconqum- 
ine. [1G7°]. Occurs in crude quinidine, and 
obtained therefrom by treatment in acid solution 
with KMn04 which ilpes not attack liydroquin- 
idine (Forst a. Bohringer, B. 14, 1954; 15, 61D, 
1G6G ; lless>j, B. 15, 854). Nekdles or tables, 
M. sol. ether, v. sol. alcohol and chloroform. 
The alcoholic solution is alkaline to litmus. Its 
.solution in dilute H2SO4 shows blue fluorescence. 
It is dextrorotatory. Chlorine- water and NHj 
give a green colour. Chromic mixture forms 
quinic acid. v 

Salta. — E'HCl; soluble prismatic tables.— 
B'HBr: plates, si. sol. cold water, — B'H,PtCl«2aq. 
I>',H2S04 12aq. — B'lII.— B'H 3aq : large orunga 
soluble crystals. — Tartrate l3'2C4HaOg 2aq : 
glistening soluble prisms. Acid tartrat* 
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B'C4 HjOo 3aq : thin white needles, al. sol. cold 
water. — Bon^soate B O^HuOj: colourless tables. 
—Salicylate B'C^H^Oa : six-sided tables. 

Hydrooinchonidine. Identical with Cinchami- 
DiNK {v. Cinchona bases). * 

Homooinchonidine OiaHjj^NaO. [206“]. 8. 

(alcohol)i£'9 at 13“ ; S. (ether) *46 at 15“. 
[a]n— — in a 2 p.c. alcoliolic solution at 5“. 
Occurs in very small quantity in many cinchona 
barks, especially that of G. rosidmta (Hesse, B. 
14, 40, 1891; A. 205, 203; 207, 310; cf. Bkraup, 
A, 199, 305). Obtained by reorystallisation of 
crude ciiichonidme sulphate, ^ft-isms or plates. 
Loavorotatory. Its alcoholic solution is alkaline 
to litmus. Its solution in ILSO., docs not 
fluoresce. Jt gives no green colour with Cl and 
NHj. Cone. HO! at 150“ gives apocinchonidine 
and apocinchonidine chlorohydride. KMnO^ 
forms formic acid and cinchotenidine. 

Salts. -B'HClaq.-B'HC12aq. [ah,= -139“. 
— B'H,PtCl« aq.-B'2n,.PtCl, 2aq.~B'HNO, aq.— 
B«,S,03 2aq. S. -5 at 13“.— B'.,H,S()4 6aq. S. 
1-15 at 22“. [ai,~ -138“ in an 8 p.c. aqueous 
solution.— B'HSCy. — Tartrate BC4H,0«2aq. 
S. -075 at 10“.- -Quin ate B'C,H,A. -Phenyl 
sulphate B'.dlSOJ’h 5aq. 

Acetyl derivative C,j,lL,AcN_jO. [a],, 
5= - 34“ m a 2 p.c. alcoholic solution at 15“. — 
B'H.PtCl, 2aq.— B'(lT.\uCl,)., aq. 

Cinchoieiiidine C|slf .,,N,0,. [25G“ cor.]. 8. 
(alcohol) *13 at 18 ’. i'oimed by oxidation of 
homocinchonidino or cinchonidiuo (Skraup a. 
Vortmann, A. 197, 235 ; Hesse, B. 14, 1892). 
Needles or prisms (containing 3aq). Its solution 
in dilute HBO, does not fluoresce. Its solution 
in HCIAq is laivorotatory. [a],,--— 201“. — 

B'H,PtClh.'- -B'._.H_;SO,2\aq; v. e. sol. water. 

Diconquinine 0,oH,„N40,. An amorphous 

alkaloid occurring in most cinchona barks 

(Hesse, B, 10, 2155). Is the chief constituent 
of commercial ‘quinoidine.’ Dextrorotatory. 

Gives a green colour with Cl and Nil,. The 
solution iit dilute 11,80, is fluorescent. Its 
salts are amorphous, 

Paricine C,JI,sN.p. [150“J. Found by 
Winkler (J3. J. 27, 338) in a false cinchona bark. 
Occurs in the bark of G. lutea, and G. siiccoruhra 
of Darjeeling (Hesse, A. 101), 203; Ph. [3] 9, 839). 
The aqueous solution of the mixed sulphates of 
quinine, cinchonine, paricine, etc. is treated 
with cone. UNO, which throws down paricine 
nitrate. Paricine may also bo ppd. from the 
mixed sulphates by adding NaOOj to feeble 
alkaline reaction. Yellow powder. V. e. sol. 
alcohol and ether. The alcoholic solution is 
alkaline to litmus and is inactive. — 
B'.,H2PtCl« 4aq. 

Javanine. Occurs in the bark qf C.4Jalisajia 
javanica (Hesse, B. K), 2102). Plates (from 
water). Its solution in dilute 11,80, is intensely 
yellow. • , * 

CINCHONIC ACID V. Qoinoline-(P 2/. l)-GAtt- 

EOXYLIC AClf. 


CINCHONIDINE C,bH,.N.,0. [200°] (H.); 

[210“ cor.] (S. a. V.). 8. -00 at 10“. S. (ether) 
•53 at 16“ ; S. (97 p.c. alcohol) 0*1 at 13“. 
[«]i)= -70“ in a 4 p.c? solution in alcohol- 
tdiloroforra. Discovered by Winkler (Repert. 
Pharm, [2] 48, 381 ; 49, 1) and occurs in most 
cinchona baiks (Leers, A. 82, 147 ; Pasteur, 
0. li. 37, 110 ; C, J, C, 275 ; Bussy a. Guibourt, 


J.Ph. [3] 22, 401; Hesse, A. 136, 833; 166, 
240; 176, 203; 181, 60; 182, 160; 205, 196; 
207, 310 ; Skraup a. Vortmann, A. 197, 226). 
Separated from quinine and other bases by re- 
peated extraction with ether. It is then con- 
verted into the hydrochloride and ppd. by hydro- 
sodio tartrate. The base, liberated from the 
tartrtfte, is then crystallised from alcohol. 

Prgperties. — Gives no green colour with 
chlorine water and ammonia. Its solution in 
dilute H^S04 does not fluoresce. 

Reactions. — 1. HNO,, gives the same products 
as with cinchonine. CrOj does the same.— 2. 
H^SO^ at 130“ or glycerin at 200“ converts it 
into cinchonicino. — 3. Heating with HCl gives 
apocinchonidine, (/3)-ciuchonidine, and apocin- 
chonidinc chloro-hydride.— 4. Oxidised by KMnO, 
to pyridine tri-carboxylic acid. [257“] (Ramsay 
a. Dobbio, G. J. 35, 189). — 5. PClj converts it 
into cinohoniihne-chlorido C,(,n.j,N.^Cl, which by 
boiling with alcoholic KOH gives cinchene 
C,oH.oN 2, and this by heating with HCl at 220“ 
is converted into apocinchene CjgHj^NO (Com- 
stock a. Konigi^ B. 17, 1980). 

Salts. — B'HClaq: monoclinio crystals. S. 
3*3 at 10“. 8. (ether) ‘3 at 10°. Lievorotatory. 
[o]„ varies from -24“ (in chloroform) to —152“ 
(in dilute HCIAq). — B'HCl2aq; prisms.-- 
B'H..Cl . aq. -B'H .HgCl^ : scales. -B'H ,PtClg aq. 
B'fT'.PtCl,.2aq. BTI.AuCl,. — B'HT,aq. - 
iniNO, aq. 8. 1-4 at 10“.— B'^IL.SO^ Caq. S. 1 
at 12“ ; 1-5 at 22“ : prisms. [a]i,= -lll“ (in 
water). — BILSO, 5aq : striated prisms, v. sol. 
water and alcohol. — B'(H2804)2 2aq : short 
prisms, si. sol. cold water. — B'H.S^O., 2aq. S. 
•45 at 10“.— B',„(H2S04)i,ngl32 8aq : golden plates 
(Horapath, C. j. 9, 130 ; Jorgensen, J. pr. [21 14, 
371).--B\(H,.S04).2H3lB4aq.-BVH2S04),HJ,s6aq. 
B'..i[.80jn,aq. — BV.(H..Se04)j,H,l3. 8aq. — 
B',;H'.8e().HL,aq. - B'/HjPO^l.^Piaq.— 
B':(H3pO,),,HI,.— B'2(H,As04)2.-B'H8Cy. S. *6 
at20“. Acetate B'lIOAcaq. — Benzoate 
I BUH.O^. S.-3 at 10“.— Oxalate BMI.CAOaq. 
8. -4 at 10“. [a]o = - 99“. — B'.,H ,C .oAl*. - 
Succinate 2aq. S. *17 at 10“. 

Tartrate B'jC^H^Oa 2aq : crystalline pp.; in- 
sol. aqueous sodio-potassium tartrate. 8* ‘Ol 
at 10“ (tartrate of cinchonine is far more 
soluble). — B'.jCjH^OJHs. — Acid tartrate 
B'(C4H«0«)2 3aq. — Salicylate B'C,HeOj. S, 
•13 at 18“. • 

Gombinations with Phenol. — B'jHOPh. 
Prisms. Formed by mixing alcoholic solutions 
of phenol and cinchonidine.— B'2(HOPh).,: un- 
stable crystals. —B'HClHOPhaq : crystalline 
grains, formed by adding phenol to an aqueous 
solution of cinclionidine hydrochloride. — 
B'.jSOjHOPh 5aq. Formed by mixing hot aque- 
ous solutions of phenol and cinchonidine sul- 
•phate. Prisms. 8. *235 at 15“. 

Acetyl derivative CmHgiAcNjO. [42°]. 
[aju** —3^ in a ^p.c. alcoholic solution at 16“ ; 
= —81° in a solution in dilute HCt. Brittle 
mass. — B'HoPtCi,, 2aq. — B'(HAuCl4)2 aq. 

Methyl-cinchonidine C,9H.2,MeN.,0. [76°]. 

From the iodide by treatment with aqueous 
KOH (Stahlschmidt, A. 90, 218 ; Claus a. Bock, 
B. 13, 2191; Hesse, B. 14, 45). Needles or 
tables (containing (n\). Its salts are mostly 
deliquescent. Iodide CjJLiMeN^OHI. [24 8“ J. 
From cinchonidine and Mel. Slender needles.-* 



184 


CINCHONINE. 


Chloride BHCl. [168®]. Slender needles 
(containing aq).— B'HsPtGlgSaq. 

Methylo ’iodide O|0H2iMeN2O.MeI 2aq : 
crystals. 

Methylo-di’iodide 0,BH2iMeN30.HLMeI : 
large prisms. 

Sthyl - cinchonidine O^jH^N^O. [90®]. 
Colourless needles. V. sol. alcohol and ether, 
insol. water. Prepared by the action of aqueous 
KOH on the iodide (Claus a. Dannenbaum, B. 
18 , 2189). 

Salts. — B'HOlSaq: cubes; v. sol. water 
and alcohol (Howard, C. 26, 1181; Claus, B. 
14 , 1922). Laevorotatory.— B'HBr aq.— B'HI. 
^61®]t From cinchonidine and EtI. Needles. 
B'HI,.— B'HCy. [140°]. Slender needles, v. 
sol. water (Claus a. Merck, B. 16, 2746). — 
B^HgCyPtCl^ ; crystalline pp. 

Methylo-iodide BMel. Colburless needles. 
Decomposes at 267°. 

Ethylo ’iodide BEtl. Besembles the 
methylo-iodide; on treatment with KOH it 
gives a di-ethyl-cinchonidine. f 

Ethylo ’di-iodide CjaHjiEtNjOHEtlaaq. 
[266®]. Golden crystals. 

Isoamyl - cinchonidine CteH,, (CjH„)N20. 
Besin. — B'HjPtCl, jcaq (Claus a. Weller, B. 14, 
1922 ). 

Bi-bromo-oinchonidine CjaHnoBraNjO. From 
cinchonidine in CS^ and Br (Skalweit, A. 172, 
103). — B'ByBr,; needles, v. sol. alcohol. 

Bi-oxy-oinchonidine From 

the preceding by long boihng with alcoholic 
EOH (S.). Kamified crystals.— B'2H2S042aq: 
plates.— B'HjSO^.—B'BEjPtClg. 

Apooinohonidine C^H^sNjO. [225®]. [ajo 
■■ — 129® in a J p.e. alcoholic solution at 15®. 
Formed by heating cinchonidine with HCl (6 pts. 
of «.G. 1-106) at 160® (Hesse, A. 205, 327). 
Small plates (from alcohol). Lasvorotatory. Its 
acid solutions do not fluoresce.— B'H2PtCls2aq. 

Acetyl derivative CmH^iAcNjO. [a]o 
mm —62® in a 2 p.c. alcoholic solution at 15°, — 
B'H^Cla2aq.— B'(HAuCl4)2 aq. 

Apocinchonidine chlorohydride C,sH23ClN20 . 
[200®]. Wd- - 142® in a 2 p.c. solution of dilute 
HCl (containing 3HC1). From apocinchonidine 
and fuming HCl at 160® (Zorn, J. pr, [2] 8 , 283 ; 
Hesse, A. 206, 346). Plates (from alcohol). 
Lmvorotatory.— B'HjClj.— B'H2PtClfl2aq. 

Acetyl derivative CjaHj^AcClNjO. [160°]. 
Prisms (from ether). Lffivorotatory, — 
B'^tCl,2aq. 

^)-Cinchonidine'* [207®]. [a]o 

« — 181® in a 1^ p.c. solution in dilute HCl at 
16 ®, Formed, together with apocinchonidine, 
by beating cinchonidine with HCl (S.G. 1-105) 
at 140°. Separated from apocinchonidine 
through the insolubility of its tartrate (Hesse, A. 
206, 827). Short prisms or plates. Lsevorotatory. 
The neutral tartrate is x si. sol water. By 
heating with HCl for a long time it changes to 
apocinchonidine. — B'H^Ci, aq. 

Iso-oinobonidine [235®]. Formed 

by dissolving cinchonidine in cone. H2SO4 
(Hesse, A, 248, 149). Colourless plates. V. si. 
sol, etiier, v. sol. alcohol and chloroform. 

CnrCHONUrB CiiHa^N^O. [236°] (when 
slowly heated); [248^-252°] (when quickly 
heated) (Hesse); [260®] (Skraup). [a]p = 226° in 
a 1 p.c. alcoholic solution; -256® in dilute 


H2SO4; - 268 ® in a 10 p.o. solution oontaining 
1 mol. HjS 04 at 16° (Hesse ; cf. Oudemans, Ar, 
merl. 10, 1931 S. -262 at 10° ; S. (alcohol of 
S.G.-862) -71 \t 10°; S. (ether) -27 at 10°; S. 
(CHCy -28. Occurs, together with quinine, in 
most of the true cinchona barks (Foujfkroy, Arm, 
Ghim. 8, 113 ; 9, 7 ; Vauquelin, Anr^ Chim, 69, 
30, 148; Gomez, Edinb. Med. and Surg. Journal, 
1811, 420 ; Pfaff, Schw. J. 10, 366 ; Pelletier a. 
Caventou, A. Ch. 16, 291, 337; Pelletier a. 
Dumas, A. Gh. 24, 169 ; Gerhardt, Revue scient. 
10, 886 ; Traife, 4, 105 ; Laurent, A, Ch. [3] 19, 
363 ; Regnault, A. Ch. 68, 113 ; A. 26, 16 ; 
Liebig, A. 26, 49 ; Hlasiwetz, A. 77, 49 ; Weidel, 
A. 173, 76 ; Hesse, A. 122, 226 ; 135, 326 ; 166, 
217 ; 206, 211 ; Skraup, A. 197, 363 ; Oudemans 
A. 182, 44). 

Preimration.—ThQ bark is extracted with 
dilute acid. The alkaloids are ppd. by lime, 
NSjCOj, or NaOH, and crystallised from alcohol 
(85 p.c.). Cinchonine crystallises out bei)re 
quinine, unless the quantity of*the latter present 
be relatively large, in which case a portion of 
the quinine is first removed by crystallisation of 
the sulphates. Quinine may be separated from 
cinchonine by ether, which dissolves quinine 
most readily. 

Properties. — Prisms (from alcohol). When 
ppd. by ammonia from aqueous solutions of its 
salts it is amorphous, but rabidly becomes crys- 
talline. Tastes bitter. Its solutions are alka- 
j line to litmus and dextro-rotatory. Its solution 
in dilute HjSO^ does not fluoresce. It does not 
give a green colour with chlorine- water and 
ammonia. It gives a yellow pp. with chloride 
of iodine. 

Reactions. — 1. Oxidised by KMn 04 to pyri- 
dine tri-carboxylic acid (Dobbio a. Eamsay, C. J. 
35, 189). 10 g. cinchonine dissolved in 4-6 g. 
H 2 SO 4 , diluted with water to 100 c.c., and treated 
gradually with 285 c.c. of a 6 p.c. solution of 
KMn 04 gives cinchotine, cinchotenine, and 
quinoline carboxylic acid (Skraup, A. 201, 294). 
In the syrupy o^dation products of cinchonine 
are a monobasic acid C^Hi^NO,, a base OgHi^NO.^, 
yielding an ethyl-pyridine identical with that of 
Wyschnegradsky, CpH^NO, identical with Schrai- 
deberg a. Kretschy’s base kynurine, and an amor- 
phous product CisHjaNOj (Skraup, M. 7, 617, 
618). Alkaline KMnO, gives off 41 p.c. of the 
nitrogen as NH, (Hoogewerff a. Van Dorp, A. 
204, 90).— 2. H 2 SO 4 and PbOj give a red sub- 
stance, cinchonotin (Marchand, J. Ghim. Med. 
10, 362).— 3. Boiling HNO 3 (S.G. 1-4) forms 
quinoline carboxylic (cinchonic) acid, quinolic 
acid CjHaNjO,, pyridine dicarboxylic (cincho- 
meronir.) acid, pyridine tri-carboxylic acid and 
a base C^H.^N A (Weidel, A. 173, 76).-4. CrO, 
gives quinoline carboxylic acid and some formic 
acid, which pdrhaps indicates a mUhoxyl group 
(Skraup, A. 201, 294).— 5. PClj converts it into 
cinchonine-chloride CjAi^iiCl [92% which by 
boiling with alcoholic KOH gives cinchene 
CipHjoNj, and this by heating with HCl at 220°- 
230® is converted into apocinchene CigHjjNO by 
splitting off MeCl aifd NH, and taking up H^O 
(Comstock a. Kdnigs, B. 17, 1984). — ^6. Treat 
ment with CuO and KOH gives quinoline and 
a resin whence oxidation produces pyridine di- 
carboxylic acid (Wyschnegradsky, B. 18, 2318). 
7 . Distillation with solid potash yields methyl- 
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iimine, (a) tnd {$) di-methyl.pyridine, (a) and 
($) tri-methyl-pyridine, quinoline, and quinoline 
tetrahydride (Oechsner de Coninfik, A. Ch. [6] 
27, 463 ; C. B, 94, 87).~8. Aquews KOH gives 
quinoline and a solid body (Butlerow, J. B. 10, 
244); in fkesenoe of superheated steam EOH 
forms also methyl-quinoline (Krakau, Bl. [2] 46, 
248).— 9. HjSO^ and a little water at 130° forms 
the isomeric oinchonicine ; this body is also 
formed by fusing the acid sulphate of cinchonine. 
According to Jungfleisch a. L6ger (0. B. 105, 
1255) pure sulphq^e of oinchoniife dissolved in 
a mixture of equal parts of water and pure HjS04 
yields a colourless liquid, which when heated for 
some time to 120° and thou rendered alkaline 
yields a pp. cff six bases : oinchonibine 
(od = +176-8° in a f p.o. alcoholic solution), oin- 
ohonifine(aD= +195°),cinohonigine(ai,= —60°), 
cinchoniline (aD= +63°), all having the for- 
mula O88H22N0O.2, and trie two oxycinclionines 
(a,,^ + 182-56° and 01,= ^ 187*14°) of the formula 
OshH, 2N204. Fusing H2SO4 forms cinchonine 
Bulphonic acid. — 10. HCl at 160° forma succes- 
sively apocinchonine, diapocinchonino, and 
finally apocinchonine chlorohydride. — 11. The 
product of the action of sodium ethylate on 
cinchonine, after distilling with steam, yields 
C2oH2aN2, a heavy reddish yellow viscous oil 
smelling like quinoline. The constitution of this 
base is probably 0,8H2|N2(C2Hj) (Michael, .4m. 7, 
182).— 12, Cone. HBrAq forms apocinchonine 
bromohydride Oi9H2,BrN20 and the hydrobro- 
mide of that body CigHjsBrNjOH.Brj (Skraup, 
4. 201, 324). 

Salts. — B'IIC12aq, S. 4-2 at 10° ; S. (alco- 
hol) 77 at 16°; S. (ether) -35. [a]„ = 163° in a 

1 p.o. aqueous solution ; = 212° in presence of 

2 mol. HCl (Hesse; cf. Schwabe, J. Ph. [3] 38, 

389).-B'H2Cl2.-B'HCl. - B'H.F2 ^aq (Elder- 
horst, A. 74, 80).— B'n2lIgCl4 : formed by mix- 
ing alcoholic solutions of cinchonine hydrochlor- 
ide and of*HgCl2 (Hinterberger, 4. 77, 201). 
N^dles. — B'HjZnCl^ aq. — B'jHsZnClg 3aq. — 
B'oH.ZnClg aq.— B'H2SnCl4.— B'H2PtCl« : amor- 
phous pp. — B'H.PtCl^ aq. — B'H2PtCl„ 2aq. — 
B'H2AuGl5. — B'HClOj : bulky crystalline tufts 
(Serullas, 4. Ch. [2] 45, 278),-B'(HC10,)2 aq 
(Bodecker, 4. 71, 59; Dauber, 4. 71, 66). — 
B'H,Br.,.-B'ni aq.-~ B'H,J2 aq.— B'HI, (Bauer, 
Ar. Ph. [3] 5, 289 ; cf. Pelletier, A. Ch. [2] 63, 
181).— B'HIj aq [92°]; trimetric brown tables 
(from alcohol) (Jdrgensen, J. pr. [2] 3, 145 ; 15, 
82).— B'lIClHJ, [97°].— B'H2HgI*(Caillot, B. J. 
10. 193). — B'8(H2S04),H8l,;2aq. [140°-145°] 

(Jorgensen, J. pr. [2] 14, 366; cf. Herapath, 
C. J. 9, 161).-B' (H2S04).H4l,4.— B'jHjSO^HJ,. 
B'2H2Se04H2l8. - B'(H 2 C; 04 ) 2 H 4 l,<^ — C'Hiba. 
Explodes at 120°.— BTI,FeCya 2aq : formed by 
mixing alcoholic solutions of cinchonine and 
HjFeCya; l^ion-yellow pp. ; v.'sl. sol. alcohol 
(Dollfus, 4. 66, 224).— B'HjFeCyj 2aq : orange 
pp., formed^by adding aqueous KjFeCy, to 
aqueous cinchonine hydrochloride — B'HSCy. — 
B'HNOjaq: prisms, v. sol. water. [a]i, = 172° 
Bouchardat).— B'2H.2S04 2aq. Hard prisms. S. 
1*6 at 13°. [a]ij =. 169° ii/a 1 p.o. aqueous solu- 
tion ; -- 193° in a 1 p.o. alcoholic solution (Hesse). 
[a]n-f-[a]o=- 1-268 (Grimbert, J. Ph. [6] 16, 295). 
B'll SOj 3aq : trimetric octahedra (Baup, A. Ch. 
[2] 27, 323).-BTI.S(),4aq. ~-B'..H.2S.20^2aq.— 
B',H2S20, aq. — B'ACr^O,. - B',H,P04 12aq.- 


B'jHtAsO^ 12aq.— 0 x a 1 at e B'Hj0304 2aq. S. 1 
at 10°. — Succinate B'04HB04Uaq. — 
B'04H404 aq.— Tartrate B'jC4H404 2aq. S. 3 
at 16°. — Acid tartrate B'G4H404 4aq. S. 1 
at 16° (Pasteur, J. 1853,419). — Ljevotar- 
trate B'C4H,08aq. S. (alcohol) *3 at 19°; 
V. si. fcl. water.— Citrate B'jCgHjO, 4aq. 8. 
2-1 at 12°, Acid citrate B'^CgHgO, 4aq. S. 
1-8 at 16°.-Urate B'C,H4N40, 4aq.-Piorate 
B'3(CgH2(NOj{)j(OH))j,. — B e n z 0 ate B'HOBz. S. 
•6 at 15°. 

Acetyl derivative O^HjiAcNjO. [«]» 
= 114° in a 2 p.c. alcoholic solution. Amor- 
phous; V. sol. alcohol and ether.— B'E^PtCl. aq. 
B'(HAuGl4).,aq. 

Benzoyl derivative CisH^iBzNjO. 
Amorphous (Schiitzenberger, A. 108, 351). — 
BTI ,PtCla a:aq. 

Methyl-oinohonine 0|»Hj,MeN2O. [74°], 
^rom cinchonine by successive treatment with 
MeBr and aqueous KOII (Claus, B. 13, 2286 ; 
cf. Stahlschmidt, 4. 90, 218). Tables (from 
ether). B'HBraq. Cinchonine methylo-bromide. 
[248°]. From cinchonine and MeBr. Said not 
to be identical with the compound of methyl- 
cinchonine with HBr,— B'HI [254°].— B'HI, 
[162°].— B'HjPtClaaq.— B'HMeBrj [236°]. From 
cinchonine (1 mol.) and MeBr (2 mols.) at 160°, 
B'Mel. [201°]; needles.— B'Me^Ij. [236°]. 

Ethyl-cinchonine C^^HjgNjO. [60°]. Crystal- 
line solid. Prepared by the action of alcoholic 
KOH on cinchonine-ethylo-iodide (Claus a. 
Komperdick, B. 13, 2286 ; ef. Howard, C. J. 26, 
1183). 

Salts.— B'HI. [260°]. Cinchonine ethylo- 
iodide. White needles. From cinchonine and 
EtI.— B'HCl aq.— B'HBr.-B'HI, [142°] (JOrgen- 
sen, tT.pr. [2] 3, 162). — B'H^ClaPtCla 2aq : yellow 
pp. The gold double chloride forms small 
yellow plates. 

Ethylo-iodide B'Etl. [242°]. /rom 
ethyl-cinchonine and EtI. Fine white needles. 
With KOH it gives di-ethyl-cinchonine. B'HEtl,. 
Cinchonine di-ethylo-ioduie: B'Et^I^aq. [264°]. 
Yellow prisms sol. water. 

Benzyl- cinchonine C2aHj,N20. [117°]. Colpur- 
less needles. Prepared by the action of KOH on 
cinchonino-benzylo-chloride (Claus a. Treupel, 
B. 13, 2294), — B'lICl. Cinchonine benzylo-chlor- 
ide. [248°]. From ^inclionind and CjH,Cl in 
alcohol. Needles, sol. hot water and alcohol. 
AgjO converts it into G,gH2i(07H,)N20 aq said 
not to be identical with the isomeride got by the 
action of KOH (Claus).— Carbonate [116°]. — 
B'H2Cl2PtCl4 2aq : yellow crystalline pp. 

Benzylo-chloride B'C^H^Cl; [266°] ; co- 
lourless noodles. 

Di-chloro-cinchonine CipHaoClaNjO. The hy- 
drochloride is ppd. by passing chlorine into a 
cone, solution of cinchonine hydrochloride 
(Laurent, A. C/t.i3] 24, 302). Crystalline.— 
B'HjCl^. S. (aKohol) 2. — B'HjPtCl, aq. — 

B'HjBrj. 

Bromo-cinchonine C,jH2,BrN,0. Formed by 
adding Br to an alcoholic solution of cinchonine 
(Laurent, 4. Ch. [3] 24, 302 ; A. Kopp, 4r. Ph. 
[3] 9, 34). Boiling alcoholic KOH gives ‘ oxy. 
cinchonine * [205°].— B'H.^Cl,. 

Di-bromo-cinohonine 0|,H.2oBrjNjO. Formed 
by bromination of cinchonine (Comstock a. 
Konigs, B. 17, 1995 ; of. Laurent, Compt. cAtm. 
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1849, 811). Colourless crystals containing aq. 
81. sol. alcohol, insol. water. Alcoholic KOH is 
said by H. Strecker (A. 123, 380) to convert it 
into an oxyoinchonine which crystallises from 
alcohol in plates. 

Cinchonine - (a) - di - bromide C,olLaN 
Formed by the action of bromine up^n cin- 
chonine dissolved in a mixture of chloroform 
and spirit. Crystallises with aq. Boiled with 
alcoholic KOH it is converted into dehydro- 
cinchonine — C,.,II_,.N..Br.^O,IIBra 

(Comstock a. Konigs, J3. 19, 2tiol ; 20, 2510). 

Cinchonine - (;3) - di - bromide Hr^. 

Formed at the same time as the preceding, from 
which it differs in crystallising in an anhydrous 
■condition. 

Cinchonine - di - bromide - sulphuric acid. 
J’ormed by several hours’ standing at the ordi- 
nary temperature of a solution of cinchonine-di- 
hromide in 7-8 i^arts of cone. H_,SO<. Crystal- 
line solid. SI. sol. cold water, v. sol. aqueous 
alkalis, an excess of which precipitates the 
alkaline salts of the acid. By heating with 
dilute HBr at c. 130° it is sj^lit up again into 
cinohonine-di-bromide and H.;S04 (Comstock 
«. Konigs, B. 10, 2855). 

Cinohonine-chloro-hydride C|.,H.,3ClN^O. Hy- 
drochlxyrcvnciionine. [213°]. Formed by allow- 
ing a solution of cinchonine in fuming HCl 
(saturated at -17°) to stand at the ordinary 
temperature for seveial weeks. Colourless crys- 
tals (from alcohol). By boiling with alcoholic 
KOH it yields isociuclioniiie and a little cin- 
chonine. The hydrochloride C,.JI.3C1N._.0, ILCl, 
crystallises in prisms (Comstock a. Konigs, JB. 
20, 2519). 

Cinohonine-bromo-hydride Cj^Hj^BrN.O. IJy- 
drobromdnehonine. 'Bromcinchonide ’ of Skraup. 
Formed by the action of fuming HBr (saturated 
at — 17°) upon cinchonine at the ordinary tem- 
perature or at 100°. Boiled with alcoholic KOH 
it gives a mixture of cinchonine and isocin- 
ohonine. — CigHosBrN^OjH^Brj (Comstock a. 
Kdnigs, J3. 20, 2520). 

Cinchonine - chloride C,„H,,N..C1. [72°]. 

Fosmed by heating the hydrochloride of cincho- 
nine with POCI3 and PCI,. Trimetric prisms. 
By boiling with alcoholic KOH it yields cinchene 
CjbHjoNs (Comstock a. Konigs, B. 14, 1854; 17, ! 
1984). ' • j 

Dehydro - cinchonine C,„n.„N.O. [203°]. 1 

Formed by heating cinchonine-di-bromide with I 
alcoholic KOH. Colo^urless needles. Sublimable. 
V. sol, alcohol, aceto*ne, and chloroform, m. sol. 
ether and hot benzene, v. si. sol. ligrom and | 
^£iter. — B'HBr : colourless prisms. — * B'HCl : 
very soluble long silky needles (Comstock a. 
Kdnigs, B. 19, 2856). ^ 

Dehydro-cinohonine-broms-hydride 
CiaH^BrNjO. Hydrohroindehydrocinchoniiu. 
Bromo-cinchoniite. [c. 215°]. •Crystalline. 
Formed by allowing a solution of dehydro- 
cinchonine in very cone. HBr to stand for 8 days 
at the ordinary temperature (Comstock a. Konigs, 
B. 20, 2524). 

* Dehydrocinchonine - chloride’ C,„H„N^C1. 
[149°]. Formed by the action of PClj upon de- 
nydrocinchonine. Colourless crystals. V. sol, 
alcohol, ether, acetone, chloroform, and benzene, 
peaily insul. ligrolu. By boiling with alcoholic 


KOH it is converted into dehydrocinoheac 
OioH.oN, (Comstock a. Konigs, B. 19, 2857). 

Di-hyaro-di-cinchonine (0,uH,^N.O)3. [258°]. 
Formed by treating an acid solution of cinchonine 
with sodium-amalgam or with zinc and H..SO4 
(Zorn, J.pr. [2] 8, 293 ; Howard, 0. X 1179 ; 
Skraup, B. 11, 312). Scales (fron](^lcohol). — 
B'lI.SO,. 

Hydrocinchonine C|9Ha4N.p. Formed at the 
same time as the above. Amorphous. When 
Cl is passed into an aqueous solution of its 
chloride there is formed hexa-chloro-hydro- 
ciuchonine C,,jn,„Cl„N .O aiW tetra - ohloro - 
dispoline C,,H7Cl4N. HNO3 converts hydrocin- 
chonine into amorphous tetra-nitro-hydroein- 
chonine C,.,H.^„(NO.,)jN ,0. • 

Cinchonibine C*9H,,N,0. [259°]. [a]o«176° 
(in alcohol); =220° (in HClAq). Insol. water 
and ether. Alkaline to litmus, but not to 
jdienol-phthalein. — B'Mel. — B'MeJ_, l],aq. — 
B'Etl.— B'Et^I^ (Jungfleisch a. L6ger, C. 

1410). ^ 

Cinchonigine CiglL.N.p. [ft8°]. [a]i>=— G0°. 
The bases formed from cinchonine by heating 
with sulphuric acid can be separated by ether. 
From the ethereal extract TlCl pps. cinchonigino 
hydrochloride and the mother-liquor on concen- 
tration, addition of soda and re-extraction with 
ether gives with HI cinchoniline liydro-iodide. 

I The bases insoluble in ethaf are 4 in number, 
i and are separated by weak alcohol, in which cin- 
' choniuine and cinchonitino are insoluble, while 
(a) and (3) oxycinchonine dissolve (Jungfleisch 
a. Leger, C. B. 100, 08, 357). 

Properties . — Colourless prisms, volatile, dis- 
tils under reduced pressure, sol. alcohol and di- 
lute HCl. SI. sol. water ; v. sol. chloroform, benz- 
ene, and acetone; less sol. dry ether. Pro- 
bably identical with the base obtained by Caven- 
tou a. Girard (0. R. 106, 71) by heating cincho- 
nine with oxalic acid and H.SO4. 

Salts.— BTICl aq ; [213°].-4,P'2HC1 aq.— 
B'HBr aq. — B'lII aq.— B'2TII aq. - - B'XJI.il^ ; 
needles.— B'C4H,0« 3.^aq.— B'M cI [2.53°] ; colour- 
less needles.- B' Rtl a^q [232°] ; large prisms from 
alcohol.— B'EtBr aq.— B'H.PtCl, aq (Jungfleisch 
a. Leger, C. R. 100, 357). 

Cinchoniline C,„H,,N,0. [130°]. [a]„ = f 58-22° 
in alcoliol. Preimrcd as above. Khombic prisms, 
dextroiotatory. SI. sol. water, v. sol. most sol- 
veiits. Its aqueous solution is turned blue by 
litmus and red by phenol -phthalein. Eeduced 
in the cold by KMn04. Yields the same products 
as cinchonine on heating. 

Salts.— B'HCl a.iq [22G°] ; v. sol. water [a]r, 
r= +5°.— B'2HCirtCl4a(i ; yellow prisms. — 
B'2nC|^uCl3 ; pri^^ms. — B'HBr 3aq ; prisms, 
less soluble than thech]^iride. — B'HI aq ; B'21II ; 
B'HCNS aq. 

Methyl mid ethyl covipomcnds B'Mel 
[235°] ; B'Etl ; B'EtBr are all three v. sol. most 
solvents (Jungfleisch a. Leger, C# R. 100, 657). 
Cinchotenine C.^H^^NA- [L18°]. [aln-135° 

in a 2 p.c. alcoholic solution. 'The chief product 
of the action of KMn04 on cinchonine dissolved 
in dilute H2SO4 (Skiaup, B. 11, 311 ; A. 197, 
! 376). Needles or plates (containing 3aq). Dex- 
i trorotatory. Not attacked by cold KMn04.— 
iB'HjPtCl*; prisms.— B'(HA uC 1,)2; needles. 

Cinohotenicine CihH^oN^Oj. [153°]. The sul- 
I phate is formed by fusing oinchotenino sulpbata 
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It is feebly dextrorotatory, and forma an amor- 

phous platinochloride. 

Cinchonicine C|.,H.,yNaO. (a)ii=40-o'’ in a 2 
p.o. solution in chloroform. Formed by heating 
the acid sulphate of cinchonine or cinchonidine 
(Pasteur, Jti. 37, 110 ; Hesso, A. 17B, 253). 
Formed all© by heating the tartrate or acid tar- 
trate of cinchonine, and by heating cinchonine, 
cincsonidine, or cinchonine sulphate with glyce- 
rin (Howard, C. J. 25, 102 ; Hesse, A. 147, 242; 
1G(), 277). Slightly yellowish viscid mass, which 
becomes a mobile liquid at 50°. • V. sol. alcohol 
and ether. Its dScoholio solution tastes bitter 
and is alkaline to litmus. Cl and Nil, give no 
green colour. Bleaohing-powder gives a win to 
pp. in a solution »£ its hydrochloride (dilfcrmco 
from cinchonine and cinchonidine). Dextro- 
rotatory. 

Salts. — JVHI : prisms, m. sol. cold water.— 
IP,H3Cl,(PtCl,) ,4aq (?). — B ll,PtCl„aq. -- Ox a- 
la|^ laq : slender pri.sm3.— Acid tar- 

trato B'C^li^O^, m. 

Apocinchonine C,,,n,,N,0. [200°]. [a]„ = l(;()° 
in a 1 p.c. alcoholic solution at !(>'■' (Hesse, A. 
205, 330; Ondoinans, li. T. 0. 1, 173). Formed, 
together with diapociuchonino, by heating cin- 
chonine with HCl (S.(l. 1-125) at 150'\ The pro- 
duct is nearly neutralised with ammonia, alcohol 
is added, and the solution lioatedto lioiling; ex- 
cess of NH,, now pps. apocinchonine, Pri.sms, si. 
sol. ether, insol. water. 

Halts. — The salts are dcxtrorolatoiy, for the 
neutral salt [«]„ varies from 180° to 215°; for 
tlie basic salts from 101" to 170 ’.-- B'lICPiaq. — 
B'H.PtCl, 2aq. — B'HBr aq. - BTII aq. - 
B'„H..SO/2aq (11.).— B'Jf ,HO,3aq (0.).— BllClO., 
BTIClO^aq. B'.,H,C,6/2aq. 

Acetyl derivative C,„IL|AcN.^O. [a]i,s=71° 
in a 2 p.o. alcoholic solution at 15°. — 
B'H,PtCl„2aq. 

Apocinchonine chlorohydride C,,,TT,,C1N,0. 
[1!)7°J. [a]!?=211° (Oudemans), - 205° '(Hesse) 
in^ ^ p.c. alcoholic solution at 10°. Formed by 
licating cinchonine or apocinchonine witli satu- 
rated PICJAq at 150 ’ (Zorn, J, [2J 8, 280; 
Hesse, A. 205, 3-l8). Needles; v. si. sol. water; 
h 1. sol. ether and alculiol. Doxtrorotatoi y. In 
the case of the neutral salts [a],, varie.s fiom2l5° 
to 229° ; for the basic salts it lies between 192 5° 
and 195° (0.).--B'H,,Cl ,. -B'HCl aq. JiTf Br...— 
BTI.,PtCl,2aq. — BULHO, .3aq. — B'HNOj. — 
BTIClO,.-B'HCiO, a-aip— BTI.aO^ .raq. 

Acetyl derivative C,.,H,^/\.cClN D. [a],, 
108 ’ in a 2 p.c. alcoholic solutiou at 15°. Amor- 
phous ; v. sol. alcohol and ether. 

Apocinchonine broniohydride C,9H^,BrN,0. 
From cinchonine and cone. IIBiAq %t 100° 
(Skraup, A. 201, 324). *Scalcs (from alcohol). — 
B'HgBro : crystals. , 

Apocinchonicine A resinous base, 

formed by hating apocinchonine acid sulphate 
at 140°. Inactive ; v. sol. alcohol and cthor. — 
B'H^PtCla 2aq. 

Di-apocinchonine (C,JI.^^N..O)» [o]„--20° 

in a 2 p.c. alcoholic solution at 15°. Formed 
by the prolonged action of HCl on apocinchonine. 
Amorphous powder, v. sol. alcohol and other. 
Dextrorotatory.— B'HjPtCl„4aq : amorphous. 

Acetyl derivative C3„H,,^Ac.^N^O;,. [a]„ 

■■20° in a 2 p.o. alcoholic solution Yellow 


amorphous mass.— B'E^PtCL 4aq ; amorphous 
pp.-B'(HAuCl,),2aq. 

Iflo-cinchonine [127°]. 

Crystalline. Formed together with cinchonine 
by boiling cinchonine-chloro- or bromo-hydride 
(CiflH^ClNoO or OmHjjBrNoO) with alcoholic 
KOH.# V. 0. sol. alcohol, etlier, benzene, chloro- 
form, acetic ether, and CH^, si. sol. ligroin, nearly 
insol. water. It forms easily soluble salts. The 
zinc double chloride C,.,H,,N,0, ZnCl^. H,CD 
forms small needles (Comstock a. Konigs, B. 20, 
2521). A substance called isocinchonine has also 
been obtained by Hesse {A. 243, 149) among the 
products of the action of cone. H BO4 on cincho- 
nine. 

CINCHOTENICINE v . Cinchonine. 

CINCHOTENIDINE v. Cinchonine. 

CINCHOTENINE Cinchonine. 

CINCHOTIIJE V . Cinchona bases. 

CINCHOVATINE 11. Aihcinb. 

CINENE C,„H„. Cynene. (181°-182°). S.O. 

*854 (Wallacli a. Brass, A. 225, 309). 

Formation. — 1. By passing HCl into boiling 
oleum cime (wor/h-soed oil) or cineol (c/. Volckel, 
A. 89,358). — 2. From cineol andBzCl. — 3. From 
0,4,11, gl_5 (got from cineol and HI) and aniline. — 
4. Among the products of the distillation of 
caoutchouc (wlion it is called oaoutchin). — 5. By 
heating isoprerio at 200°. 

Oil, with pleasantodourof lemon. 

Reactions. — 1. Bi amine added to its cold so- 
lution in alcohol or ether forms the tetrabroraide 
C,„H,6Br4 [125°].— 2. Cone. H.^SO, converts it 
into cymene, giving off SO.^. PjSj behaves 
similarly. (F. also Tkkpenes.) 

Dihydrochloride CmHigClj. [50°j. 

JDiJiydrobrornide C,„H,„Bro. [04°]. White 
silky plates. Formed by the action of HBr gas 
upon woim-seed oil. It is slowly decomposed 
on standing in contact w'ith alcohol. On heat- 
ing or by boiling with water or dilute alkalis it 
loses HBr giving cinene. It defeomposes on 
keeping in the course of several weeks (^ell a. 
Hitter, B. 17, 2(‘,09). , 

Dihydroiodide C,oH,«l, [77°]. White 
felted needles. Formed by the action of gaseous 
ill upon w'orm-sc d oil. It decomposes on keep- 
ing in the course of a few days, and quickly in 
contact witli alcohol. By zinc-dust and water 
it is reduced to cvm^ie di-liydw’de CioHjg (Hell 
a. Hitter, B. 17, ‘iui). 

DihydridcC,„lL,,. (166°). V.D. = 5 (obs.). 
Colourless liquid, of etherc'al odour. Formed 
by boiling oinene-di-hydroehloride or cinene-di- 
hydroiodide with zinc-dust and water (Hell a. 
Hitter, B. 17, 2612). 

CINEOL C,oH„(). (176°). S.G. ^ ‘927. 

1-158. V.D. 5-12 (Wallach a. Brass, A. 225, 
^95; 245, 105 ; Gladstone, G. J. 49, 621). The 
chief constituent of oleum cime and of oil of 
cajeput ; occurs also in oil of rosemary (Weber, 
238, 89). Ijiquidf smelling like camphor, in- 
active. Boiling HNOj (S.G. 1-15) forms oxalic 
acid only. 

Reactions.— 1. HCl passed into its solution 
in ligroin forms crystals of (C,oH,„0)i,HCl. a 
body which is decomposed by water, reproducing 
cineol, but when heated alone produces cinene: 
(C,..H„0),HC1-2H,0 + HCUC,„H,„. — 2. HI 
passed into oleum cin© ultimately converts it 
into a crystalline mass of CiqH,,!,. CrystaUiaed 
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from light petroleum, this forms trimetrio 
tablets: o:6u>« *7688:14 *7074 [78*6®]. Alcoholio 
KOH oonverts it into cinene. — 3. Ezoess of 
Bromins added at 0° to a solution of cineol in 
light petroleum forms red crystals of 0,oH,80Brj. 
These crystals decompose on keeping, ^ming 
einene tetrabromide and water : 20 ,oHi 80 Br 2 
■■0|oH,,Br4 + 2^0 + 0,JH„. When a smaller 
quantity of Br is added to a solution of cineol in 
light petroleum, needles of (C,oH, 80 ) 2 Br 2 are 
formed (Wallaoh, A. 230, 228).— 4. Cineol also 
combines with iodine forming crystals of 

Consfifw^ton.— Sodium, PCI 5 in the cold, and 
BzOl at 120® do not act on cineol. Hence it 
appears not to contain hydroxyl. At 160° BzCl 
removes H^O. Hydroxylamine and phenyl- 
hydrazine do not act on cineol. Bruhl 
{B. 21, 461) gives cineol tHe constitution 

Pr 


0 since it is optically inactive and on 

h,\IA 

Me 

passing HGl through it it is converted into opti- 
ClPr 

h,Ah, 

cally inactive • 


Isomeridesof Cineol are described under Bor- 
WtOL ; V. also Camphors, vol. i, p. 672. The matter 
will be less complicated if we can assume the 
existence of only two compounds of the formula 
C„H„OH with rotatory power +38^ and -38° 
respectively, the others being mixtures of these 
in varying proportions. Thus the Iflovorotatory 
oamphols ([a]© =--68°) derived from JJlumca 
baUamifera (N’gai camphor and also, from tiie 
same tree, Bang Phi6n), Martico camphor, the 
<samphor from oil of valerian, and that from 
madder, are in all respects identical (Haller, 
O. B. 103, 64, 161). Ordinary bomeol is a cineol 
of rotatory power + 38°. Camphol from amber 
appears to be partly of the racemic character 
(*.«. an inactive compound of camphols of rotatory 
power +38° and -38°) dnd partly of dextro- 
rotatory bomeol (Haller, C. R, 104, 66). By dis- 
solving a camphol (60 g.) in toluene (150 g.), 
heating with sodiui^ (G g.) and passing in cya- 
nogen a product is got whence water extracts a 
camphyl carbamate 0,jH,,.0.C0.NH2. The pro- 
duct derived from dextrorotatory camphol is 
described (voL i. p.523) as bomyl carbamate. It 
is dextrorotatory and forms dextro-hemihedral 
crystals. Lssvorotatory camphol forms ad 
asomeride [127°] which is IflBvorotatory ([aj^ 
•=> - 29*90°), and crystallises in l»vo^hemihcdral 
forms. In each preparation, camphyl carbonate 
fO,oH.,)xGO, is a by-product; the carbonate 
from bomeol is dextrorotatory while that from 
Iffivorotatory camphol is Isevorotatory. Both 
melt at 216^Haller, 0. B. 98, 678). 

OlKKAlCwI V . Benzyl ether of Cinnamic 
eoa>. 

cnrHAMEKS V. STYREioi. 

CIKKAMEKYL COMPOUNDS 
€cH(.CH:CH-X v , Sttbtii oompounm. 


CINNAMBNTL - AMIDO - PHENYL - MEN . 
CAPTAN C,iH„NS i.e. 

C.H,<g>C.(k:CH.08H, [111°]. Prepared by 

the action of cinnamic acid on amido-phenyl- 
mercaptan (Hofmann, B. 13, 1236). /tJolourless 
prisms. Sol. alcohol. Weak base. On fusion 
with KOH it is split up into cinnamic acid (which 
is further converted into benzoic acid) and 
amido-phenyl-mcrcaptan. 

Salts.— B'pCl: unstable salt. — 

(B'HCl) PtCl 4 : yellow needles* 

CINNAMIC ACID C^H^Oji.e. 
C8H5.CH:CH.C02H. PhcnyUacrylicacid. BenzyU 
idene acetic acid. Mol. w. 148. [133°] (Kraut, 
A. 133, 93 ; 147, 112). (300°). S.G. * 1*248 
(Schroder, B. 12, 1612). S. *03 at 17° ; S. (alco- 
hol) 2*3 at 20°; S. (CHCy 6 at 16°; S. (OS.) *9 
at 15°. Electrical conductivity i Ostwald, J. nr. 

[2] 32, 365. 

Occurrence.— 1. In oil of cinnamon (Dui^as 

а. P^ligot, A. Gh. 67, 311 ; Hekzog, Ar. Ph. 17, 
72 ; 20, 169). — 2. In liquid storax which contains 
styrene, cinnamic acid, and styryl cinnamato 
(styracin) (E. Simon, A. 31, 265 ; D. Howard, 
G. J. 13, 135 ; Beilstein a. Kuhlberg, Z. [2] 7, 
489). — 3. In balsam of Peru, which contains 
benzyl cinnamatc, benzoic acid, and cinnamic 
acid (E. Kopp, Gonipt. chim. 1847, 198 ; 1849, 
146 ; 1850, 140 ; Kraut, B. 2, 180 ; Delafontaine, 
Z. 1869, 156). — 4. In balsam of Tolu, which is 
similar in composition to that of Peru (Fr6my, 
.4.30, 338; Dcville, A. 44, 304; E. Kopp, A. 
60, 269 ; Busse, B. 9, 830). — 5. In gum benzoin 
from Sumatra (Kolbe a.Lautemann, A. 119, 136), 

б. In the leaves and stalks of Glohularia vulgaris 
(Hcckel a. Schlagdenhauffcn, A. Gh, [5] 28, 69). 
7. In the leaves of Eukianthtis jajponicus (Eyk- 
man, E. T. G. 5, 297). 

Formation. — 1. By heating benzoic aldehyde 
with AcCl for 24 hrs. at 125° (Bertaguini, Ci- 
mentOt 4, 40 ; A. 100, 126). — 2. By Seating ben- 
zoic aldehyde with HOAo and ZnCL, at 160° 
(Schiff, B. 3, 412*^; i^. [2] 6, 700).— 3. B> heating 
benzoic aldehyde (2 pts.), AeP (3 pts.), and 
, NaOAc (1 pt.) at 145° (Perkin, G. J. 31, 389 ; 

, Slocum, A. 227, 58). This reaction, commonly 
kno^vn as Perkin’s synthesis, is discussed under 
I Aldehydes (vol. i. p. 108). — 4. By the action 
of benzoic aldehyde on sodium malonate in pre- 
sence of kc.fi in the cold, COj being evolved : 
Ph.CHO + CH.(CO..H)., = PhCH:C(C02H)j + H,0 
=PhCH:CH.Ca,H + CO 2 + H^O (Stuart, G. J'.4a 
404).— 6. By heating benzoic aldehyde with ma- 
lonic acid at 130° (Michael, Avi. 5, 205). — 6. By 
the action of KOH on benzyl-chloro-malonio 
ether ((Jonrad, B. 13, 2160). 

Properties . — Monoclihicprisms (from alcohol) 
(Schabus, Sitz^ W. 1850, ii. 206). ^hen quickly 
distilled it is out little decomposed, but when 
slowly distilled it splits up into C(^ and styrene 
(Howard, G. J. 13, 135). Volatile with steam. 
V. si. sol. water, v. sol. alcohol, v. e. sol. ether ; 
V. si. sol. cold ligro'm. 

Reactions. — 1. Distillation with lime gives 
styrene and benzene.— 2. Potash-fusion gives 
potassium acetate and benzoate (Chiozza, A. Gh. 

[3] 89, 489 ; Kraut, A. 147, 113). Fusion with 
NaOH gives COj and benzene (50 p.o. of theo- 
retical) (Barth a. Schreder, B. 12, 12671. — 3. SO, 
forms Bulphobenzoio acid. Boiling with H^SO, 



CINNAMIC ACID. 


IW 


(lUuted with 1 to 1^ vola. water forms an oil, 
consisting of distyrene 0,aH,8 and distyremo acid 
4. Cone. HNOg givea| mtro-benzoio 
acid, but a more dilute acid gives benzoio alde- 

jjyde. 6. Boiling with PbO^ in aqueous solution 

forms ben%io aldehyde and lead benzoate (Sten- 
house, A. 56, 1; 67, 79).--6. Chromic 'n^xture 
also forms benzoic aldehyde (Simon). KMnOa 
in feebly alkaline solution acts in the same way 
(A. Bauer, A. 220, 37). KMnO^ in very dilute 
neutral solution at 0° oxidises cinnamic acid to 
PhOH(OH).CH(OiI).CO,H (Fitti#, B.21, 919).- 
7 Br gives di-bromo-phenyl-propionio acid (A. 
Schmitt, A. 127, 319).— 8. Pluming HBr gives 
brorao - phenyl - propionic acid. Ill acta in a 
similar way.— 9. Sodium amalgam reduces it to 
phenyl-propionic acid (Erlenmoyer, 4. 137, 327). 
Cone. HIAq does the same (PopoiT, Z. [2] 1, 111). 

10 HCIO gives chloro-oxy -phenyl -propionic acid 

(Glaser. A. 147. 78 ; [2] 3. 05 ; 4, 131).- 11. 

Bolling aqueous K.SOj gives sulpho-phenyl-pro- 
pionic acid.— 12#Chlorino acts on aqueous sodic 
cinnamate in two ways, viz. : 

(1) Ph.CH;CH.CO,Na-HCl2 
Lph.cnci.ciici.co.Na 
-Ph.CH.CHCl.CO.O + NaCl 

I 1 

= Ph.CH:CHCl -f 00^ -f- NaCl 
(2) Ph.CH:CH.CO,Na + Cl., + H.,0 
= Ph.CH-.CH.CO ,n -I- HCIO -i- NaCl 
= Ph.CH(OH).CilCl.CO.,H -I- NaCl 
producing w-chloro-styreiie and chloro-oxy-phe- 
nyl-propionic acid (Erlenmoyer a. Lipp, A. 219, 

134), 13, Diphenylaminc and ZnCPat250'’form 

phenyl-acridine (Bernthson, B. 

Oxy -benzoic acid and H.BO, form a body Ci^HbOj 

^ [260'"] (Kostanecki.B. 

or C,H^<^q>CoH 3/ 

20, 3137), It forms a diacctyl derivative [260®]. 
15. s-Di-oxy -benzoic acid and H2SO4 give the 
oxy-dcrivafive of the preceding [325®] whi^ 
Mrms a crystalline acetyl derivative C.gHjAcO^ 
[265°] (K.).— 16. Gallic acid ^nd HoSO< at 50 
form, in the same way, ‘ styrogallol,’ a dioxy- 
derivativo of the above C,eH,0,, which crystal- 
lises in minute yellow needles, melting above 3u0 
(Jacobsen a. Julius, B. 20, 2588). Its di-acetyl 
derivative melts at 200°. n 

Salts (Herzog, J. pr. 29, 61 ; E. Kopp, C. B. 
63, 634).-NH,A' ^aq : si. sol. cold water.— 
KA' iaq : monoclinic crystals ; v. sol. water, m. 
sol. alcohol.— NaA' iaq : needles (from dilute 
NaOHAq).— NaHA'2 (Perkin, G. J. 31, 388).— 
AgA' ; curdy pp. insol. boiling water. BaA jUq 
(Herzog).— BaA'a 2aq : pearly plates (Kopp).— , 
BaA'o 3aq : iridescent leaflets or qtriated prisms 
(Kebuffat, Q. 11, 160).— CaA'* 2aq (H.; R.).— 
CaA'3 3aqiK.j. S. -16 at H® -SrA^4aqM 
nacreous needles.- -MgA', 3aq : white neeiBes. 
CuA'.,(CuO : greenish - blue pp. — Pl>A 
crystalline^ powder or flattened needles. ^ 
CdA' 2aq.-Mn A'a 2aq. — Zn A', 2aq : prismatic 
needles (from hot water). . 

Methyl ether MeA'. [34®]. (263 i.V.J. 
B.G. ^ 1'0416. Formdh by the action of the 
ethyl ether on methyl alcohol in prese^e of 
NaOMe (Purdie, C, J. 61, 628; cf. E. Kopp, 
0. 22. 21, 1876; Ansohiitz a. Kinmcutt, B. 11, 
1220; Weger, A. 221, 74). With Br it forms 
O|H,.OHBr.OHBr.CO^0 


Ethyl ether BtA'. [12®] (Friedltoder, A, 
221, 76). (268°) at 741 mm. (BrOhl, A. 236, 19). 
(271° i. V.)(A. a. K.). S.G. y 1*0490. md ,1*660 
(B.). Preparation . — Cinnamic acid (600 g.) is dis- 
solved in dry alcohol (1 litre) and HCl is passed 
in to saturation. After 3 hrs. the product is 
pouredi into ice-cold water. The oil is washed, 
dissolved in ether, and shaken with aqueous 
sodic carbonate, dried over CaClj, and the ether 
evaporated (Perkin, jun., 0. «!. 46, 17- ; c/. 
Herzog, Ar. Ph. [2] 17, 72 ; Marchand, A. 32, 
269 ; E. Kopp, J.pr.Pharm. [3] 11, 72; Planta- 
mour, A. 30, 346). Reactions.— 1. With bromine 
it forms CeH,.CHBr.CHBr.C03Et [69®].— 2. So- 
dium-aceto-acetic ether in presence of alcohol at 
100° forms an acid CjjHjgO^ [140°]. Its silver 
salt, AgA', forms radiating prisms, insol. water 
(Michael, J. pr. [2] 36, 354).— 3. With sodium 
vtalonic ether 100° in presence of alcohol it 
forms an oil C„H,,0« (305°-310°) or (215° at 
15 mm.). Ph.CH:CH.G0.2Et + NaHC(C02Et)2 
Ph.CH.CHNa.C02Et 
„ 1 + HjO 

CO^Et^-CH-CO^Et 
Ph.CH.CHj.COaEt 

_ I +NaOH. Onsaponify- 

CH(C02Et)2 . - 1 . 

ing and heating the resulting acid COj is evolved, 
and there results phenyl-glutaric acid 
Ph.CH.CH2.CO2H 

I [138°]. Its silver salt, AgA\ 

CH.CO2H 

is amorphous (Michael, cT. pr. [2] 86, 349; Am. 

n-Propyl ether P^A^ (283°-284® i.V.) 
/A. a. K.). B.G. 2 1‘0436 (Weger, A. 221, 76). 

Benzyl ether CflHj.CH:CH.CO.OCH2C2Hj. 
Cinnamcin. [39°]. Discovered by Plantamour 
(A. 27, 329 ; 30, 341) in balsam of Peru (Pr6my, 

A Ch. 70, 184 ; E. Kopp, Compt. chim. 1860, 
140 ; Scharling, A. 74, 230 ; 97, 184 ; Kraut, 

107, 208 ; Grimaux, Z. [2] 6, 167). Foraed also 
by boiling dry sodium cinnamate with alcohol 
and benzyl chloride for some hours. Short 

(206°) at 15 mm. Formed by the action of 
cinnamoyl chloride upon phenol. By slow dis- 
tillation it loses carbonic acid, giving stilbene 
Cans.O2H2.CaH5 (Auschiitz, Bt 18, 1945; 0. /. 

p-Tolyl ether OaHs.C2B[2*^^2^j^ : 3 * 

(230°) at 16 mm. (A.). By slow distillation it 
yields s-phenyl-tolyl-ethyleM (A.). 

Phenylpropyl ether 
OaHs.C2H2 CO2.CH2.OH2.CH2.O.HS. Ocoure m 

storax filler, A. 189, 363), and 18 also^ formed 
by treating styraoin bromide with amo ana 
H SO 

* Thymyl ether CIO®]; 

O.H,OftOOO.A: 

ri02®]. By distiUation CO, 18 split oH mih 
formation of «.phenyl-naphthyl-ethylene (A). 
Oinnamyl ether 

0,H5.0H:OH.OO.O.OH2.OT:(^OA. 

[44^. S. (ether) 88; 8. (alcohol of B.O. *826) 
88 at 78°; 6 at 16®. Ooouw to liquid 8tor« 
fBonastre, J. Ph. 1881, 888 ; B. Simon, A. 81, 
Se* B. Kopp, Cmpt chim. 1860, 140; 

A. 7*0, 1 ; Btreoker, A. 70, 10 ; 74, 112 ; Wolff, 
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it. 75, 297 ; Plantamour, A. 27, 329 ; 30, 341 ; 
Gossntann, A. 99, 37C ; Scharling, A. 97, 90, 174 ; 
W. V. Miller, N. Bep. PJmrm. 24, 1 ; 188, 200 ; 

189, 344). Needles or prisms (from alcohol). 
Chlorine forms a viscid tetra-chloro- derivative 
CipHjXl^Oj. Br forms Cj^HioBr^Oj [15^°] and 

C;iZort£feC,H,.CH;CH.CO.Cl. [30°]. (170°) 
at 68 mm. Prisms (Cahours, A. Ch. [3J 2.3, 341; 
Bostoski, A. 178, 214 (Claisen a. Antweilcr, B. 
13, 2123). 

Cyanide C8H,.CH:CH.CO.CN. [115°]. 
Prisms. Sol. ether, CHCI3, and CS. ; v. 

b 1. sol. water. Prepared from the chloride by 
the action of silver cyanide. On saponification 
it gives cinnamoyl-formic acid. 

Anhydride (C,H,.CH:CTI.CO).p. [127°]. 
(Gerhardt, A. Ch. [3] 37, 285 ; A. 87, 7G). I 
Crystalline. * I 

Amide C,H,.CH:CH.CO.Nn.. [142°]. (v. 
Rossum, ^.18GG, 3G2).- (OJI .C f [.CO.NH) Jig. 

Anilide C,.H,.CH:CH.CO.NPhH (Cahouis, 
A. 70, 43). Slender needles. < | 

Diphenylamide C„H,.CIT:CII.CO.NPh,. | 
[153°] (Bernthsen, B. 20, 1554). Needles. j 
Nitrile C,n,.ClI:CH.CN. [11°]. (255°). 

From the amide and PCI,,. Also from cinnamic 
acid and lead sulphocyanide at 190° (Kruss, B. 1 
17, 1768). 

Cinnamic acid dibromide v. Di-bbomo-phentl- 

PEOPIONIO ACID. 

Cinnamic acid hydrobromide v. Bromo- 

PHENTL-PROPIONIC ACID. 

Cinnamic-acid-di-nitrite 
C,H5.C2H2 (NOj)j.CO JH. Phcnyl-di-nitro-propio- 
nic acid. Colourless cry.stals. Formed by direct 
combination of cinnamic acid with N^O,. Very 
unstable. By treatment with water or alcohol 
it evolves CO^ and yields plienyl-riitro-ethylene 
C,H3.CH:CH(N0,,) (Gabriel, B. is, 24.38). 

p-Aldehydo-cinnamic acid 
C,H,(CHO)(CH:CTI.CO,lI). [247°]. From tcro- 
phthalic aldehyde, NaOAc, and Ac,0 by Pcikin’s 
reaction (Low, A. 231, 374). Flat prisms or 
needles, SI. sol. hot water, ether, or chloroform, 
more sol. glacial acetic acid. When sublimed 
it forms large plates. Salt.— AgA. 

Ethyl ether EtA'. Reduces ammoniacal 
AgNO,. Gives- by Perkin’s reaction 

CrtH,(CH:0H.CO2H)(CH:CH.CO,Et) 

(v. Phenylene-di-acrvlig acid). Beactions. — 

1, Reduces ammoniacal AgNOj with difTiculty. — 

2. Does not react w^,h NaOAc and Ac/). — 3. On 
nitration gives nitro-aldehydo-cinnamic acid 
{q.v.). 

Di-hromide 

C«H4(CH0).CHBr.CHBr.C02H. [17G°] (with de- 
composition). Prisms (from methyl alcohoj). 
Insol. water ; v. sol. ether, chloroform, and | 
alcohol. 

p-Carboxy-cinnamic acidn ^ 
CJI,(C02H)(CH:CH.C02H) [1:4]. Got by sapo- 
nifying its ether. Powder, will not melt, but 
may be sublimed. Nearly insoluble in solvents. 
Does not combine with bromine in the cold,' 
Forms a nitro- derivative. 

Dibromide 

C^/CO*H) (CHBr.CHBr.CO2H). Di - bromo - 
carl^y-phenyl j^opionic acid. Formed at 100°. 
Will not melt. SoL methyl alcohol, from which 
U may be orystalliBed. 1 


Mono-ethyl ether 

C«H,(COFt)(CH:CH.C02H) [220°]. From p. 
aldehydo-terelphthalic ether, NaOAc, and AOjjO 
by Perkin’s reaction (L6w, A. 231, 869). Prisma 
(from ether). 

Other derivatives of cinnamic ^id are de- 
scribed as Amido-, Bromo-, Chloro-, Hydrazido-, 
Nitro-, Sulphido-, Sulphydro-, and Sulpho- 
cinnamic acid. Oxy-cinnamic acid is described 

as COUMARIC ACID. 

CINNAMIjC ALDEHYDE CyH.O Le. 
C,IT,.C,H..CIIO. Mol. w. 13£. (129°). S.G. 
10497 (Briilil, A. 235, 13). Po = 1‘619. 

/iy-l-G83. 

Occurrence. — In oil of caspia and oil of cinna- 
mon, wdicnce it may bo extracted by shaking 
with NaHSOj and distilling the resulting crys- 
talline compound with aqueous Na^CO, (Perkin, 
C. J. 31, 403; cf. Mulder, A. 34, 147; Bcrta- 
gnini, A. 85, 271). ^ 

Formation. — 1. By oxidising cinnamyl alco- 
hol with the aid of platinum ^lack (Strecker, A. 
1)3, 370). — 2. By distilling calcium formate with 
calcium cinnamato (Piria, A. 100, 105). 

Preparation. — A mixture of benzoic aldehyde 
(10 pts.), acetic aldehyde (15 pts.), 10 pts. of 
iOp.c. aqueous NaOH, and 900 pts. of water is 
allowed to stand for 8 or 10 days with frequent 
shaking at about 30°, the cinnamic aldehyde 
being finally extracted with ether (Chiozza, A. 
97, 350; Peine, B. 17, 2109). 

Properties. — Oil. Forms crystalline com- 
I pounds with HCl, HNO„ NaHSO,, KHSO3, and 
' NHJISOi (Dumas a. P61igot, A. 14, 65). 
i Beactions. — With alcoholic NHj it gives 
j hydrocinnamide C.,7H24N._5 [106°]. With HCN it 
yields the nitrile of a-oxy-phonyl-crotonic acid. 
With resorcin and dilute HCl it gives a resin in 
the cold (Michael a. Ryder, Am. 9, 134). HCl 
passed into a mixture of cinnamic aldehyde with 
phenyl mercaptan forms C„HH.H2CH(SPh)2 
[81°] (Baumann, B. 18, 885). With oarba- 
1 mic ether it forms Ph.C>H„.CH(NH.CO;^t)j 
[135° -143°] (BischoCf, B. 7, 107'9). 

I Phenyl hydrazide 
I C„H,.C/I,!c 1I:NJIG„H,; [168°], yellow plates 
! (F’isehcr, B. 17, 575). 

1 Anilide C„H,.C,H2.CH:NC,H, : [109°], 

yellow glistening plates. Very stable towards 
IICl. Forms crystallisablo salts with acids 
(Doebner a. Miller, B. 16, 1665 ; Peine, B. 17, 
2109). 

Di -methyl -amido -anilide 
C,H,.CJL-^H:N.C,H,(NMe/ : [141°] ; yellow 

needles ; sol. alcohol, si. sol. cold ether (Nuth, 
B. 18, ^74).^ 

E thylene - di- aniKde 

(C,.H5.C2H2.CH:N),C2H,: [110°]; tables, m. soL 
ether (Mason,* J5. 20, 267). • 

Di-bromide v. a)3-Di-BROMo-PHENYL-PRO- 

PIOKIO ALDEHYDE. * 

CINNAMIC ALDOXIM 

CaH^.CHiCH.CHrNOH. Phenyl-acrylic aldoxim. 
[136°]. Fine silky needles. V. sol. alcohol, 
ether, acids, and alkalis, nearly insol. cold water 
and ligroin. 

Benzoyl derivative OgH5.C2ll2.CH:NOB2. 
[125°]. White needles ; si. sol. cold alcohol and 
benzene, insol. water and ligroin (Bomemann, 
B, 19. 1612). 
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aKSTAMIC-CARBOXYLIC ACID v. Carboxy- 

MNNAMIO ACID. 

CINNAMIDOXIM CbH.oN^O i4 
C„n 5 .CH:CH.C(NOH)NH,. Phmyl-allcnyl-avtid- 
[93*^]. Formed by direct combination 
of cinnam%nitrile with hydroxylamine. Kod- 
like prisms. Sol. hot, less sol. cold water, v. sol. 
alcohol, ether, and benzene, si. sol. ligroin. De- 
composed by long boiling with water. 

Salts. ~ B'HCl : [155°], flat concentric 
prisms. — B'oHpl.^tCl4 : concentric needles, sol. 
alcohol. • 

Methyl ether C.lL.qNHJNOMe : [98°]; 
prisms ; volatile with steam ; v. sol. alcohol, 
ether, Ac., nearly jnsol. cold water, more readily 
in hot. 

Ethyl ether C,H,.C(NH,)NOEt; [83°]; 
like the preceding. 

Benzoyl derivative ChH,.C(NH.JNOBz : 
[16^']; fine needles; v. sol. alcohol, more 
sparingly sol. benzene, chloroform, and ether, 
insol. cold water. • On boiling with water it loses 
1 mol. Hp, giving phonyl-allenyl-azoxim-bcnz- 
enyl (WollT, B. 19, 1507). 

CINNAMO-LACTONE v. Cotimauin. 

CINNAMON E v . Dmiknzvlidknk-acetonk. 

CINNAMOYL-ACETO-ACETIC ETHER 
C,,H,P4 ix. Ph.Cn;CH.CO.CHAc.CO,Et. [40°]. 
From sodium aceto-aectio ctlier and cinnamoyl 
chloride (Fischer a. Kuzel, B. 10, lOG). Crys- 
talline grains (from ligroin). 

a-CINNAMOYL-BUTYRIC ETHER v. Bcn-yl 
idcne-ethyl-KCF.To-kcm'ic ktiikr, vol. i. p. 21. 

CINNAMOYL-EORMIC ACID v. SxYUYL-aLY- 

OXYLIC ACID. 

CINNAMYL ALCOHOL CsH.oO ix. 
C«H,.CH:CH.CH,()jI. Siyronc. Mol. w. 134. 
[33°]. (254°) at 717 mm. S.G. 1*0 140. Md 
at 20° (Brulil, A. 2.35, IG). Rco 69 7 (in a 9 p.c. 
alcoholic solution) (Kanonnikolf ; Nasini a. Fern- 
heimor, 0. 14, 153). Obtained by distilling 
stvracin (cninumyl cinnamate) with aiiuoons 
po!ash (Simon, A. 31, 274 ; Itamdohr, Z.Phar7n. 
1858, 113; J. 1858, 440 ; Tol,*^. 70, .3). Long 
thin needles, smelling like hyacinths. SI. sol. 
cold water, v. e. sol. alcohol and ether. 

Reactions. — 1. Oxidised by air and platinum 
black to cinnamic aldehyde ; and by chromic 
acid mixture to cinnamic acid and benzoic alde- 
hyde.— 2. Boiling with aqueous KOH and PbO^ 
gives benzoic aldehyde. — 3. Reduced by sodium 
amahjam in presence of much water to phenyl- 
propyl alcohol (Rugheiraer, A, 172, 122). Re- 
duced by (15 p.c.) sodium amalgam by heating 
with a little water for 3 days at 100° it forms 
styrene C^FL and methyl alcohol, as follows : 
PhCH:Cn.CH,()n + IL = Ph.CH;CJI, +On,OH 
(Hatton a. Ilodgkinson,'’C. J. 39, 319).— 4. Aque- 
ous HI (S.^. 1-96) at 100° giys toluene and 
allyl-beuEene (Tieinann, B. 11, Gvl).— 5. Fuming 
HBO4 form^ C[,Hj,SOaH (?) (Jacobsen, A. 140, 
90).— 6. BPs forms cinnamyl oxide (09H„)P, a 
heavy oil. 

Acetyl derivative CfTl^Oko. (246°). 

CINNAMYLAMINE a,n„N i.e. 

. Cgnj.CH:CH.CH2.NH,^. (100°). From cinnamyl 
chloride and alcoholic NH, at 100° (Ramdohr, 
Z. Pharm. 1868, 113 ; J. 1858, 448). According 
to Malbot (C. R. 106, 674) the chief product is 
di-cinnamyl-amine. — B'HCl : stellate groups of 
Ratals.— B'-PaPtCl, : si. sol. cold water. 


CINNAMYL CHLORIDE C„H,pi U. 
CgHs.CH'.CH.CHpi. A liquid, obtained by parsing 
HCl into cinnamyl alcohol. NaOEt converts it 
into oily CaHaOEt (Ramdohr, Z. Pharm. 1858, 
113 ; J. 1858, 448). Kp forms oily (C„H«)p. 

CINNAMYIIDENE - DIACETONAMINE r. 
vol. i. ]^. 28. 

CINNAMYLIDENE - DI - THIO - GLYCOLLIC 
ACID Ph.CH:CH.CH:(SCHp0.p)2. [143°]. 
Formed by the action of cinnamic aldehyde on 
thio-glycollio acid (Bongartz, B. 21, 481). White 
plates (from hot water). By the action of zinc- 
dust in an alkaline solution cinnamyl thio-gly- 
collic acid is formed. 

CINNAMYL IODIDE CaHal. From cinnamyl 
alcohol and PI^. Oil. Converted by alcoholic 
KCy into oily C.,HaCy. 

DI-CINNAMYL KETONE v. Di-benztlidene- 

ACETONE. * 

CINNAMYL-METHYL KETONE v. Benzyi- 

IDENE ACETONE. 

CINNAMYL-PHENYL-KETONE v. Phenyl- 

CINNAMYL-KHTONIV 

CINNAMYL-THIO-GLYCOLLIG ACID 
Ph.CH;CH.CH2.S.CH.,.CO,H. [77°]. The com- 
pound obtained by the action of cinnamic aide- 
hyde on thioglycollic acid when treated with 
zinc-dust in an alkaline solution yields this sub- 
stance (Bongartz, B. 21, 481). White plates 
(fiom dilute alcohol). 

XH:CH 

CINN0LINECJI,.N,.i.e.CsH4< 1 .This 
\N : N 

base has not been isolated. The first of its de- 
rivatives prepared was oxy-cinnolino carboxylic 
X{OII):C.CO,H 

acidCJI,<; I obtained by warming 

\N = N 

o-diazo-phenyl-propiolic acid with water (Rich- 
ter, B. IG, 677 ; v. also Widman, B. 17, 722). 

CINNYL. A name sometimes applied to the 
radicle cinnamyl Ph.CH:CH.CH» 

CIRCULAR POLARISATION v. Physical 

METHODS. 

CITRACETIC ACID C^HgOfi. An acid said to 
be formed, together with accconitic acid, by 
treating bromo-acetic ether with sodium (Baeyer, 
A. 135, 306).— Ba3A'".,2aq : gummy. -Pb,A"'8 2aq. 
CITRA-DI-BROMO PYROTARTARIC ACID v. 

Di-BROMO-PYROTAUTARIC ACID. 

CITRA - CHLORO - PYROTARTARIC ACID 

V. Chloro-pyrotartario acid. 

CITRACONANIL v. Phmylimide of Citra- 

CONIC ACID. 

CITRACONIC ACID C,Hp,. Mol. w. 130. 
[80°]. S.G. 1-0. S. 238. R^o 44*68 (in a 7 p.c. 
aqueous solution) (Kanonnikolf, [2] 32, 

*^97). H.C. 477807 (Longuinine, C. R. 106, 
1291). Tlcat of solution: 2793 (Gal a. Werner, 
Bl. [2] 47, \69). Meat of neutralisation : 27082 
(G. a. W.). 

Foimation.—!. The anhydride is the chief 
portion of the distillate obtained by heating 
citric acid. It rapidly combines with water 
(Lassaigne, A. Ch. [2] 21, 100; Robiquet,il. Ch. 
75, 78 ; Liebig, A. 26, 119, 152 ; Gottlieb, A, 77, 
265 ; Baup, A. Ch. [3] 33, 192 ; Kfimmerer, A. 
170, 191 ; Wilm, A. 141, 28).— 2. By the distil- 
lation of itaconic acid (Crasso, A. 84, 68), of 
lactic acid (Engelbardt, A. 70, 246), of dtramalio 
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Aoid (Oarias, A. 129, 160), and of oxypyrotartario 
add (Demarpay, (7. iJ. 82, 1337). 

Pro^Hes . — ^Monoolinio four-sided prisms. 

, Beliquesoent. V. sol. water, aloobol, and ether. 
Volatile with steam. By dry distillation it is 
partially resolved into its anhydride. 

Beactions. — 1. Sodium amalgam in pjeaonce 
of water reduces it to pyrotartario acid. — 2. 
Bromine unites with it in the cold, forming 
citra-di-bromo-pyrotartario acid (Kekul6, J. 1862, 
818).— 3. Fuming hydric bromide unites with it 
even in the cold, forming oitra-bromo-pyrotar- 
tario acid.— 4. Electrolysis of the potassium salt 
forms allylene CHa.C:CH. — 6. Water at 120^ 
changes it to the isomeric itaconio acid. — 6. 
Boiling dilute HNO, forms mesaconio acid. — 
7. Chlorine acting on sodium citraconate in 
aqueous solution forms chloro-oitramalic, chloro- 
methaorylic, and tri-chloro-isobutyrio acids and 
tri-chloro-aoetone (Gottlieb, J. pr. [2] 12, 1 ; 
Morawski, J. pr. [2] 12, 369). 

Salts NH,HA".— CaA" aq.-CaHaA"., 3aq. 
GaA"6aq (Kammerer, A. 148, 326). — 

SrHjA' 1 3aq. — aq : silky needles. — 

BaA''24aq (Kammerer, A. 170, 191; Petri, B. 
14, 1634). — PbHjA",. — PbA". — PbA"2aq. — 
PbA'TbO. — AgHA". — AgjA". — AgA"aq: hexa- ! 
gonal crystals. 

The acid aniline salt HA"NH3Ph loses II>0 
when its aqueous solution is allowed to stand for | 
a few days, and deposits crystals of the acid 
anilide COaH.CjH^.CO.NPhH. 

The neutral aniline salt when boiled with 
water gives the phenyl-imide C3H,(C,03)NPh. 

The ethyl -aniline and methyl -aniline 
salts do not give anilides when heated. The same 
is the case with O^Hj.NMej and CjHvNEtj salts. 

The ethyl derivatives of p-t o 1 u i d i n e behave 
^ exactly like the corresponding aniline com- 
pounds. 

Di-phenyl-amine citraconate is only 
formed at 100®, since the PhjNH separates com- 
{^etely on cooling (Michael, Am. 9, 194). 

Methyl ether (212° i. V.). S. Sat 

16®. S.G.-4I 1-1168; 1-1050. /Up 1-4442; 

hu 1*4721 at 16-6°. From citraconic acid, methyl 
alcohol, and HCl (Perkin, C. J. 39, 655), From 
silver citraconate and Mel. Oil; pleasant odour. 

Ethyl ether Et^A". (232° i. V.). S.G. U 
1*061 ; |§ 1*038. M.M. AO-499 (Perkin, G. Z 
Proc. 8, 99). Md 1-4397 ; Mh 1*4659 at 16-6° 
(Gladstone). An alcoholic solution with sodium- 
aceto-acetio ether at 100° forms an oil 
(174°) at 26 mm. (Michael, J. pr. [2] 35, 354 ; 
Am. 9, 118). 

Chloride OtE^{COCl)r (95°) at 17-6 mm. 
S.G.1«L^ 1*408. From the acid and PCU (Streoker, 
B. 16, 1640). 

Anhydride C,H,0,0,. [7°]. (214° i. V). 
S.G. 11 1*241 (Anschmz, B. 13, 1642 ; 14, 2788). 
Partially converted by distillation into xeronic 
anhydride (Fittig, A. 188, 64). Thiourea at 130° 
converts it into N^CS.NH.CO.OaH.,CO^ [223°] 
(Pike, B. 6, 1106). 

Amide OfH^OjfNH,)^ Thin colourless 
tables, sol. water, decomposes at about 186^ 
(Strecker, B. 16, 1640). 

Imide piO®]. Formed by 

distilling acid ammoninm citraconate (Gottlieb, 
A. 77, 274 ; Ciamician a. Dennstedt, G.12, 60U. 
NeedlH (from water). Br forms OABrO,(NH) 


[c.l81°] and 03H,Br302(NH) [>.144°]. O^H.OaNAg 
(Mendini, G. 16, 184). 

Anilide L04H402(NHPh)j : [176°], long Oat 
needles, sol. alcohol and ether, slightly in water 
(Streoker, B. 16, 1639). 

Acid anilide COsH.O.^CO.NHPh. 
Gitraconanilic acid. Formed sponmneously by 
allowing the aqueous solution of the acid aniline 
salt to stand for a few days. Large trimetrio 
prisms or long needles. 

Phenyliptide 03H4<^QQ^NPh. Citracon- 

anil: [98°], formed by bailing aniline and 
citraconic acid in aqueous solution (Michael a. 
Palmer, B. 19, 1375 ; Am. 9, 180). 

p-Ghloro-phenylimid^ 
03n4:0202:NCgH4Cl. [114°]. From the preced- 
ing and Cl (Morawski a. Klaudy, M. 8, 399). 

Bromo-phenylimide '‘C5H40.MN.CaH4Br, 
[118°]. From the phenylimido and" Br (M. a. 
K.). f 

Di-nitro-phenylimide 
C,H,:CA:N.C„H3(N02)2. [120^]. From the 

preceding, HNO3 and ASO, (Gottlieb, A. 85, 

21 ). 

Acid toluide »‘C02H.OsH4.CO.NHO,H, 
[166°]. Formed by warming an aqueous solu- 
tion of acid p-toluidine citraconate. 

p^Tolylimide OaH.iCANC^H^Me. [115°]. 

{a)-Naphthylimidc C3H402NC,oH7. [142°]. 
(360°). Yellow plates, sol. most solvents, insol. 
cone. HClAq (Morawski a. Glaser, M. 9, 286). 

{$)-Naphthylimide G.A.O^N. [110°]. 
From citraconic acid and (0)-naphthylamino at 
176° (M. a. G.). Pale yellow needles. 

ni'G arboxy -pheny limide 

C,H4<^^>N.C,H*..C0.,H. [218°]. Formed by 

boiling 7ii-amido-benzoic acid with an aqueous 
solution of citraconic acid. Prismatic needles, 
sol. hot alcohol and water, sol. dilute alkalis. 

Phenyl-hydrazide N^HPh. 

[160°]. Bright yellow needles; si. sol. cold, v. 
sol. hot, water. 

iBomerides of Citraconic Acid v. Itaconio 
ACID, Mesaconio acid, Croi’aconio acid, and 
Ethylidene-malonio acid. 

Constitution of Citraconic acK^.— Citraconic 
acid stands to mesaoonic acid in the same rela- 
tion that maleic acid does to fumaric acid. The 
formation of allylene by the electrolysis of oitra- 
conic and mesaconio acids indicates the presence 
of a methyl group, so that citraconic acid is 
methyl-maleic acid, while mesaconio acid is 
mcthyl-fumario acid. On the other hand, itaconio 
acid ir sa^ to give isoallylene OHjiOiCHj on 
electrolysis. • 

Gitraconio and maleio acids differ from the 
a^lo-isomeridfes in combining vffeorously with 
halogens and HBr. The ethers of citraconic 
and maleio acids have higher boiling-points than 
those of mesaconio and fumaric acids, the differ- 
ence being much greater between the methyl 
than the ethyl ethers. 

On the o^er hadd, (a).ooumario ethers have 
lower boiling-points than ^)-ooumario ethers. 

Gitraconio acid with PGl, gives mesaoonyl 
chloride, (a)-coumario acid with PGl, gives (3)- 
ooumaryl ohloride (Petri, B. 14, 1634). 

The indioes of refraction of the oitraoonle 
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and mesaoonio ethers are nearly the same for tlie 
red end of the spectrum, but the mesaconic 
ethers refract the violet rays mor^owerfully. 

The ethers of oitraconic, mareic, and (a)- 
coumario acids contract in volume on changing 
to the mor^table isomerides. The acid aniline 
salts of ciwaconic and maleic acids readily 
change, especially when their solution is eva- 
porated at 100°, into phenylimides ; the corre- 
sponding salts of mesaconic and fumario acids 
are not affected (Perkin, 0. J. 39, 661). 

The initial velocity of etheriffcation is 29*3 
for itaconio acid, 37*9 for mesaconic acid, and 
47*4 for oitraconic acid (Menschutkin, J, R, 13, 
627 ; B. 14, 2630). 

CITEAMALIG tACIO v. Oxi-pyrotaetario 

ACID. 

CITBANILIG AGID v» Phcnylimide of Citric 

ACID. 

GITBATABTABIG AGID v. Di-oxy-pyrotar- 
iarA acid. 

GITBAZIG AGID v. Di-oxy-pyridine-oarbo- 

XYLIG ACID. 

GITBENE V. Tkkpenes. 

GITRIG ACID Le. 

CO,E.CH.,.C(OE)(COJl).CE,.CO,H. [147°] 
(Grimaux a. Adam). S.G. 1*64. S. 125 at 16°; 
200 at 100°. S. (of C,,HhO; aqin 80 p.c. alcohol) 
87 at 16° ; S. (of C^HgO, in absolute alcohol) 
75*9 at 15° ; S. (of in ether) 2*26 (Bour- 

join, Bl. [2] 29, 244) ; S. (of C„H«0, in ether) 
9-1 (Lippmann, B. 12, 1650). H.F. 354,000 (v. 
Eechenberg). 

Occurrence.— Inlemona, oranges, cranberries, 
cowberries, and sundew [Drosera intermedia) ; 
together with malic acid in red currants, goose- 
berries, whortleberries, raspberries, and cloud- 
berries {Ruhm Chamcemorus) ; together with 
both malic and tartaric acids in tamarinds and 
mountain ash berries (Scheele, Opuscula, 2, 181 ; 
Berzelius, A. Qh. 94, 171 ; [2J 52, 424, 432 ; 67, 
303 L 70, 216; Robiquet, A. Ch. [2] 65, 68; 
Liebig, A. 6, 134 ; 26, 119, 162^ 44, 67 ; Mar- 
chand, J. pr. 23,60; Cahours, A, Ch, [3] 19, 
488 ; Pebal, A. 82, 78 ; 98, 67 ; Tilley, J. Fh. 13, 
305 ; Perret, Bl. [2] 6, 42 ; Warrington, 0. J. 28, 
925 ; Stein, B. 12, 1603 ; Kossovic, C. C. 1887, 
1167). Occurs also in certain plants, e.g. celan- 
idine (Haitinger, M. 2, 485), leaves of the wild 
clierry (Rochleder, Z. [2] 6, 176), Lupinus luteus, 
Vicia saliva hetoh), Vicia Faba, Pisum sativum 
(peas) and white beans (Phaseolus) (Ritthausen, 
/. w. [2] 29, 367). Occurs as lime and potash 
salt in tobacco, and in the juice of lettuce. Oc- 
curs in the root and leaves of madder (Roch- 
leder, A. 80, 322; Willigk, A. 82, 34^, in, beet- 
root (Michaelis, J. 1851„394; J. pf. 64, 184; 
Schrader, A. 121, 370), and in young vines 
(Wittstein, J. €857, 620 ; Vicr. pi*. Ph^rm. 6, 
192). 

Synf7ie5M.-«s-Di-chloro -acetone combines 
with hydrogen cy anid o forming (CHjCl) jjC(OH) .ON 
which is converted by saponification ' into 
(CH201LC(OH).0 O,jH, whence KCy readily forma 
(ON.OIlj,C(OH).CO^ which is converted by 
treatment with HOI into citric acid (Grimaux a. 
Adam, A. Ch. [6] 23, 866 ; 0. B. 90, 1262). 

Preparation.— 'Lemoji juice is allowed to 
undergo incipient fermentation, and is then 
boiled with chalk and lime. The ppd. calcium 
Yol. U. 


citrate is decomposed by an equivalent quantito 
of H^SO,. 

Propeffws.— Usually crystallises in efflores- 
cent trimetrio prisms (containing aq) a:6:o 
« *6068:1: *4106. Different specimens of crys- 
tallised citric acid when powdered and left over 
H^SO^ lose water at very different rates (Gros- 
jean, 0, J, 43, 331). From boiling solutions 
citric acid separates in anhydrous crystals 
(Sarandinaki, B. 6, 1101). Crystals containing 
2aq may sometimes be obtained (Cloez). Lime 
water produces little or no pp. in the cold, but 
calcium citrate is ppd, on boiling. Calcium 
citrate is insoluble in KOH ; it dissolves in NH^Cl, 
but is reppd. on boiling. Citric acid differs also 
from tartaric acid in not forming an insoluble 
acid potassium salt. Boiling, strongly alkaline, 
permanganate is reduced by citric acid to man- 
ganate only, tho liquid becoming green, whereas 
ill the case of tartaric acid the reduction pro- 
ceeds further, the liquid becoming brown (Chap- 
man a. Smith, Laboratory^ 1, 39 ; cf. Wimmel, 
Z. [2] 6, 286). F^eClj gives a light yellow pp. 
in a hot solution of an alkaline citrate ; the 
pp. dissolves in excess of the citrate (Kammerer, 
Pr . 8, 298). Silver citrate dissolves in hot water 
without blackening. Cone. K.^Cr.^O,Aq is 
blackened in the cold by tartaric acid but not by 
citric acid. 

Estiination (in lemon juice).— The juice is 
neutralised with Na^CO,, CaOlj is added, and the 
liquid boiled. The pp. is collected and washed. 
The filtrate and washings are treated with NH, 
and evaporated to a small bulk. Some more 
calcic citrate then separates (Grosjean, C. J. 43, 
332 ; cf. Fleischer, Ar. Ph. [3] 6, 97 ; Allen, 
C. N. 32, 277 ; Creuse, Ph. [8] 2, 647). A second 
concentration may then be effected, when a third 
quantity sometimes separates. Turmeric is better 
than litmus as an indicator in alkalimetric ex- 
periments with citric acid (F. Watts, S. C. I. 6, 
214). 

Reactions.’— 1. By heat it is split up at 176^ 
into HjO and aconitio acid CgHgO,, which on. 
dry distillation again splits up into GO, itac0nio< 
acid citraconio anhydride CjH^Oj, and 

acetone.— 2. By heating with water (10 pts.) at 
160° it is split up into itaconio acid and CO, 
(Markownikoff a. Purgold, ^.[2] 3, 264). — 3. Cit- 
ric acid (100 g.) heated with water (50 g.) and 
sulphuric acid (100 g.) for 5 hours gives aconitio 
acid which separates on cooling (Hentschel, 
J. pr. [2] 36, 206). 100 g. citric acid heated 

with 100 g. water and 6g. HjSO, at 170° give 
aconitio and itaconio acids (Pawolleok, A. 178, 
162).- 4. Cone. H^SO, at 40° gives off CO, CO„ 
and acetone, and forms an acid whose acid 
barium salt is (CjH^SOJaBa, and is converted by 
baxyta-water into (CsH.SOJjBa (Wilde, A. 127, 
170).— 6. On dry distillation with glycerin, it gives, 
besides acetonp, acrolein, CO, and CO„ a distil- 
late containing the* pyruvic ether of glyoide 
CH,.CH.OH,.O.CO.CO.CH,. [82°]. (241°) 

(De Olermont a. Ohautard, 0. R. 105, 620). — 5 . 
Cone. HClAq at 160° gives aconitio acid ; at 200° 
it also forms diconio acid GgH,uO,, and gives off 
CO and CO, (Hergt, J. pr. [2] 8, 878).— 7. An 
aqueous solution mixed with yeast and chalk 
and exposed to the air at 25° forms acetic and 

O 
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0 D| 197).--8. Ohlori/ne acting on a oono. aque- 
ous solution ol sodium citrate forms hexa-ohloro- 
acetone and chloroform. Br acts in the same 
way (Oloez, C. B. 53, 1120). — 9. Potash-fiision 
gives oxalic and acetic acids (Liebig, A. 26, 158). 
10. Acetone is formed by distilling s^ium 
citrate with lime (Freidl, M, 4, 151). — 11. An- 
hydrous citric acid is converted by a mixture of 
fu min g HNO, (1 pt.) and H2SO4 (2 pts.) into the 
nitrate C,H4(0N02)(C02H)3 erroneously called 
nitro-citric acid. It is insol. ether, and forms 
insoluble salts BajA"', and PbaA^'j (Champion 
a. Pellet, Bl [2] 24, 448).— 12. Citric acid (1 
mol.) heated with glycerin (1 mol.) at 100® 
forms glyceryl citrate CaHj.OaHjOr a glassy 
mass, insol. water (Bemmelen, J. jpr. 69, 84). 
Excess of glycerin at 170° gives so-called 
citro-diglycerin 0,2H,80,o(?).^ — 13. Citric 
acid (1 mol.) heated with mannite (1 mol.) 
at 140° forms citromannitan C,2H,40, 

S Bemmelen, J. 1858, 435). Excess of citric acid 
2 mols.) heated with mannite at 150° forms 
lioitromannitan GigH^oOi^. <Both bodies are 
amorphous. 

Salts. — NH4H2A'" : triclinio crystals. — 
NH4LHA" S.G. 1-479 (Clarke, Am. 2, 174).— 
NH4)3A'"aq: deliquescent. Ferric and alumi- 
nium oxides, freshly precipitated, dissolve in a 
solution of ammonium citrate, and from the solu- 
tions when evaporated salts of the general type 
C3 Hj 0,H(NH4)2(C4H507(NH4)2)5M2H20 crystal- 
lise out. Similarly magnesium, manganese, nickel, 
cobalt, zinc, copper, and mercuric oxides dissolve 
in ammonium citrate to form salts of general 
type [C4H50,(NH4)2]2M generally with 1 mol. 
^0. Solutions of these salts are not precipi- 
tated by ammonia, the alkaline hydroxides and 
carbonates, but completely precipitated by H^S 
or ammonium sulphide. The oxides and carbo- 
nates of Ba, Sr, and Ca decompose boiling solu- 
tions of ammonium citrate forming insoluble 
pp8. of the corresponding salts CajA'",, <fec. (Lan- 
drin, A. Ch. [5] 25, 233; C. B. 86, 1336).— 
(NH4)3 HsA"', (Heupser, P. 88, 121).— LijA"' (?) 
(Thomson, Bh. [3] 13, 783).-NaH2A"' aq.— 
NajHA"' aq ; needles.— NajA'"5^aq. S.G. ^ 

1*858 (Clarke, Am. 2, 174 ; E^merer, A. 148, 
294 ; 170, 176). . Trimetric prisms or groups of 
silky needles. — Na,A"' ‘iaq (Heldt, A. 47, 
157). — KHJI'" 2aq. — K^HA"'. — K,A'" aq.— 
K,(NH4 )j^"' 2.-K2(NH4)A'". - K3Na,A%6iaq. 
K^a,A' 2 llaq. — Tl^'" (Kuhlmann, C. R. 55, 
607). — ^Ba, A'", 7aq: amorphous pp.—Ba,A"'2 6aq: | 
groups of minute needles, formed by boiling 
the above with water. — BajA'^j 3.^aq : minute | 
mcnoclinic prisma, formed by treating either 
of the two preceding salts with ammonia. — j 
Sr,A'"2 5aq ; minute silky needles.— SrjA"'„2a<i: 
Sr,H2(0.H40,)4 llaq. - Sr,H2(C,H40,)4 2i^.- 
Ca,A' 2 4aq. FromNagA'^andiijaClj >pp. changed 
in water at 100° into minute transparent needles. 
Oa,A"'a7aq.— CaH2A"' aq.— MgiH2(C,H40,),8aq. 
Mg, A'", 9aq. - Mg,A% 61aq. -Mg,A"', 7aq. - 
^8n^?(^8S4^7)« lOaq. Mg^4(GaH40,)^ 8aq. — , 
Mg, A "2 14aq.— Mg(NH4)4A'"a 2aq (Landnn, C.B. 
86, 1836). — Zn,A'"2 2aq. — Zn,H4(0,H40,)4. — 
Zn,H 2 A '"4 2aq. — ZnfNHg) jA'",. — Cd,A'", 4aq. — 
Cd,A'",10aq.— Cd,H,( 03 H 40 Ajl 8 aq ; needles.— 
Cd^H,(C 3 H 40 ,), 27aq. — Cn, 0 ,H 40 , 2j^aq : green 


} er/Btalline precipitate which is obtained by bo0» 
ing a solution of cupric carbonate in citric acid. — 
Cu5H2i0aH40,)| 16aq : greenish pp. got by adding 
alcohol to the af^ve solution.— Cu(NH4)4A'"2aq 
(Landrin, O.P. 86, 1336).— Pb,A'"2 3aq : crystid- 
line pp. from lead nitrate and Na,A'''. — 
Pb204H40, 2aq : amorphous ; got by h^^ting the 
preceding wi^ ammonia.— PbgA'", aq : amor- 
phous pp. from alcoholic Pb(OAc)2 e^nd citric 
acid. — PbHA"': crystals, v. sol. water, — 
Pb,A"'2Pb202 3aq (at 100°) (Otto, A. 127, 175).— 
Pb,AVb404. — H^NH4)4A"V — Co, A'", 14aq : 
amorphous.— C8(NH4)4A^", 4aq — NigA"'- 14aq : 
amorphous. — Ni(NHj4A'"2 4aq. — MngA'", 2aq : 
cryst^line powder formed by boiling citric acid 
with MnCOg (Heldt) ; the following salts are 
formed at the same time (E.).^ Sodium citrate 
does not precipitate salts of manganese. — 
MnHA'" aq.— MngA^'jOaq : trimetric prisms. — 
Mn,H2(C8H402)g 16aq. — MnjH2(CaH40y)4 18aq. — 
Mn(NH4)4A'^2;”^®IlA."'aq J crystalline powder 
formed by boiling iron with aqueous citric acid! — 
FeNaA'" : apple-green scales (Bother, Bh. [3] 13, 
629). — Fe(OH)Na2A'" : amorphous grass-green 
powder. — FeNa2H2A"'2. — FeNa^AP04)A".— 
FeA'" l^aq : got by dissolving Fe(OH)g in citric 
acid. Light brown film.— Fe(OH)HA'"2aq 
(Schiff, A. 125, 147).-Fe(NH4)gA"'2: greenish- 
yellow mass.— Fe(NH4)2HA'"2.— Fe(NHJH2A'"2. 
(FeO)2(NH4)A'" 4aq. — FeA"'(NHg), 3aq. — 
Fe2(NH4).,(CaH40,)2 3aq (M6hu, /. 1873, 570).— 
Fe(OH)(NH4)4A'"2 2aq. — Al(OH)(NH4)4A"'2. — 
SmA'" 6aq : amorphous pp. sol. ammonia. The 
ammoniacal solution does not become turbid on 
heating (C15ve, Bl, [2] 43, 172). — YgA'", 14aq.— 
LaA'" 3^aq (Czudnowicz, J, 1860, 128 ; J. pr, 
80, 31). — CeA'"3^aq. — E,SbA'"2 2^aq: hard 
prisms grouped in tufts. — BiA'" : granular pp. 
obtained by boiling bismuth nitrate with citric 
acid (Bother, Bh. [8J 6, 764; Cavazzi, G. 14, 289). 
— (BiO)(NH4)2A'": obtained, together with the 
following body, by boiling the preceding with 
ammonia,— (BiO)(NH4)HA"'.— BiA<"4Bi(OH), : 
gelatinous pp. — BiA'"(NH3) 3aq (Bartlett,0. N. 11, 
28).— FeA"'BiA'"('NH3), Saq.-AggA"' : powder; 
crystallises from water in needles. — AgjHA" 
RCnnefahrt, J. 1876, 562).— Ag3A'"(NHg) l-^-aq 
WOhler, A. 97, 18).— Ag^A'" (?) (W.): got by 
heating AggA'" at 100° in a current of hydro- 
gen. — Ag2CaCgH40,. — Telluro - citrate. 

aq : leaflets, v. sol. water ; formed 
by adding citric acid to a solution of potassium 
tellurite and evaporating (Elein, G.R. 102, 47). — 
Boro-citrates. Boro -citric acid A'^gHBO, at 
80°is formed by dissolving boric acid (1 mol.) in a 
solution of citric acid (2 mols.). It is a deli- 
quescent mass. The boro-citrates are formed by 
dissolviug bcric acid in solutions of the citrates. 
The magnesium borocitiates do not crystallise. — 
Na,A'"8HBOr— Na2HA'"2HB02.— 

NaH .A"'HB02. -E^H A"'2HB03. — ^A^'SHBO,. 
EH2A"'HB02.-KHgA"'22HB02.- 
LiHgA'^HBOr— Li,HA'"2HB02.-^LigA"'3HB0,. 
MgH4A"'2HB02.— MggHjA'VHBO,.— 
Mg,A'"26HB02 (Soheibe, Bh. [8] 11, 889).— 
Aniline salt NPhHjCgH,0,. Needles (Pebal, 
A. 82, 91). At 145°^ it changes to the phenyl- 
imide. t^-Cumidine salt C^EjMegNEgHgA'" 
[188°] (Schneider, B.21. 660). 

Methyl ether MeHgA''' (Demondesir, A. 
60, 802). 
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Di^methyl ether MejHA'" (St. Evre, i4, 
80 326). 

Tri-methyl ether MogA't. [79°]. (o. 

286°) ; (176® at 16 mm.), Formed, together with 
the two preceding bodies, by passing HOI into a 
solution 4 citric acid in MeOH (St. Evre, C. R. 
21, 1441). Triclinic crystals. Partly split up 
on distillation into and tri-methyl aconitate 
(271°). PCI, gives oily 03H,Cl(COjMe)j. 

Acetyl-trimethyl ether 
0,H,(OAo)(CO,Me),. (281°) ; (yi° at 16 mm.). 

Mono-ethyi ether Formed by 

the action of sodium amalgam upon wet Et,A"' 
(Claus a. Roennefahrt, B. 8, 866). Formed also 
by boiling citric i^id with acetic ether (Kreitmair, 
B. 8, 737). Thin prisms ; v. sol. water, alcohol, 
and ether. — NajEtA"' (at 100°) ; prisms. — 
^g,EtA'". 

Di-ethyl ether Et,,HA'". (218°) at 60mm. 
Formed, together with the preceding, by the 
ac^on of sodium amalgam on wet citric etW. — 
NaEtjA'": delitescent. Formation, — (Conen, 
B. 12, 1653 ; Ruhemann, C, J. 61, 404). 

Tri- ethyl ether EtgA''^ (218° at 60 mm.) 
(Ruhemann, B. 20, 799 ; 0. J. 61, 404) ; (213° at 
36 mm.); (263° at 300 mm.) (Conen, B. 12, 
1663). S.G.^° 1*137(0.). r4513. R^o 106 09 

(Briinl). Formed by heating citric acid with 
alcohol and H3SO4, or, better, by saturating an 
alcoholic solution of citric acid with HCl (Th6- 
nard, Mdm. d'Arcueil, 2, 12 ; Malaguti, A. Ch. 
63, 197 ; Dumas, 0. R. 8,628 ; Marchand, J.pr, 
20,318; Heldt,A. 47, 167; Demondesir, 0. R. 
33, 227; Pebal, A, 98, 67; Claus, B. 8, 867). 
Oil ; V, sol. alcohol and ether. It boils with de- 
composition at 280°. 

Acetyl- tri- ethyl- ether 
0,H,(OAo)(C02Et)3: (288°) ; (229° at 100 mm.), 
(214° at 40 mm.) ; S.G. 1*1469. By the action 
of strong aqueous NH, it is converted into the 
amide of di-oxy -pyridine-carboxylic acid (citraz- 
/C(OH);CH\ 

imfae)Nf -^>C*CONBL (Ruhemann, B, 

\C(0H):CH/ 

20, 799 *, C. J. 61, 404 *, cf. Wislicenus, A. 129, 
176). Yields a phenyl-hydrazide [128°]. 

Tetra - ethyl ether C3H*(0Et)(C02Et),. 
S.G. =,° 1*1022. 1*4648. Roo 119*97 (Briihl). 

Thick liquid. Bitter taste. (238° at 150 mm., 
and about 290° at 760 mm.). With PCI, it gives 
aconitic ether (Conen, B. 12, 1653). 

Tri - n-provyl ether C3H.(OH)(CO.,Pr)j. 
(198°) at 13 mm? 

Acetyl-tri-n-propyl ether 
03 H,(OAo)(C 03C3H,),. (206° at 13 mm.). When 
heated to 260°-280° the acetyl ethers readily split 
off acetic acid, yielding the correspoiding ethers 
of aconitic acid (Anschiilfe a. Klingeraann, B. 18, 
1963). ^ , 

Mono-isoamyl ether CsHuHjA'" (Breun- 

CaH2(C5H„)2A ", a;aq : laminas. 

Ethyl isoamyl ether CgH„EtHA'", Oil. 
Tri-phenyl ether CjHjOlCOaPh),. [126°]. 
Prom citric acid, phenol and POOL (Seifert, 
/.pr. [2] 81, 470). 

Mono-amide 0,H,0(OOjH)2CONHa. Gitro- 
ftt^-amic acid. [188°]. Colourless crystals ; ex- 
tremely sol. water, less sol. alcohol, insoL ether 
And ligroln. Formed as a by-product in the 


preparation of the tri-amide. By boiling with 
HOI, or by heating with 76 p.o. EE^SO^, it is con- 
verted into citrazinic acid OjHjNO^. — Salt. 
CjHjOflNAgj : white pp. 

Di-amide 03H,0(C02H)(C0NHj)3; dtro- 
di-an^ic-acid: [168°] ; white plates; v.sol. water, 
nearly insol. alcohol and ether. Formed as a 
by-product in the preparation of the tri-amide. 
By boiling with HCl, or by heating with 76 p.c. 
H^SO^, it is converted into citrazinic acid. — 
CgH^OgN-^g : crystalline pp. 

Tri-amide O.HgOICONH,), : [210°-216°]; 
colourless crystals; 8. (at 18°) = 2*7; (at 100°) 
33*3 ; insol. alcohol, ether, Ac. Prepared by 
the action of strong aqueous NH, (*88) in the 
cold upon the tri -methyl ether of citric acid. 
By heating with HCl or with 76 p.o. H3SO4 it is 
converted into citrazinic acid (Behrmann a. Hof- 
mann, B. 17, ^682). 

Tri-methyl -amide 

C3H4(OH)(CO.NHMe),: [124°] ; white prisms, v 
sol. cold water. 

Phenylimide C,R,{OE.){CO,B.){C,0^'tlTh). 
Citranilic acid. Formed by heating citric acid 
(1 mol.) with aniline (1 mol.) at 160° (Pebal, A. 
82, 92). Crystalline spherules (from water). — 
AgC,3H„NO,.-NPhH,C,3H„NO,. 

Dianilide C3H,(0H)(C03H)(C0NPhH)3. 
[160°]. Formed by boiling the di-phenyl-amide- 
imide with ammonia. Concentric groups of 
silky needles (from alcohol). 

Di-phenyl-amide-imide 
C,H,(OH)(CONPhH)(CANPh). Formed by 
heating the aniline salt of the phenylimide. 
Hexagonal plates ; sol. alcohol. 

Tri-anilide C,H4(OH)jCONPhH),. 

Formed by heating normal aniline citrate. 
Prisms (from alcohol). Insol. alkalis. 
p-Tolyl-imide 

C.H,(OH)(CO,H)<^°>NC,H, : [173»]: amaU 

white crystals; v. sol. alcohol, ether, and hot 
water, si. sol. cold water. Formed by heating 
mono-^-toluidine citrate at 160°-170°. 
Di-p-tolyl-amide-imide 

C.H.(OH)(CO.NHC,H,)<^^>NC.H, : [SOgoj ; 

small granular crystals; m. sol. alcohol and 
ether, insol. water, formed by heating 1 mol. 
of citric acid and 2 mols. of p-toluidine for three 
hours at 160°-170°. 

Di-p-tolyl-di-amide 
C3H,(0H)(C0.NHC,H,)3(CC^): [161°]; smaU 
needles ; sol. alcohol and ether, insol. water. 
Formed by heating the preceding compound with 
aqueous NHj. 

Tri-p-toly I -tri-amide 
aH,(OH)(CO.NHCA).: [189°]; silky white 
microscopic needles; si. sol. alcohol, insol. 
water. Formed by heating 1 mol. of citric acid 
and 8 mols. p-toiuidine at 140°-146° (Gill, B. 
19, 2362). 

Di-^ -cumyl-amide-imide 
C3H,(OH)(CO.NHCeH3Me,)(C303NC3H,Me,). 
{173°]. The chief product of the action of 
^'Oumidine (2 mole.) on citric acid (1 mol.) at 160° 
(Schneider, B. 21, 660). Prisms ; y. sol. alcohol. 
Di-^-oumidide 

O,H,(OH)(OOA)(CO.NH.O,H.Me0r. [194°]. 

Formed by treating the preceding with alkalis.— 
NaA'. [286°]. 
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Tr*‘ - tp.cumidids 

C^.(OH)(CO.NH.O^ByMe^, * [185®] ; white 

powder^ 81 , boI. alcohol. JFormed by heating 
citric acid (1 mol) with ^-oumidine (8 mols.). 
Banstdtde 

< CO.NH.C«H, 

I . Prom benzidine 

CO.NH.C«H, 

end citric acid at 150°. Carbonises above 300°. 
Crystalline powder. 

Tolylene- diamide 

O.H,(OH)<°>05^>O.H.Me. [187°]. From 

citric acid and tolylene-diamine. [99 °] at 130°. 
Minute crystals. 

Tri-nitr O’ anilide 

0^4(0H)(C0.NH.C^,N02),. [108°]. Formed 
by nitrating the anilide. 

-naphthyl -amide ’iinide 

0,H,(OH)(CO.NHO,.H,)<™>NC,.H, : [233°]. 

Formed by heating 1 mol. of citric acid with 
2 mols. of ()3)-naphthylamineo at 140°-150°. 
White BiZ'Sidea plates. SI. sol. alcohol, insol. 

water. 

Di-{B)-naphthyl’di-amid6 
0A(0H)(C02H)(C0.NHC,„H,).,: [172°]. Formed 
by digesting the preceding body with cone, 
aqueous at 170°. Microscopic concentric 
needles. Insol water. Weak acid reaction to 
litmus. — A'Ag. 

Tri-{$)-naphthyl-tri-amide 
C,H,(OH)(CO.NHC,oH,),: [215°]. Formed by 
heating the di-naphtbyl-amide-imide with (j8)- 
naphthylamine (1 mol.) at 150°-170°. Micro- 
scopic prisms. V. sol. alcohol, insol. water. 

Di- {a) -naphthyl -amide -iinide 

C.H.(OH)(CO.NHO,JH,)<®°>NO..H. : [191°]. 

Formed by heating 1 mol. of citric acid with 
2 mols. of (a)-naphthylamine at 140°- 1 50°. Six- 
sided plates (from benzene). V. sol. alcohol, 
ether, do., insol. HClAq. 

Di-{a) -naphthyl -di-amide 
,0,H,(0H)(C0,H)(C0.NHC„H,)2: [149°]. Formed 
•by heating the preceding body with aqueous 
NH^ at 160°-160°. Small needles (from alcohol). 
A^Ag. 

Tri- (a) -naphthyl- tri^ amide 
OA(OH)(CO.NHC,oH,), [129°]. Formed by 
heating the di-(a)-naphthyl-£imide-imide with 
(jB)-naphthylamine (1 mol.) at 160°-170°. Micro- 
scopic rhombic prisms (Hecht, B. 19, 2614). 
ISOMEEIDE OP CITEIC ACID v. Oxy-tri- 

OABBALLTLIO AOID. 

CITEIDIC ACID V . Aconitio acid. 
CITEONELLOl 0,oH,«0 (Gladstone, C. J. 25, 
47) or C,oH„0 (Wright, O. /. 12, 318). (210°i. 
220°). The onief constituent of the oil of 
citronella {Andropogon Nardna or Sdwenanthtis), 
a grass cultivated in Ceyloh^ PjSj appears to 
form a mixture of terpenes and their polymerides. 
It combines with Br, forming a dibromide, which 
is split up by heat into HgO, cymene, and HBr. 

CLADONIC ACID. {fi)-U8nic acid. [176°].' 
Occurs in Cladonia rangiferina (Stenhouse, A. 
155, 50 ; Hesse, A. 117, M6). Yields betorcin 
on dry distiUation. Oladonio acid is probably a 
mixture of usnic and barbatic acids (Paterno, O, 
118; 12,231; Stenhouse, A. 203,285). 


CLASSIFICATIOS, CHEMICAI.— In tiie fol- 
lowing article nothing more is attempted than to 
sketch the outlities of the methods by the em- 
ployment of which a fairly satisfactory scheme 
of chemical classification may be attained. ‘ By 
the classification of any series of aojects is 
meant the actual or ideal arrangementtogether 
of. those which are like and the separation of 
those which are unlike ; the purpose of this 
arrangement being primarily to disclose the 
correlations or laws of union of properties or 
circumstances, ''and secondarily to facilitate 
the operations of the mind in clearly con- 
ceiving and retaining in the memory the 
characters of the objects in question.’ ' 

The importance of classifica'^tion in chemistry 
can scarcely be too much insisted upon. The 
fundamental object is to arrange the various kinds 
of matter with which chemistry is concerned in 
classes, so that the connexions between the pro- 
perties and the composition of these kinds ^f 
matter shall be made apparent. Inasmuch as 
our knowledge of the connexions between the 
comfiosition and the properties of different kinds 
of matter is being modified from day to day, it is 
evident that no system of chemical classification 
can be regarded at present as a final system. 
That we may draw the outlines of a scheme of 
chemical clas.'jification,it is necessary first of all 
to inquire what the objects are which the scheme 
is to include. 

Chemistry concerns itself with the connexions 
between the properties and the composition of 
homogeneous kinds of matter; a homogeneous 
kind of matter being such that all the portions, 
however small, into which it can be divided, are 
possessed of the same properties as belong to 
the mass. But the properties of homogeneous 
kinds of matter are of two kinds ; on the one 
hand, there are those properties which belong 
to, or which may be acquired by, the specified 
kind of matter considered apart tfrom other 
kinds of matter; on the other hand, there ore 
the properties which are exhibited by the spe- 
cified kind of matter when it acts on, and is 
acted on by, other kinds of matter. Chemistry 
concerns itself more especially with the latter 
kind of properties. Another classification of the 
properties of homogeneous kinds of matter may 
be made ; we may pay regard to those properties 
which are the sums of the properties of the parts 
of the specified mass of matter ; or we may look 
to those properties which are dependent on the 
configurations of these parts. Any mass of 
matter may be conceived to be made up of a 
vast but finite number of minute particles, which, 
for the ^purposes of the investigation in hand, 
may be regarded as indirvisible. These particles 
may or may not be possessed of the properties 
which distinguish the mass of Matter under 
consideration ; the properties of the mass may 
be the sum of the properties of tUb particles, or 
they may differ from the sum of those properties. 
In the latter case we assume that the properties 
of the mass depend, among other conditions, 
on the relative arraligement of the particles. 
The weight of any mass of matter, i.e., the force 
with which the matter is attracted towards the 

* Stanley Jevona (in Principles of ScUnee, il. 848, Isi 
ed.) modifyinff Uuxle} ’i defiuitiun triv«u In Leetureson tkt 
Elanenis sf Cermparativt AruUomjf (1864), p. 1. 
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earth's centre, is absolutely independent of the 
arrangeirwnt of the partieles, and is equal to the 
gum of the weights of these par ti^es. The volumes 
occupied by specified masses of homogeneous 
gases, on the other hand, are entirely dependent 
on the rtJative arrangement of the particles, and 
are nol jhe sums of the volumes occupied by 
these particles when separated from each other. 
Most of the chemical properties of any homo- 
geneous kinds of matter are not the sums of 
the properties of the particles of such kinds of 
matter. • 

Such then *being, very broadly, the kind 
of properties considered in chemistry, we have 
next to inquire as to the meaning of the term 
composition. This inquiry at once carries us 
back to properties. Experiment shows that from 
ceitain kinds of homogeneous matter there can 
be obtained two or more different kinds of ho- 
mogeneous matter, which new kinds of matter 
^e wholly unlike the original in properties, and 
the mass of ea^ of which is less than the mass 
of the original ; the sum of the masses of the 
new kinds of matter being, however, always 
equal to the mass of the original matter. Ex- 
periment- also shows that from certain kinds of 
homogeneous matter new kinds of matter can be 
obtained only by adding on to (or combining 
with) the original matter one or more different 
kinds of matter, and that in these cases the mass 
of the new kind (or kinds) of matter produced 
is greater than the mass of any one of the kinds 
of matter which have united to produce it, but 
is equal to the sura of the masses of all these 
kinds of matter. Experiment thus enables us to 
arrange all known kinds of homogeneous matter 
in two classes; those kinds belonging to the first 
class, i.e., those from which can be obtained two 
or more different kinds each unlike, and weigh- 
ing less than, the original, are called com- 
pounds ; those belonging to the second class, 
i.e., thos^which can be changed only by adding 
pn to them some other kind of matter, are called 
elements. A compound may of course be changed 
by adding on to it a new kind of matter in the 
same way as an element may be changed ; but 
an element can be changed in this way and in 
this way only. So far as exact knowledge goes, 
elements may be said to be completely homo- 
geneous ; not only are we unable to separate a 
specified mass of an element into particles un- 
like each other, by grinding, or cutting, or 
dividing the mass in any way, but we have 
every reason to suppose that the extremely 
minute particles of matter, by the union of which 
we are obliged to regard the mass as built up, 
are themselves completely identical p proper- 
ties. Although by, grinding, \)r cutting, or 
dividing by a machine, we cannot separate a, 
specified ixiass of a compound into particles un- 
like each other, yet we are certain that the ex- 
tremely minute particles of matter, by the union 
of which we are obliged to regard the mass as 
built up, are themselves built up of yet smaller 
particles, some of which are wholly unlike some 
others. But notwithstanding this distinctiofl, 
which may perhaps be removed as more knowledge 
is gained, we are justified in applying the term 
homogeneous kind of matter to elements and 
compounds alike. 

Ohemiatry then oonoerns itself with the con- 


nexions between the properties and the composi- 
tion of elements and compounds. By the com- 
position of an element is meant, at present, 
simply a statement of the name of the element ; 
the element is composed of itself. By the com- 
position of a compound is meant, at present, a 
statement of the elements by the union of which 
the compound is produced, and of the mass of 
each element which goes to produce a specified 
mass of the compound. But the word composi- 
tion, as we shall see hereafter, has a toiler 
meaning than this. 

Let us then regard the composition and pro- 
perties of compounds with the view of placing 
together those which are like and separating those 
which are unlike. The moment we attempt to do 
this, we find that our classification of compounds 
must include elements also. A series of com- 
pounds mayjbe formed by the union of one ele- 
ment with other elements; the properties of 
these compounds present some points of simi- 
larity ; the presence in all of them of the speci- 
fied element is accompanied by certain more or 
less marked sftnilarities of properties. We wish 
to connect properties of compounds with com- 
position ; therefore we must learn the properties 
of the elements which by their union produce 
these compounds ; but this involves the study 
of these elements both as they are in themselves, 
that is, as they are when unacted on by other 
elements, and also as their properties are modi- 
fied when the elements combine with others. 
We cannot then classify compounds without 
studying the properties of elements, and we 
cannot classify elements without studying the 
properties of compounds. 

Compounds may be classified in accordance 
with (1) the number of elements in each; 
(2) the qualitative properties of the elements in 
each ; (3) the quantity of the eleinents in each ; 
(4) the quality and quantity of the elements in 
each ; (6) the functions performed by elioh ; 
(6) the qualitative and quantitative elementary 
composition and at the same time the function 
performed by each. 

Making the number of elements in each com- 
pound the class-mark, we should have a division df 
compounds into binary, ternary, quaternary, Ac.; 
but this arrangement would tell very little about 
the compounds in^ach class r many compounds 
may be binary compounds, and yet the differ- 
ences between them be very great. If the quali- 
tative properties of the elements in a number 
of compounds are made the class-mark, we 
should have a division into compounds of oxy- 
gen, compounds of chlorine, compounds of iron, 
and so on; but not only would this arrange- 
ment convey little information regarding the 
compounds classified, but it would involve an 
immense number of classes, and the classes 
would overlap each other ; e.(jf. the chlorides of 
iron wouli bepljJCedboth in the class of chlorides 
and also in that of compounds of iron. Nor can 
the quantity of the elements in compounds by 
itself be made the characteristic mark of a class; 
else we should have vast numbers of quantita- 
tive analyses as the sole basis of classification. 
More hopeful is it to attempt a classification o^ 
compounds based on the functions which they 

f >erform under stated conditions; this scheme 
eads to the placing together e.g. of acids, basio 
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compounds, metallic compounds, peroxides, am- 
hydrides, dte., &o . ; but 'unless we connect the 
composition of the acids, the basic compounds, 
the anhydrides, <&o., with the functions of each 
of these groups, our classification must* at the 
bMt be on^-sided and subject to continual modi- 
fication. The characteristic mark of a^ class 
should be some property or circumstance, or a 
conjunction of properties or circumstances, 
which is easily detected, and which belongs to 
all the members of the class and to no others. 

The property which we propose to employ as a 
class-mark is power of performing a stated action 
under stated conditions, and with this property 
we shall endeavour to connect a certain com- 
position. The term composition must be inter- 
preted as meaning not only a statement of the ele- 
ments, and of the masses of these elements, which 
produce a specified mass of any givon compound, 
but also a statement of the number of atoms of 
each element in the atomic complex or reacting 
chemical unit of the compound in question ; or, 
in the case of gaseous compounds, of the number 
of elementary atoms in the molecule of the com- 
pound. We shall assume the molecular theory 
of the structure of matter, and the atomic theory 
of chemistry (v. Atomic and MojiECULAR 
WEIGHTS, vol. i. p. 33G). We shall also assume 


evoiatioB of carbon dioxide, and react with 
many metals to produce compounds composed 
of the metal a^jd a portion of the elementary 
constituents of the acid, this action being fre- 
quently accompanied by evolution of hydrogen. 
Oxides which react in this way are^enerally 
speaking, but not always, oxides of non-metallio 
elements. Other oxides again exist which either 
do not dissolve in water, or dissolve only in re- 
latively very large quantities of water, and 
which do not thus produce either alkalis or acids, 
but react with aqueous solutionp^ of acids to form 
salts and water. Such oxides are for the most 
part oxides of well-marked metallic elements. 
Finally a few oxides exist which do not belong 
to any one of the three classes already con- 
sidered; omitting these, the three classes of 
oxides may be named (1) alkali-forming or 
alkaline oxides ; (2) acid-forming oxides or an- 
hydrides ; (3) salt-forming or basic oxides. The 
alkaline oxides are all oxides of metals, i&ie 
acid-forming oxides are generally oxides of non- 
metal§, and the salt-forming oxides are oxides of 
elements most of which are usually classed with 
the metals. The following list will serve as 
data on which a comparison of the properties 
with the composition of each of these classes of 
oxides may be based : 


1. Alkali- forming oxides. 

LijO, Na,0, K,0, Eb.O, 
CsjO; TljO; MgO, CaO, 
SrO,BaO;(?AgaO?PbO) 


II. Ac.id-fonning oxides. 

B O,; CO, COj; N , 0 , N^O,* N^O^, 
N,Oj; SiO,; P.O',, PA; SOj, 
SO,; CIA' Cl, d,; ScO,; TeO„ 
TeOj ; I2O5 ; and the following 
oxides of metals, viz. V^O*, VjOj ; 

AsA» As A; sbA» SbA; 
NbA; TaA; (?BiA); (?DiA); 

CrO,; MoO,; WO,; Au20,;IrA; 
OsOj ; PtO, PtO, ; PbO, ; MnO, ; 
SnO, SnOj ; TiO, ; ZrOj. 


III. Salt-forming oxides. 

Most of the oxides not placed in 
groupsl.andll.; the chief exceptions 
being HgO, HjO,, NO, and some of 
the oxides of Cr,Mo, W.andU. The 
oxides (MA of Li, Na, K, Bb, Cs 
and Tl, and the oxides (MO) of Mg, 
Ca,Sr, and Ba, being already classed 
as alkali-forming, may be omitted 
from this group, although they re- 
act with acids to form salts ; some 
metallic oxides containing rela- 
[ tively much oxygen, '^.g. Na, 02 , 

I KjO,, BaOj, BijO^, &c., form sal'Js 
I by the action of acids but at the 
I same time evolve oxygen. 


that the reader is familiar with chemical for* 
mulffi and notation. 

A number of compounds exist which dis- 
■olve in water to" produce mpre or less alkaline 
liquids, that is to say, liquids which exert a 
corroding action on organic fibres, change the 
tint of various vegetable colouring-matters, neu- 
tralise acids without ©volution of any gas, pre- 
cipitate the hydroxides of most heavy metals 
from solutions of salts of these metals, have a 
peculiar soap-like action on the skin, and sapo- 
nify fats. The compounds which thus dissolve 
in water to produce alkaline liquids are found 
on analysis to be binary compounds of oxygen ; 
the element present in combination yfith oxygen 
is in each case a metal. (Kher oxides exist 
which dissolve in water to produce more or less 
acidic liquids, or which can be obtained from 
acids, that is to say, compounds aqueous solu- 
tions of which, like aLkalis, exert a corroding 
action on organic fibres and change the tint of 
various vegetable colouring-matters, which neu- 
tralise alkalis with the production of water and 
salts but without the evolution of any gas, neu- 
tralise carbonates of the alkali-metals with 


j The alkali-forming oxides are oxides of 
strongly marked positive elements ; if more than 
one oxide of such an element exists, that with 
the less oxygen is alkali-forming. The acid, 
forming oxides are either oxides of the more 
negative elements (non-metals), or they are the 
higher oxides of the less positive metals ; many 
of the anhydrides belonging to the latter class 
do not form acids when acted on by water, but 
are obtained by removing water (^usually by the 
action of,heat) from the hydrated oxides which 
are themselves feebly acirdio in character. By a 
body of a feebly acidic character is meant a 
compound which, as a rule, is insoluble or nearly 
insoluble in water, does not react with aqueous 
solutions of alkalis to form salts, bnt gives rise 
to the production of salts when it is fused with 
an alkali ; the salts thus produced are unstable 
and are easily separated into their constituent 
oxides. The salt-forming oxides which are 
neither alkaline nor acid-forming constitute by 
far the greater number of the well-marked me- 
tallio oxides. The physical properties of the 
oxides placed in the same class are not neces- 
sarily similar; thus CO, C0„ K^Of, SO,, and 
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«ome other anhydrides, are gaseous under ordi- 
nary conditions of temperature and pressure, but 
the metallic oxides belonging td this class are 
solids, many of which melt, if at all, only at 
high temperatures. 

The dtvision of oxides into three classes, an 
outline of which has now been given, is based to 
a great extent on the properties of compounds 
which are produced by the interactions of these 
oxides with water on the one hand, and with 
acids on the other hand. In ^rder then more 
completely to grisp the classification of oxides it 
is necessary to consider the properties and the 
classification of alkalis, acids, and salts. 

The term alkali was originally applied to the 
ashes of sea-plants; but it was soon extended 
to include substances which, like the ash of sea- 
weed, easily dissolved in water to form solutions 
having a soap -like action on the skin, affecting 
the colour of many vegetable matters, and re- 
ading with acids with effervescence and the pro- 
duction of new tubstances wherein neither the 
properties of the alkali nor the acid were promi- 
nent. About the middle of the eighteenth cen- 
tury Black proved by quantitative experiments 
that the effervescence which occurs during the 
interaction of an acid and an alkali is caused by 
the outrush of a gas which existed in the alkali 
in combination with the other constituents of 
that body. That the same gas may also bo ob- 
tained from the alkali by the action of heat was 
also proved by Black. From this time it became 
customary to distinguish mild or carbonated al- 
kali from burnt or caustic alkali, the former being 
regarded as a combination of the caustic alkali 
with carbonic acid gas. Both carbonated and 
caustic alkali reacted with acids to produce the 
same substance, in which the properties of alkali 
and acid were lost, nr rather merged into a new 
set of properties ; the action was attended in the 
case of carbonated alkali with evolution of car- 
bonic acid^as, but in the case of caustic alkali 
ffb gas was produced. Continued examination 
of alkali showed that the composition of the sub- 
stance thus named was not always the same; this 
led to the recognition of more than one kind of 
matter exhibiting the characteristic properties of 
alkalis. Lavoisier adduced reasons for regarding 
the various alkalis as compounds of unknown 
metals with oxygen, but he did not succeed in 
actually demonstrating their composition. In 
1807 Davy decomposed two alkalis, potash and 
soda, each into oxygen and a metal, by passing 
an electric current through them when molten, 
and a year later by the same agency he separated 
the three earthy bodies, lime, strontia, and baryta 
— bodies which to a great extent roeemWe alkalis 
in their properties — info oxygen, and in each case 
a metal, ^e composition of tjie various bodies 
having the properties already summarised as 
characteristic of alkali was now settled; these 
bodies were oxides of metals. But further in- 
vestigation showed that aqueous solutions of these 
metallic oxides did not contain the oxides, but 
rather compounds of m^tal, oxygen, and hydror 
gen, and that these compounds, these hydrox- 
ides, were obtained as definite well-marked solid 
bodies by boiling off the water from the solutions 
in question. Now as the characteristic properties 
of alkali belonged to aqueous solutions of the me- 
tallic oxides under consideration it was better to 


m 

apply the name alkali to the hydroxides rather 
than to the oxides of certain metals. The com- 
position of alkalis is represented by the formula 
MOH, vhere M “Li, Na, K, Rb, Cs, or the com- 
pound radicle NH 4 ; each of these compoundSi 
excent NH 4 OH, is known as a definite solid body. 
An aqueous' solution of ammonia, NH 3 , reacts 
towards vegetable colouring-matters, towards 
acids^ towards solutions of the salts of iron, cop- 
per, bismuth, tin, and many other heavy metals, 
in a manner very similar to that in which aque- 
ous solutions of the five alkaline hydroxides, 
MOH, react towards these classes of substances. 
The salts formed by the action of acids on the 
hydroxides in question are generally isomorphous 
with, and in other properties similar to, the salts 
formed by the action of the same acids on an 
aqueous solution of ammonia. For these and a 
few other reasons the composition of an aqueous 
solution of ammonia, NH 3 , is supposed to be 
similar to that of aqueous solutions of the solid 
alkalis; but the compositions of the latter solu- 
tions are reprf^ented by the symbols LiOlfAq, 
NaOHAq, &c., therefore the composition of the 
former solution is represented by the symbol 
NH^OHAq. As we have hydroxides of the metals 
lithium, sodium, potassium, <fec., so we have a 
hydroxide of the compound radicle ammonium 
(NHJ; the former hydroxides are stable solid 
bodies, the latter exists only in aqueous solu- 
tion (v. Ammonium compounds, vol. i. p.200). The 
hydroxides MOjH^ where M is Mg, Ca, Sr, or Ba, 
all more or less resemble the alkalis ; these hy- 
droxides are white solids, which require for solu- 
tion much larger relative quantities of water 
than are needed to dissolve equal masses of the 
alkalis, but which thus produce solutions capable 
of neutralising acids without effervescence, of 
changing vegetable colouring-matter in the same 
way as solutions of the alkalis, of precipitating 
oxides or hydrated oxides of many heavy metals 
from solutions of the salts of these metals, of 
corroding organic fibres to some extent, of sapo- 
nifying fats, and of quickly combining with car- 
bonic acid to produce carbonates. As all the 
alkalis and the four compounds of Mg, Ca, Sr, 
and Ba, just mentioned are compounds each of 
oxygen, hydrogen, and a metal, and as many 
other metallic hydroxides, e.g^sCuO^Hj, FeDeHg, 
&c. &o., do not efhibit alkaline properties, it 
seems probable that the alkaline qualities of the 
hydroxides of Li, Na, K, Rb, Cs, Mg, Ca, Sr, and 
Ba, are to be associated with the properties of 
the metals, Li, Na, K, . . . Ba. 

Thus in our attempts to classify oxides we are 
obliged to have regard, first, to the properties of 
alkalis, and then to the properties of the elements 
of which these alkalis are composed.^ What, 

' ’ then, are the properties of the metals Li, Na, K, 
Rb, Cs, Mg, Ca, Sr, and Ba? 

The metals Li, Na, K, Rb, and Cs, are silver- 
white solids, wiih low melting-points, and very 
small specific gravities (Li, Na, and K, being 
lighter than water); the metals are extremely 
easily oxidised, the process of oxidation being 
attended with production of much heat; they 
rapidly decompose cold water with evolution of 
half the hydrogen of the water decomposed and 
production of hydroxides MOH which remain in 
solution ; during this process much heat is pro^ 
duoed. The metals easily and rapidly combine 
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with the halogens and with sulphur; they are 
electro-positive to all other metals, and the most 
electro-positive metal of the group is that with 
the largest atomic weight (Cs). The composi- 
tions of the chief compounds of these metals 
are represented by the symbols M.^0, MOH, 
M.,S. MSH, MX (X = C1, Br, I, F, CN),^M.SO„ 
MHSO„ MNO,, M.CO*, MHCOg, &o., where 
M = Li, N a, K, Rb, or Cs. These compounds are for 
the most part white and easily soluble in water; 
many of them are not chemically changed by the 
action of heat alone ; all compounds of similar 
composition, e.g, all M^SO^ or all MCI, are as a 
rule isomorplioiis ; the sulphates M.^SO^ form 
alums by combination with sulphates of the 
composition where M = Fe, Al, Cr, In, or 

Ga. The properties of the hydroxides MOH have 
already been detailed. 

The metals Ca, Sr, and are whitish- 
yellow solids, the melting-points of which have 
xiot been accurately determined, but are some- 
where about a red heat ; the specific gravities 
of these metals are represented by small values, 
which are, however, decidedly greater than those 
that represent the specific gravities of the 
metals Li . . . to Cs ; these metals are harder 
than the alkali metals, but, compared with the 
group of metals as a whole, they are soft ; they 
quickly oxidise in air or oxygen, and decompose 
cold water with production of much heat, evolu- 
tion of half the hydrogen of the water decom- 
posed, and formation of solutions of the hydrox- 
ides In the cases of Li ... Cs one atom 

of metal reacts with one molecule of water evolv- 
ing one atom of hydrogen, in the cases of Ca 
. . . Ba one atom of metal reacts with two mole- 
cules of water evolving two atoms of hydrogen ; 
the metals, so far as exact experiment goes, seem 
to combine easily and rapidly with the halogens 
and with sulphur ; they are electro-negative to 
the metals Li . . . Cs, but po.sitive to all other 
metals. The compositions of the chief com- 
pounds of these metals are represented by the 
symbols MO, MO,H„ MS. MS.H., MX, (X = C1, 
Br, I, F, CN), MS*0^, M2NO3, MCO3, Ac., where 
M = Ca, Sr, or Ba. Most of these compounds are 
white ; the oxides and hydroxides are not very 
soluble, the sulphates and carbonates are nearly 
insoluble, the chlorides and nitrates are easily 
soluble, in water ; the hydroxides, nitrates, and 
carbonates are decomposed by the action of heat 
alone ; almost all similar compounds are isomor- 
phous ; the sulphates do not form alums, nor do 
the compounds gerlferally exhibit any marlced 
tendency to form double or basic salts. The 
roperties of the hydroxides have already been 
etailed. 

The metal magnesium is a silver- white solid, 
the Melting-point of which is about 600^-700^ 
(not accurately determined), and the specific 
gravity is a little greater than thal< of calcium ; 
the metal is much more malleable and ductile 
than Li . . . Cs or Ca . . . Ba ; it is scarcely oxid- 
ised by exposure to air or oxygen at ordinary 
temperatures, but when rapid oxidation is begun 
by heating the metal in air or oxygen it proceeds' 
with production of much heat and light. Mag- 
fiesinm decomposes water at 100° very slowly 
with formation of MgOjjHj; it does not act ohemi- 
cally on cold water ; it does tiot combine with the 
halogens or with sulphur at ordinary tempera- 


tures. The compositions of the chief oontpounds 
of this metal are represented by the symbols 
MgO, MgOM^} MgS, MgX, (X = Cl, Br, I, F, CN), 
MgSO^, Mg2NOa, MgCOj, Ac. Most of the com- 
pounds are white ; the oxide and hydroxide are 
only very slightly soluble in water; the oxide 
combines with water to form MgO^H,, but much 
less heat is produced during this process than 
when CaO, SrO, or BaO, combines with water to 
form the hydroxide. The hydroxide is easily de- 
composed by heat alone into oxide and water ; 
the sulphate, rtitrate, and halpid salts are easily 
soluble in water, the carbonate is nearly insoluble 
in water ; many compounds of magnesium salts 
with those of the alkali metals, Ac., are known ; 
some of the magnesium compounds are isomor- 
phous with the similar compounds of Ca, Sr, and 
Ba, but the isomorphism of the two series of salts 
is very far from being complete. (For more de- 
tails of the properties of the three classes of 
metals v. Alkalis, metals oe the, vol. i, p. W.4; 
Alkaline eaeths, metals of vol. i. p. 112 ; 
and Magnesium metals.) 

These facts concerning the metals whose 
hydroxides are the alkalis, and concerning those 
whose hydroxides more nearly approach the 
alkalis than do the hydroxides of any other ele- 
ments, show that the property of forming an 
alkaline hydroxide is accompanied by the follow- 
ing properties on the part of an element : low 
specific gravity, not very high melting-point, 
small malleability and ductility, softness, occu- 
pation of a very positive position in the electrical 
seiies of elements, power of rapidly decomposing 
water with evolution of part of the hydrogen 
thereof, power of forming salts which are not 
easily decomposed by heat alone, and many of 
which are easily soluble in water, great readiness 
to combine with oxygen and with the halogens. 
Of all the metals whose properties we have con- 
sidered in detail, magnesium differs most from 
the ideal alkali-forming metal ; bukthe hydrox- 
ide of magnesium is decidedly less markedly 
alkaline than the liydroxido of any other metal 
in the two groups from Li to Sr. 

When a given element exhibits a fair num- 
ber of the properties given above as charac- 
teristic of the alkali -for ruing elements we may 
conclude that the hydroxide of that element 
will be more or less alkaline in its properties. 
There is a certain element characterised by 
the following properties : specifio gravity large 
(11*9), melting-point moderately low (290°), very 
soft, malleability and ductility moderate, oxid- 
ises rather rapidly in air but action soon stops 
because of formation of film of oxide, burns 
rapidly tin qxygen at about 300°, does not de- 
compose water until a red-heat is reached ; less 
positive than zinc, which is again less positive 
than Ca, Sr, 6r Ba ; combines refidily with the 
halogens and with sulphur; most of the salts 
of this metal are white and ea^ly soluble in 
water, some of them are isomorphous with, and 
of similar composition to, salts of potassium. 
In many respects then this metal approaches 
the ideal alkali-formihg element ; but in others, 
notably its high specific gravity and oompara- 
tively negative position in the eleotrioal series, it 
departs from the alkali-forming type. We should 
expect the oxide and hydroxide of this metal to 
present fairly close resemblances to the corre- 
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gponding compounds of the lithium group of 
nietals, but at the same time to show consider- 
able differences from these comfounds. As a 
matter of fact, the metal forms two oxides and 
two hydroxides; one pair of these compounds 
shows close analogies with the corresponding 
compounds of the alkali metals ; the other pair 
shows fairly marked analogies with the corre- 
sponding compounds of aluminium. The metal 
in question, which is thallium, belongs to two 
groups of elements ; it forms an alkaline oxide 
and hydroxide TLO and TIOH? and another 
oxide and hydroxide Tl.P;, and TIO.OH. 

Having thus learnt something regarding the 
properties and compositions of alkalis, let us 
turn to the Becond*group of compounds which it 
is necessary to consider before we can complete 
the classification of oxides ; let us briefly consi- 
der the group of acids. The name oxygen per- 
petuates the Lavoisierian conception of the com- 
position of acids : this element was for Lavoisier 
emphatically the ^cid-producer. The products 
of the combustion in oxygen of sulphur, phos- 
phorus, carbon, boron, nitrogen, selenion, and a 
few other elements, dissolve in water to form so- 
lutions which have ‘ acid reactions,’ that is to 
say, have a sour taste, corrode organic fibres, 
change the tint of many vegetable colouring- 
matters, neutralise alkalis with production of 
salts and water, and dissolve many metals with 
evolution of gas (generally hydrogen). By re- 
moving water from these solutions, at least one 
definite compound can in most cases be ob- 
tained, composed of the element which had been 
burnt in oxygen, combined with oxygen and hy- 
drogen ; when this compound is again dissolved 
in water the original acid liquid is reproduced. 
Very many other compounds are known which 
form aqueous solutions characterised by acidic 
reactions as above enumerated; most of these 
compounds are composed of oxygen, hydrogen, 
and a third element. On the other hand, very 
many compounds formed by the union of oxygen, 
hydrogen, and a third element do not form acidic 
solutions when dissolved in water ; and, finally, 
a few compounds are known, aqueous solutions 
of which are most definitely acidic, but which do 
not themselves contain oxygen. Oxygen is there- 
fore not the solo acid-producing element ; but 
the fact remains that by far the greater number 
of acids are composed of oxygon united with 
other elements. 

Patting into one class all those compounds 
which dissolve in water with formation of solu- 
tions having acidic properties, as these have 
been already enumerated, and then tabulating 
the composition of these compounds, it becomes 
evident that thoy are all^oompounds of hydrogen 
with one or more other elements. Hydrogen 
then, rather fhan oxygen, would leem to be the 
acid-producing element. But further examina- 
tion of the c(topounds of hydrogen shows that 
very many of these are not possessed of any of 
the characteristics of acids. 

Is it possible then to trace any definite con- 
nexion between the composition of compounds 
. and the possession or non-possession by them 
of acidic properties? In attempting to answer 
this question we are confronted with the great 
difficulty of chemical classification. We cannot 
define the class acids, just as we could not de- 


fine the class alkalis : an ideal acid or alkali 
may be defined, but it is necessary to place in 
one or other of these classes many bodies which 
possess some of the properties of the ideal type, 
but in other properties diverge more or less 
widely from that type. Chemical classification, 
based l>n the notion of connecting properties 
with composition, is at best a typical classifica- 
tion, and such a system cannot be regarded as 
final in an exact science. The mark of a class 
should be some property or circumstance, or 
conjunction of these, which is clear and definite, 
and which belongs to all the members of the 
class and to no other bodies. But we cannot 
predicate any one property of acids which is 
perfectly clear and definite, and the possession 
or non-possession of which shall determine 
whether a specified compound is or is not to be 
admitted to this class. The reaction which 
occurs between an acid and a metallic hydroxide, 
or hydrated oxide, more nearly approaches to a 
good class characteristic than any other single 
property of acids. The products of the action in 
question are wat^r and a compound formed of 
the metal of the hydroxide employed, and the 
elements of the acid excepting the whole or a 
part of the hydrogen ; such a compound is called 
a salt. The following equations, representing 
the distribution of the elements of the reacting 
compounds before and after the mutual actions 
of various acids and metallic hydroxides, will 
illustrate, more clearly than can be done in 
words, the characteristic reaction of an acid 
(the symbol Aq is used to denote that the com- 
pound which it follows is dissolved in water) 

1. HClAq NaOHAq = NaClAq -I- HoOAq. 

2. HNOsAq -I- TlOHAq = TlNO^Aq + H.OAq. 

8. H .SO^Aq -f KOHAq = KHSO.Aq + H OAq. 

4. H^SO^Aq -h 2K0HAq - K .SO,Aq -f- 2H ,OAq. 

6. H .SO,Aq -h CuOA = CuSO Aq + 2H,OAq. 

6. 2H,020 Aq + PbO,H, = Pb(H,C20j)2 + 2HjOAq. 

7. HjOjOAq + NaOHAq - NaH,0,j0Aq + HjOAq. 

8. H,PO Aq + TlOHAq = T1H.,P0 Aq + H.OAq. 

9. 2H3POAq + FePeHa “ 2FePO, + 6H OAq. 

10. H,OjO Aq + CaO,H Aq » Ca0,0, + 2HjOAq. 

An acid, then, may be provisionally defined 
as a compound of hydrogen with another ele- 
ment, or other elements, which, when dissolved 
in water, reacts with^etallio hydroxides to pro- 
duce water and a salt ; a salt being a compound 
formed by the union of the elements of the acid, 
excepting the whole or a part of the hydrogen, 
with the metal of the metaMio hydroxide. This 
definition is more commonly put into the shorter 
form, an acid is a compound containing replace- 
able hydrogen; but unless a definite meaning is 
I given to the expression replaceable hydrogen, 
tiio definition of acid means nothing : the mean- 
ing of the words replaceable hydrogen is given 
in the longer definition of acid stated above. ^ It 
is found that mosi compounds which are acids, 
in accordance with the provisional definition we • 
have adopted, when dissolved in water form more 
or less corrosive liquids, which affect vegetable 
•colouring matters, have a sour taste, and dis- 
solve many metals with formation of salts and 
evolution of gas, which is usually hydrogen. But, 
on the other hand, some compounds which are 
possessed of many of the properties just detailed 
do not react with metallic hydroxides to form 
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Halts ; and, further, some compounds which are 
not possessed of any of the properties detailed 
do react with metallic hydroxides to form salts 
(v. Acids, vol. i. p. 47). 

Looking at the composition of compounds 
which undoubtedly come under the dehnition of 
acid, and which at the same time are*charao- 
terised by the other four properties enumerated, 
we find that the elements, or some of the ele- 
ments, which by their union with hydrogen form 
the acid, are strongly negative in character ; in 
other words, the element or elements other than 
hydrogen more or less resemble oxygen in their 
general chemical characteristics. As a whole, 
the elements which are classed as non-metallic 
are those which by union with hydrogen, and 
generally with hydrogen and oxygen, produce 
acids. When an acid is a compound of a metal 
united with hydrogen and an(kher element or 
elements, for no binary metallic compound is 
acidic, that other element is always very nega- 
tive. The following list exhibits most of the 
well-marked metallic acids wjjiioh have been ob- 
tained in approximate purity: — 


Acids containing metals. 


HjAsO^ 

H2SnO, 

H2SnS, 

HAsO, 

— 



H^AsjO, 

(?H2PbO.) 

(?H 3 AsS 4 ) 

HaSbO, 

H.CrO, 

H,Fe(CN)4 

H,SbO, 

— 

H3Fe(CN). 

HSbO, 

(?H2Mn203) 

(fee. 


— 

(?H.,PtCl,) 

H.SbjO, 

HjMoOi 

(?HAuBr4) 

— 

— 

(?HAuCl4) 

HVO, 

H2WO4 


h,va 

H2UO4 



/?H2M20, ) 

where Mo,W, 


V?H2M,0.,r 

or U. 

'?H2TiOA 

— 


,?H,Ti 04 ^ 

HjPtOj 



The element which is generally combined with 
hydrogen and a metal in these acids is oxygen : 
in a few acids sulphur, in (?) three acids chlorine 
or bromine, and in a few acids the negative group 
CN is combined with hjidrogen and a metal. 
It is also to be remarked that the metals which 
form well-marked acids by onion with oxygen 
and hydrogen are those which, compared with 
the majority of the%ietal 8 , are negative. 

The general conclusion to bo drawn from the 
facts now reviewed concerning the connexions 
between the properties and the composition of 
acids is, that those compounds which are de- 
cide^y acidic in properties, as the term acidic pio- 
perties has been defined, are formed by the union 
of hydrogen with one or more decidedly negative 
elements. Acids are seen to be strongly con- 
trasted with alkalis, both in properties and com- 
position. 

Oxides were divided (t;.p.l98) into three groups : 
alkali-forming, acid-forming, and salt-formingj 
oxides. We can now understand in a general way 
what is meant by an alkali-forming oxide, or by 
an acid-forming oxide; it remains to consider 
the meaning of the term salt-forming as applied 
CO oxides. At the outset, let us remark that a 


salt-forming oxide may also be acid-formiKg^ 
and that an alkali-forming oxide also is salt- 
forming. Ini considering the meaning of the 
term salt-forming oxide, it will therefore be 
necessary to study those typical compounds 
which j>03S08S the property in question to a 
marked extent. A salt has been already stated 
to be one of the products of the mutual ac- 
tion of an acid and a metalUo hydroxide or 
hydrated oxide, and to be composed of the 
elements of the acid, excepting the whole or 
part of the l^drogen, united with the metal of 
the metallic hydroxide. A is impossible to 
generalise the properties of salts ; many of them 
are soluble in water, some are insoluble; aqueous 
solutions of many exhibit addio reactions, aque- 
ous solutions of others exhibit alkaline reactions, 
and aqueous solutions of very many are neutral, 
i.e. exert no corroding action on organic fibres, 
have no sour or soap-like taste, do not afiect 
vegetable colouring-matter, do not saponifjHfats, 
do not dissolve metals, or jpact with metallic 
hydroxides, &c. We must be content to look at 
the composition and the conditions of formation 
of salts. The composition of salts, regarding 
them as derivatives of acids, has already been 
stated. But salts are formed in other ways ; 
they are sometimes produced by the mutual action 
of an acid-forming oxide and an oxide containing 
much oxygen, called a peroxide — e.g. BaOj + SO, 
•^BaSO,; sometimes by the action of a salt- 
forming oxide on an aqueous solution of another 
oxide from which an acid has not actually been 
obtained, thus Kp + COjAq = KsCOjAq ; some- 
times by fusing together a metallic and a non- 
metallic oxide, e.g. CaO + SiO, = CaSiO, ; some- 
times by dissolving the sulphide of a less positive 
metal in a solution of the sulphide of a very 
positive metal, thus A 82 S 3 + K 2 SAq = 2 KA.sS 2 Aq, 
or WS,-fKjSAq = K 2 W 8 ,Aq; and sometimes in 
other ways. The products of such actions as 
these are called salts, either beci'.use they can 
also be directly obtained by the mutual actions 
of acids and metallic hydroxides, or because they 
are composed of positive elements (metals) com- 
bined with negative elements, of which oxygen 
is usually one, and which negative elements are 
known to form acids by union with hydrogen, 
although the special acid of which any one of 
these specified salts is theoretically a metallic 
derivative may not have been prepared. All 
oxides are in a sense salt-forming ; an alkaline 
oxide reacts with water to form an alkali, and 
the alkali reacts with an acid to form a salt ; an 
anhydride reacts with water to form an acid, 
and by the mutual action of this acid and an 
alkali a sal^ is produced. But placing on either 
side those oxides which have been already 
classed as alkali-forming, and those which have 
been classed* as acid-forming, tSere remain a 
great many oxides which are emphatically salt- 
forming oxides. As a class, thase oxides form 
salts by reacting either with acids or with solu- 
tion of oxides which act as if they contained 
acids, although no acid may actually be obtained 
when the dissolving Vater is removed, or, lastly, 
by reaoting in the liquid state (not in solution) 
with the oxides of non-metals or of the more 
negative metals ; examples of these three types 
of action are exhibitea by the following pro- 
cesses ; — 
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(1) CuO + H uS04A(j “* GuSOiAc} + HjOA^i I 
2) BaO + OOjAq-BaCO, + Aq, 

(3) KjO + Ta205(fused) = 2KTaO^ ' 

Borne salt-fonning oxides also produce salts, 
either by dissolving in concentrated solutions 
of alkalis, or by combining with alkalis when 
melted in contact with them; thus freshly 
ppd. aluminium oxide dissolves in solution of 
acids to form salts, and also in a concentrated 
aqueous solution of potash to form a salt ; the 
two actions may be represented thus : 

(1) ALOj + GHClAq - Al,Cl«Aq +^H,OAq, 

(2) AlA+2K0HAq = Al, 04 KjAq + H,0. 
Again, moist SnO.^ dissolves in concentrated 
aqueous potash to form a solution of potassium 
stannate K^SnO^, biA the same oxide dissolves 
in hydrochloric acid to form stannic chloride, 
SnCl4; inasmuch as the acid HBnO„ of which 
Sn02 is the anhydride, is known, we have in 
stannic oxide, SnOj, an example of a compound 
whioH is at once an acid-forming and a salt- 
forming oxide. Ti^ oxide Mn02 dissolves in 
molten KOH to form the salt potassium man- 
ganate, K2Mn04 ; the same oxide, when produced 
in a concentrated solution of lime, combines 
with the lime to form a series of salts, of which 
CaMnO, may be taken as a representative ; and, 
lastly, the same oxide, when hydrated, dissolves 
in strong sulphuric acid to form a sulphate of 
manganese Mn02-2S03. Thi^ oxide, MnO^, thus 
exhibits some of the properties of two of the 
three classes into which wo have divided 
oxides. 

We began by proposing to arrange oxides in 
three classes in accordance with certain promi. 
nent reactions of these oxides ; that we might 
attach to the reactions in question such definite 
meanings as should sullice for olassificatory 
purposes, we were obliged to consider the mean- 
ing of the terms which summarise the reactions 
and composition of three other groups of com- 
pounds -acidsf alkalis, and salts; that we might 
grasp the significance of these terms, wo had to 
turn from compounds to elements, and roughly 
to classify these in accordance with their acid- 
forming or alkali-forming functions; but we 
found all this scheme of classification to be 
based at once on the composition and the 
functions of the bodies classified, and the word 
function we were obliged to interpret as implying 
the notion of mutual action and reaction between 
at least two kinds of matter. We arrived at no 
perfectly clear definition of any one of the 
classes of compounds under examination ; we 
did succeed in conceiving the properties and 
the composition of a typical acid-forming, alkali- 
forming, and salt-forming, oxide ; buj; when we 
applied this conception, gained, it is to be re- 
marked, from the study of actual acid-, alkali-, 
andsalt-forminf oxides, to individuaf compounds, 
we found that very few of these exhibited all 
the characterisfles which we had laid down as 
marking off the typical acid-forming from the 
typical alkali-forming, or both from the typical 
salt-forming, oxide. 

Looking back for a momiffit at the classifica- 
tion of oxides, and considering what it implies, 
one thing stands clearly out, namely, that this 
classification of oxides carries in itself a classi- 
fication of elements. Those elements which 
form markodl) alkaline oxides fall into one 


m 

class, those which form oxides which are dis- 
tinctly anhydrides fall into a second class, and 
a third class includes those elements the best- 
marked oxides of which are neither alkali- 
forming nor acid-forming, but salt-forming. Or, 
putting the matter in even more general terms, 
the classification of oxides suggests a means of 
classifying the elements. Let us put into one 
class all the elements which, under similar con- 
ditions, form compounds similar in composition 
and function. Let us then examine the elements 
in a class with the view of finding whether they 
do or do not exhibit similarities in physical 
properties. If the result is fairly successful, 
let us examine more closely into the composition 
of the compounds belonging to specified classes, 
and endeavour to learn something of the struc- 
ture of these compounds in the light which is 
thrown on strnctyre by the molecular and atomic 
theory. Finally, let the knowledge which may 
thus be gained of structure react on that pre- 
viously amassed concerning function, that by 
the help of both some advance may be made in 
finding a solution for the fundamental problem 
of chemistry, which is, to trace the connexions 
between changes of composition and changes of 
properties in homogeneous kinds of matter. 

Instead of following the course of this inves- 
tigation step by step, it will be more advantageous 
to begin with the leading principle, which has 
been gained after much laborious inquiry. In 
tho article Atomic and moleculau weights a 
sketch was given of the periodic law. Tho 
substance of that sketch it would be nee.llcss to 
repeat here ; let us rather apply it to the point 
in hand, namely, the classification of the ele- 
ments, remembering always that a good classifi- 
cation of elements implies and carries with it a 
good classification of compounds also. 

The classification founded on the periodic 
law arranges the elements in groups and series 
{v. vol. i. p. 351) ; the members of the same 
group more or less closely resemble each other; 
the properties of the members of a series vary 
from member to member so that the last, that is 
the element with the largest atomic weight, is 
more unlike the first than any other member of 
the series. Fjach series to some extent repeats the 
characteristics of that which precedes it. The 
jiropeitics of an indiv^ual element are chiefly 
conditioned by (1) the group, (2) the series, to 
which it belongs, (3) its position in the group 
and in the scries, (4) its relations to elements 
situated similarly to itself in*other groups and 
scries, and (5) the relations of the group and of 
the series to other groups and series. As regards 
thecharacteristicsof individual groups and series, 
and the relations between various groups and 
series, it should bo remarked, (1) that each group 
18 made up of elements belonging to even series 
and elements belonging to odd series; (2) that 
an odd and an even feries together comprise 14 
elements, and that in tho cases of series 4 and 6, 
6 and 7, and 10 and 11, there is a group of three 
elements (Group VIII.) forming what is called 
by Mendolejefl a ‘transition-period’ frop the 
even to the odd series; (3) that there is cer- 
tainly no such ‘transition-period’ connecting 
series 2 and 3, but that very probably such 
a period of three elements will be discovered 
between series B and 9 ; (4) that the elements in 
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the even series, or in the odd series, of any group 
are more like one another than elements in the 
even are like those in the odd series ; (6) that, 
omitting series 2 and 3, the passage from an even 
to an odd series is accomplished by a gradual 
change of properties, but the passage from an odd 
to an even series by a more sudden Schange of 
properties; (6) that the distinctly non-metallio 
elements occur in odd series, except in tlie 
case of series 2; (7) that, omitting series 2, 
easily gasified organo-met^lic compounds, so 
far as data go at present, are formed only by 
elements -which occur in odd series ; (8) that 
the properties of hydrogen are so marked, and 
are typical of such diverse elements, that it is 
placed in a series [series 1] by itself ; (9) that 
all the members of series 2 (LitoFJ, and at least 
the first member of series 3 [Na], are to a great 
extent marked by peculiar properties, and that 
the^ relations of these elements to those in 
series 4, and in the case of sodium to series 5, 
are rather markedly different from the normal 
relations of an odd series to^the next odd scries, 
or of an even series to the next even series. 
The elements Li to Na have been called by Mcn- 
delejeff ‘ typical elements.’ The following table 
(copied ^th a few changes from one given by 
Mendelejeff) exhibits the arrangement of the ele- 
ments in groups and in odd and even series (at. 
wts. in round numbers) : — 


The even series elements in this group are be* 
ryllitffn, calcium, strontium, and barium. The 
three metals, Ca, Sr, and Ba, are yellowish -white, 
rather soft, solids, with comparatively small 
specific gravities ; their characteristic properties 
have already been detailed in the present article 
(y. p. 200). The metal beryllium differs con* 
siderably from the other even series members of 
the group; unlike these metals, it cannot be ob- 
tained by electrolysing the chloride ; the method 
by which beryllium is obtained is very similar 
to that whereby magnesium is prepared, viz. by 
heating the chloride with metallic sodium. Be- 
ryllium appears to be a silver-white, hard, solid ; 
its specific gravity is small (approximately 1-7), 
melting-point high, not accurately determined, 
but certainly above 600° ; the specific heat of 
this metal increases rapidly as temperature rises, 
and approaches a constant value between 400° 
and 600°. The spectrum of beryllium more nearly 
resembles that of lithium than of any otlCer ele- 
ment, in the number, relative position, and inten- 
sity, of the lines ; but the character of the lines 
of greatest intensity in the beryllium-spectrum 
closely resembles that of two pairs of lines in 
the spectrum of calcium. This metal does not 
oxidise in air at ordinary temperatures, and even 
when heated in oxygen it is only superficially 
oxidised ; it combines with chlorine and iodine 
only at high temperatures; when heated with 
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3 

0=12 

Ti=48 
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Ce=l40 
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N=14 
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l' 

0=16 

Or =62 

Mo=96 
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Se=79 

Te= 126 
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As regards the mutual relations of groups and 
series, it should be further remarked that, calling 
the even series members of a group a family, and 
the odd series xfiembers a family, in groups 1 
and 7 the family-character is more marked than 
the group-character, in groups 3, 4, and 6 the 
group-character preponderates over the family- 
character, and ingroups 2 and 6 the two charac- 
ters are about balanced, so that these two gasups 
present, perhaps, the best examples for the de- 
tailed study of the application ^^of the periodic 
law to the classification of- elements. Group II. 
lontains the following elements: — 

Group II. 

Even scries : 

2 4 6 8 

Be-9 Ca-40 Sr«87 Ba*»137 

Odd series : 

8 5 7 9 11 j 

Mg = 24 Zn«C6 Cd = 112 — Hg«200 


I sulphur, no sulphide of beryllium is formed ; it 
j very readily combines with silicon. Beryllium 
does not decompose water even at a red heat ; it 
dissolves in an aqueous solution of potash with 
formation of beryllium oxide and evolution of 
hydrogen; it is easily soluble in dilute hydro- 
chloric or sulphuric acid, but has little or no 
action on nitric acid> The compositions of the 
salts of beryllium are represented by the same 
formulas a^ express those of th9 salts of Ca, Sr, 
and Ba ; the oxide BeO does not combine with 
water, but the hydroxide, BeG,]^, can be pre- 
pared indirectly; this hydroxide is easily decom- 
posed by heat alone, it resembles the hydroxides of 
zinc and of aluminium in being soluble both in 
acids and in aqueous potash, it combines with 
carbon dioxide to produce BeCOj; the oxide 
cryst^lises in the same (hexagonal! form as 
aluminium oxide ; under certain conditions zinc 
oxide can also be obtained in this form ; beryl- 
lium oxide usually occurs in combination with 
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ilnmina and silica, as beryl. Most of the salts 
>f beryllium are white; the nitrate, sulphate, 
md chloride are soluble, the carbonate and phos- 
)hate are insoluble, in water. Beryllium sul- 
)hate does not form an alum, but does combine 
with potassium sulphate to form a double salt 
laving the composition BeS 04 .K^S 04 . 2 H 20 : the 
jhloride does not form double salts with the 
ilkali chlorides ; the carbonate is fairly stable 
lowards heat, but easily forms basic, ana also 
louble, salts ; the sulphate, which also readily 
iroduces basic salts, is completely •decomposed 
nto oxide and oxide of sulphur by the action of 
leat alone. The chloride and bromide of beryl- 
ium have been gasified ; an ethide, Be(C.^H.,)^, 

,8 known ; it is a fuming liquid which takes fire 
when gently warmed in air. 

The odd series members of the group we are 
jonsidering are magnesium, zinc, cadmium, and 
mercury. The properties of the metal magne- 
jium 4iave already been stated in this article 
[v. p. 200) ; of the Remaining metals, zinc and 
cadmium are very similar, while mercury differs 
In many respects from any other member of 
the group. Zinc and cadmium occur together 
In minerals, chiefly as sulphides ; both are ob- 
tained by deoxidising the oxides by hot carbon ; 
both are heavy, moderately hard, tin-white 
solids (S.G, Zn = 7*2, S.G. Cd 8-6); both melt 
at fairV tight teraperatuies (M.P. Zn = 420'^, 
M.P. Cd = 320‘^), and both can be volatilised at 
temperatures somewhat under 1000°. Cadmium 
is ductile and malleable, the ductility and mal- 
leability of zinc vary considerably with varia- 
tions of temperature ; both are easily soluble in 
the ordinary mineral acids, zinc dissolves in 
concentrated warm aqueous solutions of potash 
or soda, with evolution of hydrogen and produc- 
tion of an unstable zincate of the alkali metal 
(xZnO.j/MjO); both are nearly unacted on by air 
or oxygen at ordinary temperatures, but are 
rapidly burnt to oxides when heated in oxygen ; 
both ceadily combine with the halogens and with 
sulphur. The formulas which represent the com- 
positions of the chief compounds of Be, Ca, Sr, 
Ba, and Mg, also represent those of the chief 
compounds of Zn and Cd ; almost all similar 
salts of Zn and Cd are isomorphous. The 
oxides, MO, do not combine with water to fora 
hydroxides ; the hydroxides, MO^Hj, are quite 
insoluble in water, and are readily decomposed 
by heat alone into oxides and water ; ZnOjHj is 
soluble, CdOjHj is insoluble, in aqueous potash. 
The cbdoride, sulphate, and nitrate of either 
metal is soluble, the phosphate and carbonate 
are nearly, if not altogether, insoluble, in water; 
these salts show great readiness to fora double 
salts, especially with the alkali metals and with 
ammonia, and also to form basic salts, but the 
zinc salts are ilfore reedy to undergo the latter 
changes than the salts of cadmium. Mercury 
differs from all ^ther metals in being liquid at 
temperatures above —39°. This metal occurs 
chiefly as sulphide, from which it may be ob- 
tained by heating with iron, and in other ways ; 
it is a silver-white, heavy liquid (S.G. about 
13;6) ; it boils at 860°, and is very easily vola- 
tilised ; it is unacted on by oxygen until a tem- 
perature near 360° is reached, when it slowly 
combines with oxygen to form HgO. Mercury 
readily combines with the halogens and with 


sulphur ; it is without action on water ; dilute 
nitric acid quickly dissolves mercury, and it is 
also soluble in hot concentrated sulphuric acid, 
but neither boiling hydrochloric, nor boiling 
dilute sulphuric, acid acts upon it. Mercury 
forms two series of salts, mercurous salts repre- 
sented bf HgjO, HgjCl*, Hg-^SO*, HgNO„ &q., 
and mercuric salts represented by HgO, HgCl^ 
HgSO^, Hg2NO„ &c.; the latter, as a class, are 
more soluble in water, end are much more stable, 
than the former. No hydroxides of mercury are 
known ; HgO is said to be very slightly soluble 
in water, and also in molten potash. The salts of 
mercury, especially the mercuric salts, form a 
great many double compounds, chiefly with the 
salts of the alkali metals ; they also readily form 
many basic salts ; a very large number of com- 
pounds of mercury salts with ammonia, and de- 
rivatives of ammpnia, is known. 

The following data present some of the 
measurements which have been made (chiefly 
by Thomsen) of the quantities of heat produced 
during similar changes undergone by the ele- 
ments, or by compounds of the elements, in the 
group we are now considering : — ^ 


M [M.Ol*,Aq] [M.Br'.Aq] [M,I*,Aq] [M:,0,N*0*Aq] [M,0] 
Ca 187,600 166,800 136,300 177,160 130,930 

Sr 195,700 173,800 143,400 185,410 128,440 

Ba 196,300 174,400 144,000 187,000 124,240 

Mg 186,900 165,000 134,600 176,480 146,000 

Zn 112,800 90,900 60,600 102,610 85,400 

- “ 44,000 86,000 

37,070 
47,990 


Cd 96,300 74,400 
Hg 63,200* 41,480* 24,300* 
Hgj 62,600* 60,950* 28,400* 


65,600 

30,670 

42,200 


M 

Zn 

Cd 

Hg 


[M,Cy‘,2KOyAq] 

62,230 

44,750 

27,780 


So far as these data warrant us in drawing 
general conclusions, it appears that the quantity 
of heat produced during the occurrence of a 
similar chemical change increases as the atomic 
weight of the metal increases in the cases of 
even series members of Group II., but that the 
quantity of heat produced decreases as the atomic 
weight of the metals in odd series of the group 
increases. Further, it seems that the increase 
in the even series members is much less for* 
equal increments of atomic weights than the de- 
crease in the odd series members. And lastly it 
is seen that the value for magnesium, which is 
the first odd series member of the group, is gene- 
rally nearly the same as ^alue for calcium, 
which is the first even series member for which 
thermal data have been observed. Unfortunately 
hardly any thermal measurements have yet been 
made for compounds of beryllium ; the follow- 

•*The square bracket denotes that the thermal value of 
the chemical change which occurs between the bo(Ues 
within the bracks^; is measured ; the means that 

chemical action occurs bAween the homes the symbols of 
which are separated by this comma ; the symbols of ele- 
ments and compounds are to be read in g^s ; the flj^rM 
represent gram-units of heat produced ; the symbol Aq ii 
used to denote so large a mass of water th^ a.n Inorewk 
in* this mass would not affect the thermal value of tM 
change. Thus [Ca,Cr,Aq3» 187,600 means that 187,600 
gram^inits of beat are produced when 40 grams of ^oium 
and 71 grams of chlorine combine, In presenoe of maoh 

water, to produce 111 grams of calcium Chloride. 

• These figures represent the heats of formation of 
solid HgCl, Hg,01, HgBr, Hg,Br„HgI* and HgJE.te- 
spectlvely. 
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ing numbere, taken from Thomsen’s work, show 
that the heat of neutralisation of beryllium 
hydroxide is very much less than that of the 
other even series members of the group, or of 
magnesium, and approaches the values for 
lino, cadmium, and mercury : — 


Q 

[Q,2HClAq] 

BeO^Hj 

16,100 

CaO.,H, 

27,900 

SrOjHa 

27.630 

BaOjHj 

27,780 

MgO,H, 

27,690 

ZnO,H, 

19,880 

CdO.,Hj 

20,290 

HgO 

18,920 


Looking at these thermal measurements as a 
whole it is clear that, thermally consideretl, mag- 
nesium is very analogous to th(j, three metals Ca, 
Sr, and Ba ; that the three metals Zn, Cd, and 
Hg form a second class, marked off from the 
Mg...Ba class; and that, if one may draw any 
conclusions from the meagre data, beryllium 
seems to belong to the zinc father than to tlie 
magnesium class. A consideration of the ther- 
mal values of the reactions of the metals in 
Group II. with acids shows that mercury is 
more widely separated from the other members 
of the group than these other members are from 
one another. Thus, take the values of the 
differences (1) between the heats of formation of 
the chlorides of the metals and that of gaseous 
hydrochloric acid, and (2) between the heats of 
formation of aqueous solutions of the nitrates of 
the metals and that of aqueous nitric acid ; 
these differences give comparative representa- 
tions of the quantities of heat produced, or which 
disappear, when equivalent masses of the metals 
react (1) with the same (equivalent) mass of 
gaseous hydrochloric acid, and (2) with the same 
(equivalent) mass of nitric acid dissolved m 
much water : — 


U 

Ca 

Sr 

Ba 

Mg 

Zn 

Cd 

Hg. 

Hg 




125,820 

Ca 

140,560 

Sr 

160,740 

Ba 

107,010 

Mg 

53,210 

Zn 

49,240 

Cd 

18,600 

Hg, 

9,200 

Hg 


[M,0.N^O*Aq]-[N»O»,Aq] 

117,520 

125,770 

127,380 

116,840 

42,870 

26,300 

— 11,650 (used) 

— 22,570 (used) 


As a general rule, such thermal data as are 
given here and elsewhere in this article repre- 
sent differences befween the quantities of energy 
degraded from more chemically available to less 
chemically available forms, during similar reac- 
tions. Of two systems producible from the 
same initial system, that one will bo the more 
stable the production of which is attended w¥th 
the running down of the greater quantity of 
energy. It is most important rto trace con- 
nexions between the compositions of chemical 
systems and the quantities of energy degraded 
during the production of these systems; but 
such therm^ data as are given hero can only 
be regarded as affording bases for very rough 
comparisons of the stabilities of the various 
systems produced by the different chemical 
operations formulated (v. further EquiLiBBiuAf, 
OBxuzoAL ; and Physical hbthods). 

Furtto data on which comparisons of tha , 


compounds ol the elements in Group II. may be 
based are furnished by (1) the melting-pointo, 
and (2) the do-called speoiffo volumes, of similar 
compounds. The speoifto volume of a compound 
is defined as the quotient obtained by dividing 
the formula-weight by the specific gravity of 
the solid compound ; it represents the volume, 
in cubic centimetres, occupied by the mass of 
the solid compound, in grams, represented by 
the formula of the compound. The difference 
between the specific volume of a binary com- 
pound and that of one of thr elements contained 
in one formula-weight of the compound may be 
taken as representing the specific volume of the 
other element in one formula-weight of the com- 
pound ; these differences afford useful data for 
comparing similar compounds of elements in the 
same or different groups : — 


Melting-points of chlorides and bromides (approx.). 


BeCl^ 600° 
CaClj 720 
SrCl, 825 
BaClj 800 
MgCla 700 
ZnClj 260 
CdCl, 540 
HgClj 280 


BeBr^ 600° v 
pCaBr^ 080 
SrBr, 630 
BaBrj 810 
MgBr, 700 
ZnBrj 400 
CdBr^ 570 
HgBr^ 240 


Bpec. vols. of sol id oxides MO. 

round dlftor- 
Qumbers cuocs 


BeO 

CaO 

SrO 

BaO 

MgO 

ZnO 

CdO 

HgO 


8 

18 

22 * • • * 
28 • • • • 

12 

u-**- 
16 * • * • 
19 * * • • 


10 

4 

6 

2 

2 

8 


Spec, vol.s. of MO-spec. vols. of M. 
(= hypothetical spec. vols. of 0 in MO) 

In BeO -1-2-7 
„ CaO -7*2 
„ SrO -12-9 
„ BaO -8-6 
„ MgO -1-8 
„ ZnO -f5*l 
„ CdO + 6*0 
„ HgO +4*7 


As regards the meltir j-points of chlorides 
and bromides, we see that the five metals Be, 
Ca, Sr, Ba, and Mg, are closely related to each 
other, while the three remaining metals of tha 
group, viz. Zn, Cd, and Hg, form a class by them- 
selves. As regards the specific volumes of oxides, 
we notice that the values increase from BeO to 
BaO, then fall to MgO, and again increase from 
MgO to HgQ_; the great differer^e between the 
value for GaO and that for BeO (10), and the 
smaller difference between the v^ue for BeO and 
MgO (4), suggest that BeO is more allied to the 

group MgO HgO than to the group CaO, 

SrO, BaO. An analogy between BeO and the 
oxides of Zn, Od, and Hg, is also pointed to by 
the value for the specific volume of 0 in the 
oxides MO. 

Finally, let us tabulate the differences be- 
tween the values of the atomic weights of pairs 
of Gonseoutive metals in the group w« are oon^ 
sidering : — 
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207 




. Ca-Be 
^ven tertes 

Ba-Sr 

137-87 


Sr-Oa 

87-40 


}.47 


,, . Zn--Mg 

Odd senes e5_24 i 


■ 81 


.60i?^^48-6, 


U2-66}“^^ 

47+60+41+47 + 44 _ 

5 


Omitting the difference Ca-Be, it is ^een that the 
difference between tl»e atomic weights of a pair 
of consecutive elements approaches the value 45 ; 
and that the difference is rather larger in the 
cases of the elemen^ belonging to even series 
than in those of elements belonging to odd series. 
Bat the difference Ca-Be is only 31: in this 
respect beryllium stands marked off from the 
other elements of the group. If the differences 
between the values of the atomic weights of the 
first and second even series members of Groups I. 
to VII. are tabulate#, it is found that this differ- 
ence varies from 32 (K— Li) to 36 (Mn — F), and 
has a mean value of 34 ; but 84 is considerably 
less than 46, which is about the mean difference 
between any two elements (omitting the elements 
from Li to Na) in the same group and in con- 
secutive even, or consecutive odd, series. 

Looking back at the properties of the ele- 
ments in Group II., it appears that beryllium is 
distinctly marked off from the other elements of 
the group ; that calcium, strontium, and barium 
arc more closely related to each other than they 
are related to any other elements of the group ; 
that the relations between zinc and cadmium are 
most marked; and that m(3rcury is to some ex- 
tent separated from the other members of the 
group. Beryllium approaches magnesium in the 
method of its preparation ; in its high melting- 
point; in the unreadiness with which it oxidises ; 
in the ease with which its hydroxide is decom- 
posed by hcat;*in the solubility of its sulphate ; 
in th^ specific volume of its oxide ; and in some 
other properties. Beryllium approaches calcium, 
among other respects, in the nature of its spec- 
trum; and in the readiness with which its 
hydroxide combines with carbon dioxide. In 
the melting-point of its chloride and bromide, 
beryllium approaches the three metals calcium, 
strontium, and barium. The analogies between 
beryllium and zinc are marked by the following 
among other properties : action on water ; solu- 
bility in aqueous potash ; crystalline form of the 
oxides. The solubility of beryllium sulphate in 
water ; the readiness with which basic salts, and 
also double salts, of beryllium are produced ; the 
existence of gasifiable chloride, bromide, ethide, 
and propide, of beryllium ; Ihe specific volume of 
oxygen in berj^ium oxide; and the thermal 
value of the neutralisaoion, by aqueous hydro- 
chloric acid, of beryllium hydroxide; these pro- 
perties indicate the analogy between beryllium 
and the three odd series members of the group, 
zinc, cadmium, and mercury. Calcium, stron- 
tium, and barium certainly stand by themselves ; 
but in the specific volume of the oxygen in its 
oxide, and more especially in the thermal values 
of similar reactions, the odd series metal mag- 
nesinm is closely related to these three even 
series metals* Mercury is marked off from the 


other elements of the group by the fact that it 
forms two series of s^ts, and by the thermal 
values of the reactions between it and hydro- 
chloric and nitric acids; but in the general 
character of its persalts, in the melting-points 
of its chloride and bromide, in the specific volume 
of its oxi^e and of the oxygon therein, mercury 
is clearly related to zinc and cadmium; and in 
the solubility of its oxide in molten potash, the 
relationship of mercury more especially to zinc 
and beryllium is rendered evident. An element 
has yet to be discovered which shall have an 
atomic weight equal to about 158, and which 
shall form a link between cadmium and zinc on 
one side and mercury on the other. 

Putting together all we have learned of the 
elements and the compounds of the elements in 
Group II., we see that the group contains certain 
sub-groups or families, but that the special 
characteristics of’these families are balanced by 
the strength of the group-character which im- 
presses itself on all the members of the group. 

Group VI, comprises the following ele- 
ments : — » 

Uven series 

2 4 6 8 10 12 

0 = 16 Cr-62 Mo=96 — W-184 U = 240 

Odd series 

3 6 7 9 11 

8 = 32 Se = 79 Te = 126 — — 

We have here two families : the even series 
members 0, Or, Mo, W, and U; and the odd 
series members S, Be, and Te. But in many 
respects the first member of the even series 
family, oxygen, more resembles the odd series 
family than it resembles the other members of 
its own family. There is a distinct line of sepa- 
ration between oxygen on one side and Or, Mq, 
W, and U on the other side. The four members 
of the even series family Or ... . U may be 
divided into two sub-families. Or and Mo, and 
W and U ; but there are well-marked analogies 
between Or and U on the one hand, and between 
Mo and W on the other hand. Finally, some of 
the members of the even series family, besides 
oxygen, show very distinct relations to members 
of the odd series family ; e,g. Or and S, and U 
and Te, are more or less closely related. 

Let us consider these relationships very 
briefly. The compositions of the binary com- 
pounds of 0, S, Se, and Te, emphasise the rela- 
tions between the four elements: we have MHj, 
MOL, MK,, MCa, M(CnH,,+,) 2 #feo., where M = 0, 
S, Se, or Te. The properties of these compounds 
are also very similar. No hydrides of the other 
even series members (Or . . , . U) are known, the 
best-marked chlorides of these elements are not 
MCL, nor do these elements form compounds 
with K, Ca, or the radicles CnHjn+i- There is a 
less-marked gap between the physical properties 
of 0 on one lAnd, |>nd S, Se, and Te on the 
other, than between the former element and Or, 
Mo, W, and U: thus, the melting-points of 8, 
Se, and Te all lie under 660®, whereas Or, Mo, 
and W, are scarcely fusible at the highest at- 
tainable temperatures, and U melts only at a 
full red heat. The specific gravities also of 8 
and Se are less than 6, whereas the values of 

this quantity for Or U vary from 6-7 (Or) 

to 19 (W). The specific gravity of Te is about 
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6*2. The elements S, Se, and Te, are distinotly 
non*metallio and negative; their oxides are acid* 
forming ; these elements do not replace the hy- 
drogen of acids with formation of salts; in these 
resects they approach closely to oxygen, which 
is tne typical non-metallic acid-forming element. 
Tellnriom, however, is to some extent separated 
from selenion and snlphur ; it is a white, brittle 
solid; its haloid compounds are much more 
stable than those of S or Se ; its oxides are not 
strongly acid-forming; the acids HjTeO, and 
HjTeOi are easily separated into water and 
anhydride, they are only slightly soluble in 
water, and are feeble acids (this statement may 
be made although the relative affinities of these 
acids have not yet been determined). Thomsen’s 
measurements of the relative affinities of sul- 
phnric and selenio acids (H^SO^ and H.^SeO^), 
and the confirmation of these results by Ostwald’s 
study of the electrical conducti^ties of aqueous 
solutions of these acids with varying masses of 
water (v. Affinity, vol. i. pp. 75, 81, 83), show 
that these two acids are most closely related in 
their powers of combining with bases. The heat 
of formation of aqueous solutions of tho oxides 
MO,, however, point to a closer relation between 
Se and Te on one hand, than between either of 
these elements and S on the other hand : thus, 
142,410 when M = S 
[M,0*,Aq]- 76,660 „ M = Se 

98.380 „ M = Te. 

Notwithstanding these resemblances we must 
admit that oxygen is distinctly cut off from tho 
other members of the group, whether they be 
even series, or odd series, elements. Thus the 
thermal values of the formation of hydrides re- 
veal a great gap between 0 and S : [H*, 0] 
« 68,360, but S]= 4,740 (unfortunately 
values for [H*, Se] and [H-', Te] have not yet 
been determined). Oxygen, lihe beryllium in 
Group II., is a so-called ‘ typical ’ element ; the 
relations of this element to the odd series family 
of its group— 8, Se, and Te— are not unlike the 
relations of the typical Be to the members of its 
group which belong to odd aeries— Mg, Zn, Cd. 


salts, for the most part isomorphous with simi* 
lar sulphates and manganates. The oxides of 
Mo can scarcely be classed as salt-forming, 
although MoU, is said to dissolve in acids with- 
out evolution of oxygen ; MoO, is the anhydride 
of an acid H^MoO,; two classes of chromium 
salts exist, chromous salts represented by 
CrS 047 H 20 , and the more stable chromic salts 
represented by Cr^SSO,, Cr^GNOa, <fcc. ; hydrated 
oxides of the composition MOajHaO, both of Cr 
and Mo, seem to exist, but they are easily oxi- 
dised to con^pounds of the form MjCsajH^O. 
Tho relations of W to U arer» similar to those of 
Mo to Gr; few, if any, distinct salts are known 
obtained by the replacement of the hydrogen of 
acids by W, but U forms two well-marked series 
of salts, represented by USO, and UOjSO, ro- 
spectively ; the oxides WO, and UO, are both 
anhydrides of acids H^W(U)0.. The oxide WO, 
resembles MoO, in that it dissolves in acids 
without evolution of oxygen; WO, and MoO, 
also form double compounds with various ^hy- 
drides, e.g. with P^O^, SO,, The salt-form- 
ing character of the oxides of the family Cr, 
Mo, W, U, decreases from Cr to Mo, and again 
increases from W to U, but at the same time 
the extremes of the family (Cr and U) produce 
more distinctly marked acid-forming oxides 
(MO,) than either of the means (Mo and W). 
Finally, the highest members of the odd and 
even series of Group VI., Te and U, are, on the 
whole, more positive (although U produces a 
well-marked acid-forming oxide) than the other 
members of either family ; and the first member 
of the even family, viz. Or (excepting oxygen, 
which belongs both to the odd and the even 
families), shows fairly marked analogies with 
the first member of the odd family, viz. S. 

Summing up tho characteristics of Group VI., 
and comparing them with those of Group II., we 
see that the fonner group, as a whole, is non- 
metallic; its members are comparatively nega- 
tive, and their best-marked oxides, as a class, 
are acid-forming ; but we find in it two famines, 
one of which, Cr . . . U, is more metallic and 


Oxygen is distinctly cutoff from the even family I salt-forming, and the other, S . . . Te, is more 
Cr . . . . U by its physical properties; by the ! non-metallic and acid-forming. Similarly we 
composition of compounds with the same ele- j find in Group II. two fanulies, one more dis- 
ments, e.y.OCU, OjCl.CrCl,, MOCl,, WClj, UCl, ; ; tinctly metallic than the other; but, on the other 
by the properties of manj^ of these compounds, ' hand, tho whole character of Group II. is me- 
6.g, OClj boils at -18'^, MOCl, and WCljmelt ' tallic, and the oxides of tho members of the 
between 200^ and 300°, the heat of formation of ' group are salt-forming. In each group we have 


OClj has a large negative value, tho heats of found a ‘ typical ’ element : in Group VI. oxygen, 
formation of chlofides of the other elements in Group II. beryllium ; the properties of this 
have not been determined, but from established element to some extent summarise tho properties 


analogies there can be no doubt that tho numbers 
representing these heats of formation have large 
positive values ; further the elements Cr, Mo, 
W, U, act both as acid-formi^aud salt-forming | 
elements, whereas oxygen is in the most marked 
way the typical acid-forming element. 

The even family Gr . . .^. U may be broadly i 
divided into two sub-families, Cr and Mo, and 
W and U. Thus the specific gravities of Cr and 
Mo are, respectively, 6*7 and 8*5, of W and U 19 
and 18*5 ; the specific volumes (i.e. atomic 
weight-f-S.O. of solid) are 7'7 and 11-3, and 9*7 
and 12 * 9 * Some of the oxides of chromium, e.g. 
Cr,0„ are distinctly salt-forming, but CrO, is the 
anhydride of a well-marked acid, H^CrO,, from 
which is derived a large series of well-marked 


of all the members of the group. Tho difference 
I between the value of the atomic weight of oxygen 
and th-at of the next even series member of 
Group VI., viz. Cr, is 3^6 ; tho dilferenco between 
the atomic weight of beryllium p.nd that of the 
next even senes member of Group II., viz. Ca, 
is 31 ; the mean difference between any two con- 
secutive even or odd members oi either group is 
about 45 ; oxygen perhaps rather more closely 
approaches the properties of the odd family of 
its group than bervilium approaches tho pro- 
perties of the family of Group II. the members 
of which belong to odd series. 

Let ns now turn for a moment to those groups 
in which the family-character preponderates over 
the group-character, Groups I. and VII., and to 
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those in which the gronp-oharaoter is much more 
marked than the family-oharaoter, Groups 111., 
IV., and V. * 

Group I. 

Slvm Series — 

2 4 6 8 

Li=.7 K-89 Bb = 86 Cs-lSS 

Odd Series— 

8 5 7 9 11 

Na = 23 0u-63 Ag = 108 — Au=.197 
The very marked similarity between Li, Na, 
K, Rb, and Cs, botlf as regards the metals them- 
selves and their compounds, quite overshadows 
the much more feebly marked similarities which 
exist between Cu, Agi and Au. But the thermal 
values of the reactions between lithium and 
water, between Li and 0, Li and Cl, or Li and 
Br in presence of water, &o., the comparative 
insolubility of LiOH, LijCO,, LijPO,, the non- 
forn^tion of an alum containing Li, the non- 
formatton of double salts containing LiCl, the 
comparatively lesf ready oxidation of Li, and 
some other properties, show that lithium is to 
some extent separated from the metals Na . . . Cs. 
The properties of those salts of copper of 
which the chloride CujCl, is a representative, 
exhibit some analogies with those of the com- 
pounds of lithium. Silver approaches the even 
family of Group I. in the composition of all its 
well-marked salts, in the distinct alkalinity of 
its oxide, and in the fact that silver sulphate 
forms an alum. Although gold is distinctly 
marked off from the other members of the group, 
yet in the softness of the metal, in the facts 
that compounds of the form MjjO are known, 
that the auric haloid compounds very easily 
form double salts with the haloid compounds of 
Na . . . Os, that AujO and AuB are sol. in 
water, and in a few other respects, this metal 
exhibits some analogies with the even family 
of the group ^nd with sodium. 

§froup Vn. 

Even Series— 

2 4 

F«19 Mn°66 

Odd Series — 

8 6 7 

CU35-5 Br = 80 1 = 127 

Here the family-character of the odd series 
members impresses itself on the whole group ; 
fluorine exhibits deflnite relations to the odd 
family, but the two facts that it forms no com- j 
pounds with oxygen, and that its compounds 
with hydrogen and the alkali metals exhibit the 
greatest readiness to form double salts, suffice 
to out it ofl to some extent from 01, Br, and 
I. The heat of neutralisation of HF is consider- 
ably larger th*n the heat of neiAralisation of 
HOI or HBr; [HMAq, NaOHAq] - 18,740 when 
M-01 or Br, kut -16,260 when M»F, but 
the relative affinity of HF is very small ; it is 
approximately equal to 6 when that of HCl « 100, 
and that of HBr - 95 or so. The thermal values 
of some similar reactions oi Cl, Br, and 1, show 
that these elements are not so closely related to 
each other as a consideration of the outstanding 
chemical pr^erties of their compounds would 
lead one t^suppose; thus, [H, Cl] -22,000 ; 
IH, Br] » 8,040 ; [H, H - - 6,040 (absorbed). The 
Voii. XL 


differences between the properties of perchlorio 
and periodic acids also emphasise the dififerences 
between chlorine and iodine. The isomor- 
phism of permanganates and perchlorates, the 
markedly acid-forming character of MnO,, and 
the existence of permanganic acid, establish a 
connection, feeble though it be, between man- 
ganese and the other members of Group VIL 
In studying the relations of the members of this 
group it should not be forgotten that no repre- 
sentative of series 6, 8, 9, 10, 11, 12 or 18, is at 
present known. 

Group HI. 

Even Series — 

2 4 6 8 1C 

B = ll So-44 Y-89 La = 139 Yb-lf8 

Odd Series— 

3 6 7 9 11 

Al-27 G6-69 In = 114 — Tl-=204 

The group-character is here impressed on 
all the elements ; A1 and Ga form a family to 
which In is allied ^and T1 shows analogies in one 
class of compounds ; So is not without analogies 
to A1 and Ga, it is also distinctly related to B ; 
of the other metals too little is known to enable 
us clearly to see their analogies. The last mem- 
ber of the group, thallium, astonishes us by the 
marked way in which in the thallous salts 
(Tip, TipO„ (fee.) it approaches the even series 
members of Group I., viz. Li . . . Cs. The 
typical element, boron, while showing analogies 
with all the other members of the grouj), and 
with other elements, e.g. with C and Si, is yet 
different from any of them ; it is a good repre- 
sentative of the want of family likeness between 
the even series members or the odd series men^- 
bors of this group, and at the same time of the 
distinctly group character which is impressed on 
all the elements in the group. 

Group IV. 

Even Series— 

2 4 6 8 10 12 

C-12 Ti = 28 Zr = U0 Ce = 140 — Th-232 

Odd Series — 

3 5 7 9 11 

Si = 28 Ge = 72 Sn-118 — Pb-207 

Here again the even series members do not 
form a family marked off from the odd series 
members. Certain minor families are, it is true, 
to be found in the group, but on the whole the 
group-character much preponderates. Carbon 
stands by itself ; it is marked off from all other 
elements by the immense number and com- 
plexity of the compounds which it forms with 
H, 0, N, S, and the halogens. Most nearly re- 
la^d to carbon we have the first odd seri^ 
member of the group, silicon ; the silico-organic 
compounds, the existence of allotropio varieties 
of siucon, the Telations between the specific heat 
of silicon and temperature, the therm^ values 
of similar reactions of carbon and silicon, ex- 
hibit the analogy between these elements (u. 
Cabbon oboup of elements). The physical 
properties of Ti and Zr, the stability, and acid- 
forming character, of their oxides M 02 « the 
volatility of their chlorides Md^, the iso- 
morphism of some titanates and ziroonates with 
silicates, these points emphasise the conneotiOQii 
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between Ti, Zr, Si, and 0 . Bat the formation 
of the Bolphate Ti(S04^ of various salts of 
airoonium, e.g. Zr(S04)j, &{N0,)4, &o., show that 
these elements incline also towards Ge and Th 
which follow them in the even series, and to- 
wards Sn and Pb which belong to odd series of 
the satne group. Cerium forms salts analogous 
to those of zirconium, e,g. 06(804)2, but its most 
marked compounds are represented by the per- 
oxide CeO,. Thorium again approaches more 
closely to Ti and Zr than Oe does; the existence 
of ThO*, Th{S04)2, KjThPj, ThF4, marks this 
analogy. Tin and lead resemble each other 
physically more than they resemble other 
mmnkers of the group ; they exhibit the group- 
clia^ter in their oxides MO and MO,, in their 
chlondes (or ethides) MCI,, in their salts E^MOt; 
tin further exhibits this character in its stannic 
salts Sn(S04)2, 8n(N0,)4, <S:o. ; but each of these 
elements produces compounds which have no 
analogies among those of the other members of 
tile group. 

Group V. o 

Even 8erie»~- 

2 4 6 8 10 

N-14 V = 61 Nb = 94 Di-144 Ta-182 

Odd Series^ 

8 5 7 9 11 

P-31 As=76 Sb = 120Er = 166 Bi=208 

The group-character is so impressed upon the 
whole of these elements that we may almost say 
there are no families ; and yet the group falls 
into two subdivisions, each of which nearly re- 
peats the characteristics of the other. From N 
to Ta we pass from a most markedly non- 
metallio, acid-forming, element to an element 
which, on the whole, is more metallio than 
non-metallio ; from P to Bi we repeat the same 
gradation, ozily here the starting-point is an 
element rather less negative in its functions than 
nitrogen, and the last member of the series is 
decidedly more positive than tantalum. The 
less prominently acid -forming character of 

M iojfus as compared with that of nitrogen 
br^d, among other ways, by the relative 
affinities of nitric and phosphoric acids; the 
former being taken as 100, the latter is approxi- 
mately equal to 20. The b|ilanceof metallio and 
non-met^o properties m tantalum is well 
shewn by the action of acids on aqueous solu- 
tiems ol potassium tantalate. Acids whose rela- 
tive afl&^ty is large, e.g. sulphuric or hydro- 
chlorio acids ^afidnity - (approx.) 70 and 100), 
decompose this salt and pp. tantalic acid 
(BEgTaO,) in combination with a portion of the 
acid used; acids with a smaller affinity, e.g. 
salphurous acid (affinity not determined, b{it, 
from Ostwald’s electrical experiments, it must 
be considerably less than completely 

pp. pure tantalic acid; acids wim yet smaller 
affinities, e.g. (affinity about 20), pp. po- 

tassium tantalate ; and, lastly, acids with very 
small affinities, €.g. acetic or succinic acid (affi- 
nities 6 and 7 respectively), cause no pp. when 
added to solutionsof potassium tantalate. That 
the last member of the odd series family, viz. 
bismuth, fs more metallio thaft the last member 
of the even series family, viz. tantalum, is 
shown by the fact that in its well-established 


oompouMs bismuth is positive to the other ele»' 
ments with which it is combined, and that if 
hydrated bisputhio oxide, B^OsaiHiO, acts as 
an acid it forms salts which can scarcely be 
obtained in definite form, and which are cer- 
tainly at least partly decomposed by the action 
of hot water. 

We have thus endeavoured to draw the out- 
lines of a scheme of classification of the elements 
and their compounds based on the comparison 
of those wliich are similar in physical and 
chemical properties, and by similar chemical 
properties we have implied sksiilarity of function 
and similarity of composition. It yet remains, 
however, to examine somewhat more closely into 
the composition of the compounds classified, 
with the view of finding whe^er anything can 
be learnt of the structure of these bodies in the 
sense which is given to the word structure by 
the molecular and atomic theory. The composi- 
tions of the highest oxides, and of some 0^ the 
other compounds of the elements, appeai*to vary 
periodically with variations iif the atomic weights 
of the elements. If B represent the mass of an 
element expressed by its atomic weight, and if 
X represent the masses of F, Ol, Br, or I, ex- 
pressed by the respective atomic weights of these 
elements, or the masses of the groups OH, KO„ 
ClOj, &c., expressed by these formulas, or the 
masses of the elements or groups of elements 
expressed by halves of the formulas 0, S, SO^, 
Gr04, <feo., then we may say that the compositions 
of the oxides 

BjO, BO, B3O,, BO2, BjOj, 
are expressed by the symbols 

BX, BXj, BX„ BX4, BXj. 

We may also say that the compositions of the 

B2SO4; B(N0,)2; B{NO,)„ BOCl, B2(S04)„ 
BONO,; BOCl,, 
are expressed by the symbols 

BX ; BX,; BX„ BX„ BX„ KX,; BX,. 

In this way it becomes possible to give general 
expressions for the forms of the highest stable 
oxides characteristic of each group, and also for 
the forms of the highest well-marked salts of the 
elements of each group. It is generally found 
that the greater the value of X in the oxide- 
form the smaller is the value of X in the salt- 
form. The following symbols are given by 
Brauner {Site. W. [Malh.-naturwiss. Claase]^ 84, 
1166):— 


Groups . 

. I. 

II. 

m. 

IV. 

Oxide forms 

. BX 

BX, 

BX, 

BX4 

Salt forms 

. BX, 

BX, 

BX, 

EX, 

Groups . 

. V. 

VI. 

VII. 

vin. 

Oxide forms 


BX, 

BX, 

BX, 

Salt forms 

. bX, 

BX, 

BX 

BjX 


The characteristic oxides of most of the ele- 
ments belonging to Group I., Li ... . Au, are 
represented by the general symbol B2O ; putting 

X - the ratio of metal to 0 in these oxides 

2 

is expressed bv the symbol BX. Similarly the 
composition of the characteristic oxides of the 
elements of Group II., Be ... . Hg, is repre- 
sented by BO; but, as 0-^, the symbol BX| 
expresses the same composition as the symbol 
BO. The salt-forms, B^ .... BX, are inter- 
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preted in the iame way as the oxide-forms. Group V. has assigned tp it the oxide form BX, 
Thus Na forms a hydrated hydroxide of the and the salt form BX, ; the oxides .... 
compositionNa.OH.8H(OHJ; now,ifX-iH»OH, BijO* certainly belong to the form RX^; the 
this compound belongs to tne general form RX^; salts NP2(OH), P02(0H), Ac., belong to the form 
gimilarly, the salt SjClj (Group VI.) belongs to RX, ; bi^t the salts PO(OH)3, Sb203(0H)^, &c., 
the general form RX. These symbols must be belong t<^the form RXj, and the saltBi20iH(0H) 
interpreted only in a wide and general way. to the form RXj. The symbols given must then 
For instance, tne highest oxide of a metal of be interpreted as representing the limits between 
Group I. is Kj 04, and this belongs to the form which the compositions of most of the com. 
RX4, but the most characteristic oxides (M2O) pounds of each group vary ; that with the 
of the majority of the metals of* this group greater value of X represents the composition 
belong to the form BX ; the most characteristic of the highest compounds, and that with the 
oxide of copper, however, is CuO, and of gold is smaller value of X represents the composition 
Au-P, ; these oxides belong, respectively, to the of the lowest compounds of the elements in, 
forms RXj and RX,.*But Ou and Au are classed any specified group. The expressions ‘ 8|lt.' 
both in Groups I. and VIII. ; the oxide form of forms ’ and ‘ oxide-forms * are not to be reoom- 
Group VIII. is RXj, and the salt form is R^X ; mended ; it would be better to summarise the 
but no well-marked oxide or salt of either Cu or facts of composition in some such way as 
Au belongs to either pf these forms. So again, this : — 

* limiting forms between which the composition of oomponnds varies. 

* Groups. 

L II. III. IV. V. VI. * VII. viri. 

RX,toRX RXgtoRX, RXjtoRXj RX^ RX^ to RX, RX, to RX, RX, to RX BX, to R^X 

In Groups I. to III. the lower form usually the form RX,. Concerning Group VIII., it is 
represents the composition of what may be called difficult to say which oxides of the members of 
the topical group oxides ; in Groups V. to VIII. this group are to be taken as the typical group 
the higher form usually represents the coraposi- oxides ; for Ni, Co, and Cu, one would bo inclined 
tion of the typical group oxides. The ‘ typical to adopt the oxides MO(RXj), for Fe and Au the 
group oxides ’ are not always the most stable oxides M203(RX,), for silver the oxide Ag..O(RX), 
oxides ; €.g. Bi20,(RXj) is less stable than and for Os and Ru the oxides M04(RX,). The 
BijO,(RX,) (Group V.), PbOj(RX4) is less stable compositions of these vary between the limiting 
than PbO(RXj) (Group IV.). Sometimes these forms RX, and BX; there is probably a sub- 
* typical group oxides ’ are scarcely known to oxide of silver (Ag^O) belonging to the form 
exist ; e.g. no oxide of the form RX, has certainly RjX. 

been obtained where R is an element of Group When we deal with compounds other than 
VII. ; but the composition of the highest, and oxides, the application of the limiting forms be- 
speaking broadly the most stable, acids (? acids comes yet more difficult. If the term salt be 
with largest affinities) of this group of acid- taken to mean (1) acids, in the cases of markedly 
forming elemerfts is represented by the symbol negative elements, or (2) metallic derivatives of 
HMO^ (where M = C1, 1, or Mn), and the hypo- acids, in the cases of markedly positive elements, 
thetioal anhydrides of these acids have the com- then the characteristic salts of the elements of 
position M,0„ that is, are represented by the Group I. are represented by Li^SO^, and they 
symbol RX,. Of the 11 elements which ought belong to the form RX ; the characteristic salts 
to find plstces in Group VII., only 6 are actually of Group II. are represented by BeSO^, and they 
known; when the remaining 6 have been p re- belong to the form RX,. Tabulating in this way 
pared and their compounds examined some of the characteristic salts and their general symboli 
them may be found to form oxides belonging to for the groups, we have*tho following result : — 


Groups 
Salt . 
Form . 

I. 

LijSO, 

RX 

II. III. IV. 

BeSO. Al^SSO,, B(On), COL, 811(80,), 

RX, RX, * RX, 


Group 

Salt . • 
Form « • 

V. 

N0,(0]^^Bi3N0,| 

Group 

Salt 

Form 

• 

• • « • 

•f . • • 

• VI. 


Group 

Salt . 
Form •• 

VII. 

Group 
Salt . 
Form • 

and 

VUI. 

•p..8SO,^ taO(OK) j 

YPtoiso,(dH), ptpci,, pto,aH(dH) 

^ . .1 
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1! ih« term salt is used to inolnde all oom- 
poimda of a given element, whether these be 
olaaaed aa double salts, basic salts, hydroxides, 
dKU, then it is easy to find representatives 
of most forms, intermediate between the limiting 
grou|^ forms, for the members of any group. 
For instance, salts higher than BX and up to 
BX, belonging to Group I. are represented by 
KI, (BX,), KAiuOl^ and KAuBr, (BXJ, and 
lila{OH).8H{OH) (B:y ; salts of the form BX, 
belon^g to Group UL are represented byBOCl,, 
AlBOl,, and AIEI, ; salts belonging to Group II., 
of the form BX^, are rejpresented by MgNaF, and 
BeKF„ and of the form BX, by BeK,F„ ZnE^F,, 
and BaO,H(OH). It has been sought to trace 
special imations between the forms of hydrides 
and hydrated oxides in each group ; thus, Men> 
delejeff gives the following symbols : — 


Jhem and other groups, or single atoms. Tha' 
way was thus prepared for regarding all chemical 
phenomena f!» essentially the results of mutual 
actions and reactions between elements or com- 
pounds, and for the conception of chemistry as 
the study, not so mnoh of this kind of homo- 
geneous matter, or that, as of the connections 
between the changes of composition and the 
changes of properties which these kinds of mat- 
ters exhibit when they mutually act and react 
under defined conditions. The conception of 
radicles wenf hand in hand with that of types. 
The meaning of a typical filassitication of ele- 
ments and compounds has been illustrated in 
the present article {v. also Badicles and Types). 
The most complete outcome of this method is 
the classification based upon the periodic law ; 
and the use of typical forms to express the com- 


Groups 

^Example . 

{ Hydrated oxide form 

ExampU • • 


I. 

H. 

III. 

BH, 

BH, 

BH, 1, 

EH, 0 , 

BH, 0 , • 

EH, 0 , 

NaOH. 3 HOH 

Ca(OH),2HOH 

AI2O35H2O 

2 


Oronpi 



rv. 

V. 

VI. 

BH, 

EH, 

BH, 

CH, 

PH, 

OH, 

BH, 0 , 

BH, 0 , 

BH, 0 , 

Si(OH), 

PO(OH), 

SO, (OH). 


VII. 
EH 
CIH 
BHO, 
CIO, (OH) 


The limiting forms of compounds which the 
periodic law supplies as ati aid in classifying 
elements and compounds are undoubtedly useful 
if employed with caution. The search for such 
limiting forma has always been carried on in 
chemistry. Dalton and Berzelius made it the 
main business of their lives, as chemists, to seek 
for fonnuliB which should express the maximum 
numbers of atoms of each element capable of 
combining together. Berzelius developed his all- 
embracing system of dualism on the conception 
that every compound is built up of two parts, 
themselves either simple or complex, one of 
which is electrically positive towards the other 
(v* Duaush). This conception at once led to 
that of radicles, or groups of atoms which re- 
main so closely united throughout various 
ohexnioal changes that the functions performed 
by them in these changes are, to all intents, 
the functions of single atoms. The conception 
of the radicle brought with it into chemistry a 
mode of reasoninf which has been of much im- 
portance in the advances made within recent 
years. The group of atoms named a radicle was 
not known, as a rule, except as it manifested 
itself in the reactions of compounds supposed to 
be formed by the union of the radicle with other 
radicles or with elements. The arguments for 
or against an explanation of a phemical occur- 
rence wherein ramcles vrete regarded as taking 
part were necessarilv based on experimental 
evidence which failed to bring into court the 
actual complex of atoms asserted to be an essen- 
tial part of the meobanisxn of the change. Che- 
mista became accustomed to think of certain 
collocations of atoms as necessary factors in this 
or that operation; but thsy attributed actual 
existence to these atomic groups onlv when 
mutual acUon and reaction was ooourring between 


positions of oxides, and other compounds, of each 
group of elements, is one of the points wherein 
the periodic law emphasises the continuity of 
chemical science. 

The great objection to the use of those typi- 
cal or limiting forms seems to be that they are 
based too exclusively on the notion of showing 
the composition of compounds, and that their 
employment tends to hide the importance of 
combining the study of composit jon with that of 
properties. The purely empirical compositions 
of the salts KAuCl, and NaOH.SHjO are cer- 
tainly represented by the symbols BX, and BX„ 
as illustrations of the existence of which forma 
in Group I. the salts in question are brought 
forward; but a comparison of the properties of 
these salts with those of such compounds as 
AUjO, and Na.p at once shows that there is a 
great difference between the two classes of com- 
pounds. The mere fact that platinum forms a 
compound which, by the dexterous use of symbols, 
may be represented as belonging to the type BX„ 
can be of little assistance in developing a ra- 
tional scheme of classification. One of the pla- 
tinum compounds of this type is PtGlSO,(OH} ; 
why should not this compound be used to prove 
that sulphur forms compounds of the type EX„ 
or that chlorine forms compouhds of the type 
KX,? Why is the compound BeK^F, 
BeF,. 2 EF) to be adduced as a^ example of the 
existence of compounds of the form BX, in 
Group II., and not as an example of the existence 
of compounds of the form BX, in Group I., or 
of the form BX in Group VII. ? If empirical 
composition is everything, it is only necessary to 
write this doable flnoride as K^eF„ to prove that 
it belongs to the (B,X,X, that is) BX, form of Gronp 
I. ; or as F^Xl to prove that it is an example 
of the (B,X^ that is) BX form in Group Vlf. 
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The history of the olassifioations whieh 
different times have been founded the notion 
of types conclusively proves that unless attention 
is constantly paid to the funotionsi as well as to 
the compositions, of the bodies classified, the 
systems do little to further chemical advance, 
and the conception on which they are founded 
is shorn of most of its value as a science-pro- 
ducing idea. It is most certainly true that the 
classification presented by the periodic law is 
based on the study at once of the compositions 
and the functions of the bodies classified ; it is 
this, indeed, which gives the method so marked 
an advantage over all others; but just because 
of this fact should we be ever on our guard 
against placing too much trust in any Single part 
of the method, unless that part is used in con- 
junction with the other parts, all of which 
together constitute the complete method. 

IJJie forms assigned to many salts, especially 
to the double and basic salts, almost wholly de- 
pend on the valufft given to the different ele- 
mentary atoms. Why do we begin by asserting 

thatX-F,Cl,Br, I,N0„C103, 

2 8 2 

Ac. ? How is the equivalency assumed to exist 
between these atoms and groups of atoms actually 
proved to exist? In writing the equations 

F=> Cll*=Br»NO,=»^~^‘, and in applying 

these to the study of typical forms of salts, we are 
making many far-reaching assumptions. The 
chief assumptions are two. In the first place, 
the molecular theory is carried over from gases 
and applied without modification to liquids and 
solids. In the second place the tentative hypo- 
theses which chemists have framed to help them 
to group together what they have learned from j 
the study of gaseous compounds regarding the 
equivalency of atoms are applied to solid and 
liquid compoiTnds. Both assumptions are made 
without acknowledging the great differences be- 
tween the phenomena on which a theory of the 
structure of liquids and solids must rest, and 
the phenomena from which the prevailing theory 
of the structure of gases has been developed. 
The very word molecule is defined only in terms 
of gaseous phenomena. It is the study of 
gaseous phenomena that has obliged chemists 
to recognise two orders of small particles, the 
molecule and the atom ; and it is from the study 
of the mutual actions of gases that a working 
hypothesis of the structure of molecules has been 
developed. In the article Atomic and molkcu- 
LAB WEIGHTS (vol. i.p. 349), an attempt has been 
made to show that the reacting chemical unit of 
a compound should at present be regarded as a 
collocation of ^itoms, vmioh, unden definite con- 
ditions, takes part in chemical changes as an 
individual exie^nce. Admitting the existence 
of such collooauons of atoms, it follows almost 
necessarily from every -daychemicalfacts thatthe 
groups h ave definite configurations, which remain 
nnchanged throughout congiderable changes of 
conditions; for all the facts of chemical change 
force us to regard most chemical properties as 
dependent on the relative arrangement, as well 
as on the nature and number, of the atoms which 
form the reacting units of compounds. There 
Vi few, if any, properties of bo^es which, like 


weight, are the sums of the properties of the 
Atoms, and, like the volumes occupied by gaseous 
compounds on the other hand, are dependent 
only on the state of combination of the atoms. 
But while we admit that the chemical proper- 
ties of ^quid and solid compounds are partly 
conditioned by the configuration of the atoms 
which constitute their reacting units, we cannot 
admit, on present evidence, that these configu- 
rations do not undergo considerable changes 
under the influence of other kinds of matter, 
or of physical agencies. We rather assert that 
what we know of these collocations of atoms 
(and what we know is as nothing compared 
with what we do not know) favours the view 
tliut their structure is easily changed, and that 
ill this respect they present gradations from 
those which are so chemically mobile as scarcely 
to be recognised hs definite chemical individuals, 
to those which are so chemically stable as 
almost to merit the name of molecules. If then 
we refuse to speculate regarding the structure 
of the atomic grc*ips which seem to form the 
reacting units of liquid and solid compounds ; 
and if, as a consequence of this, we also refuse 
to admit the validity of any arrangement of the 
atoms of solid and liquid compounds in order of 
strict equivalency— for equivalency means equal 
I value in exchange, and the chemical equiva- 
lency of atoms can only be known when we 
j know the functions performed by the various 
atoms in molecules of similar structure— can 
I we hope to learn anything definite regarding 
the equivalencies of the atoms which constitute 
the molecules of gaseous compounds ? 

The subject of the equivalency of atoms goes 
hand in hand with that of the structure of 
molecules. The subject is too large to be dis- 
cussed in an article on classification ; but it is 
necessary to sketch the outlines of it as sharply as 
possible. All gaseous molecules formed by the 
union of atoms of hydrogen, fluorine, cM^ne, 
bromine, and iodine are formed of two atoms ; 
the molecules in question are these: H,, Cl,, 
Br,, I„ HF, HCI, HBr, HI (at very high tern- 
peratures the molecule of iodine is mon- 
atomic). 

Those atoms which combine each with a 
single other atom to form a gaseous molecule 
are called monovalefft atoms ; the standard 
monovalent atoms are H, F, Cl, Br, and 1. If the 
gaseous molecules formed by the union of atoms 
of H, F, Cl, Br, or I, with otl^er atoms are tabu- 
lated, and the other atoms are then arranged in 
classes according as they are each found to 
combine with one, two, Ac. atoms of H, F, Cl, 
Br, or I, the following arrangement results (u. 
next page). The atoms in column I. are mono* 
vatent ; the atoms in column II. are called diva- 
lent, those in column III. trivalent, and so on. 
Atoms whose falendes are greater than one may 
be classed together as polyvalent. Of the SU 
elements (exclusive of the 5 standard mono- 
valent atoms) in these six columns, at least five 
•oour each in two columns, viz. Hg, In, P, tin, 
W (In probably occurs in three columns); the 
atoms of Ga, Cr, and Fe are probably also botii 
divalent and trivalent. 

The valency or equivalency (or quantivalenoe) 
of an elementary atom may be defined as the 
number whioh Hht 
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Uonovale&t F, Cl, Br, I. 


Atoms irhioh produce compound gaseous moleou|ps by union each with 


atom 


E, Bb, Cs, Hg, 
AK.Ti.(?In). 


( n. 

III. 

IV. 

V. 

1 

1 

three monovalent 

four monovalent 

five monovalent 

atoms 

atoms 

atoms 

atoms 

0, 8, Se, Te, 

B, N? P, As, 

0, Si, Ti, Ge, 
Zr, V, Sn, 

P, Nb,Ta, Mo, 

Be, Cd, Zn, 
Hg, Sn, Pb, 
Mn, In, (?Ga, 
Cr, Fe). 

Sb, Bi,In,Cr. 

W. 

Fe, Al, Ga. 

Th, U. 



VI. 

monovaUni 

atoms 

W. 


monovalent atoms (i.e. atoms of H, F, Cl, Br, or I) 
toith which the gwen atom is found to combine to 
form a gaseous molecule. When bismuth com- 
bines with chlorine to form bismuthous chloride, 
one atom of the metal combines with three 
atoms of the halogen, and the molecule Bid, is 
produced. When hydrogen*' combines with 
chlorine to form hydrochloric acid, one atom of 
hydrogen combines with one atom of the halo- 
gen and the molecule EOl is produced. As a 
single atom of Bi combines iwith three times as 
many atoms of chlorine as an atom of hydrogen 
oombines with, an atom of bismuth is said 
to be equivalent to three atoms of hydrogen. 
In the molecule formed by the union of atoms 
of H and Cl, viz. HCl, there must be direct mu- 
tual action and reaction between the two atoms ; 
in the molecule formed by the union of atoms 
of Bi and Cl, viz. Bid,, there may or may not 
be direct mutual action between the Bi atom 
and each of the Cl atoms. But the atom of 
chlorine is monovalent (i.e. combines with a 
single other atom to form a molecule), by defi- 
nition, and by reason of the facts on which the 
definition is based; the hypothesis most in 
keeping with the monovalency of the chlorine 
atom is that each atom of chlorine in the mole- 
otile BiCl, directly acts on, and is acted on by, 
the atom of bismuth. Similarly, because of the 
existence of the molecule SbCl„ the atom of Sb is 
said to be equivalent to three atoms of hydrogen ; 
and, further, one atom of Sb is said to be equi- 
valent to one atom of Bi. The conception of 
equivalency is here evidently that of equal value 
in exchange. One atom of Bi can be exchanged 
for one atom of Sb ; one atom of 0 can be ex- 
changed for one atom of Se ; one atom of G can 
be exchanged for one afiom of Si ; one atom of 
Mo can be exchanged for one atom of W ; and 
in each case the other parts of the molecules 
between which t^e exchange is effected remain 
unchanged. (The molecules in question are: 
Bid, and SbCl, ; OH, and SeH,; CCl, and SiCl,; 
MoCl, and Wd,.) The molecules concerned in 
the various transactions may be said, without 
patting too great a strain on the words, to have 
funilar fltmctures. But the notion of equivafency 
is carried further ; an atom of N cannot be ex- 
changed for an atom of {n, hxti the molecules 
NE[, and InCl, exist; assuming that 8 atoms 
of d are strictly equivalent to 8 atoms of H, 
it follows that an atom of N is equivalent to an 
atom of In. An atom of S cannot be exchanged 
for an atom of 0 in the molecule OCl, ; but the 
molecule SH, exists, therefore, on the assump- 
tion that H, is strictly equivalent to Cl,; it fol- 
lows that 8 is equivalent to 0. This conclusion 
is upheld by the direct exchange of 8 fox 0 in 
Ihe mftleealea 8H, and OH,. The omoeption of 


0 

equivalency is evidently stretched a little beyond 
its strict meaning when we say for instance 
that, because of the existence of the molecules 
OH, and TiCl,, an atom of Ti is equivalent to two 
atoms of 0. But notwithstanding this, the 
definition of the valency of an atom which has 
been given may be applied to considerations 
regarding the structure of molecules. So far as 
data go, we seem justified in widening fiiie de- 
finition of the valency of ancatom, and in assert- 
ing that this number expresses the maximum 
number of other atoms, be they monovalent or 
polyvalent, with which the given atom combines 
to form a gaseous molecule. Underlying the 
word combines is the conception of direct inter- 
action in the molecule. It is not necessary to 
venture on any hypothesis as to the states of 
motion of the atoms which form the molecule, or 
as to the nature of the mutual actions which 
occur between them ; it is only necessary to 
distinguish direct from indirect action. 

The prevailing notions regarding the structure 
of molecules are based on that of the valencies 
of atoms ; and this carries with it the conception 
of each atom being able to act on, and be acted 
on by, a limited number of other atoms. These 
conceptions are indicated more or less clearly 
in the ordinary notation. Thus the so-called 
H,=C— CrrH, 

structural formules (1) | and 

OH '' 

(2) H,^C— 0 — C^H, imply, that each carbon 
atom in either molecule acts directly on, and is 
directly acted upon by, 4 other atoms (the 0 atom 
is tctravalent), that each oxygen atom acts 
directly on, and is directly acted on by, 2 other 
atoms (the 0 atom is divalent), and that each 
hydrogen atom acts directly on, and is directly 
acted on by, a single other atom ( the H atom is 
monovalent). But the distribution of the inter- 
atomic reactions is represented as being different 
in each molecule. In the first, 6 atoms of E 
are represented as in direct union with {i,e. as 
directly interacting with) atoms of carbon ; the 
sixth atom of H is represented as in indirect 
union (through an ^tora of 0) with a carbon 
atom ; the ^tom of 0 is represented as in direct 
union with one carbon and one hydrogen atom. 
In the second molecule, all the H atoms are re- 
presented as in direct union mth C atoms, and 
there is also direct action and reaction between 
the atom of 0 and each C atom. These for- 
multe are arrived at after a careful study of the 
reactions of the {compounds; they summarise 
these properties in the language of a special 
outcome of the molecular and atomic theory. 
It would be out of place to pursue the subject of 
stmotural formulee here (v. Fobmuijb); these 
formals are supposed to rest on the fonoamenfeal 
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eonoeption of the valenoy of the atom of eaoh 
element. This oonoeption at onoe limits the 
number of atoms with which any gJ)eoifl6d atom 
can be directly combined in gaseous molecules ; 
and it enables ns to bring together under cer- 
tain fairly definite expressions (which are, how- 
ever, very easily misunderstood) regarding the 
composition of compounds, as composition is 
viewed by the molecular theory, many facts re- 
garding the functions of compounds gained by the 
careful study of the behaviour of th^e compounds 
under different conditions (v. Equivalency). 

We have already somewhat fully discussed 
the meaning to be given to the term acid ; wo 
have learnt that th^se compounds which contain 
replaceable hydrogen also contain negative ele- 
ments. Many gaseous acids are known; the 
application to these of the oonoeption of struc- 
ture which springs from that of the equivalency 
of atoms leads to the view that in the molecule 
of an acid there is always direct mutual action 
between those atoms of hydrogen whose function 
is shortly expressed by the qualifying term re- 
placeable, and one or more negative atoms or 
groups of atoms. Thus, in the molecules HCl, 
EBr, HI, HE, H(CN), there must be mutual 
action and reaction between the positive H atom 
and the negative Cl, Br, I, or F atom, or the 
negative group of atoms (CN). Again, the reac- 
tions of the molecule C^H^O.^ oblige us to admit 
that direct mutual action occurs between the 
atom of replaceable hydrogen and an atom of 
the negative element oxygen, and that the three 
atoms of hydrogen which do not act as acidic 
hydrogen are in direct union with carbon atoms 

only: (HaC-0<p. 

A system of classification of compounds may 
be developed on the lines of the structure of the 
molecules of these compounds. If this classifi- 
cation is to be of much permanent value it must 
be limited td compounds to which the funda- 
mefttal conceptions of the system can be ap- 
pUed. We have tried to show that this is 
equivalent to saying that the system must at 
present be limited to gaseous compounds. But 
the vast majority of chemical compounds, other 
than those of carbon, have not been gasified, 
and most of them appear to be incapable of 
existing in the gaseous state. Hence a system 
founded on the conception of molecular struc- 
ture cannot be strictly applied at present to the 
bodies which come within the province of in- 
organic chemistry. Some of the subsidiary con- 
ceptions gained as the applications of the sys- 
tem to carbon compounds are developed may, 
however, be used as aids in classifying non- 
gasifiable bodies, provide'h always care be taken 
not to overstej^ the limits impose^by the condi- 
tions of the inquiry. Thus, arguing from the 
similarities of nroperties exhibited by acids as a 
class, and from what the hypothesis of molecular 
structure helps us to understand of the oonneo- 
tions between the functions of particular atoms 
and the arrangement of |ll the atoms in the 
molecules of gaseous acids, we may conclude that, 
in the collocations of atoms which (by hypothesis) 
form the reacting units of non-gasifiable acids, 
there is more direct mutual action between the 
atoms of replaceable hydrogen and some nega- 
Uve atoms or groups of atoms, than between those 


atoms of replaceable hydrogen and the more 
positive atoms of the reacting atomic complexes 
Again, when we have learned from the study of 
the gaseous compounds of phosphorus that an 
atom of this element appears to be capable of 
directly acting on, and being acted on by, not 
more tnan five other atoms in a molecule, we 
may conclude that in the collocations of atoms 
which (by hypothesis) form the reacting units of 
the non-gasifiable compounds of phosphorus, 
each atom of this element is probably in direct 
union with not more than five other atoms. 
This tentative conclusion may then be applied to 
the development of limiting forms for phosphorus 
compounds: the compositions of these com- 
pounds may be represented so that they shall 
all come under the limiting form BX5. But it is 
easy to forget the limits within which such 
a method as thfs is of any real help. It is easy 
to forget that the notion of the equivalency of 
atoms, on which such a conclusion as that just 
reached regarding the limiting forms of phosphorus 
compounds is really based, is a notion which, some- 
whatvague in itself, becomesvaguer the moment an 
attempt is made to apply it to discussions about 
solid and liquid bodies, for which only the outlines 
of a molecular theory have yet been drawn. 

A system of classification, even of gaseous 
compounds, cannot be reared on the conception 
of atomic valency pure and simple. If one 
atom can directly interact with, say, four other 
atoms, the existence of a vast number of mole- 
cules built up by the union of this atom with 
those of two or three other elements becomes 
possible. Why do not all these molecules exist ? 
Because, replies the hypothesis of molecular 
structure, the properties, and hence the possible 
existence, of a molecule, depend not only on 
the nature, number, and actual valencies, of 
the constituent atoms, but also on the manner 
in which the mutual interatomic reactions are 
distributed in the molecule. Besides the valen- 
cies of the atoms, it is necessary to consider the 
distributions of the interactions of these atoms. 
But how can we frame a working hypothesis re- 
garding the distributions of the interatomic 
reactions which shall help us to understand the 
structure of the collocations of atoms with which 
it seems we have to deal in liquid and solid 
compounds ? These Interatomic actions may be 
distributed now in this way, now in that; the 
effect of this or that reagent may be to cause 
changes in the distribution^ of these reactions. 
We have as yet no solid basis of facts, or even 
of intelligible hypothesis on which to build. 
Compounds of about fifty- six elements (exclud- 
ing carbon) have been gasified ; as a rule, not 
more than six or eight compounds of each ele- 
mlint are known in the gaseous state ; about sixty 
of these compounds are available as data on 
which to bas#argi^ents regarding the valencies 
of perhaps forty-five elementary atoms. Sup- 
posing, then, that a system of classification of 
compounds is to be based strictly on the valencies 
of the atoms in the molecules of these com- 
pounds, the system must be restricted to 200 or 
800 compounds, formed by the combinations of 
about fifty- six elements. 

As regards the connections between atomic 
valencies and atomic weights, it appears that 
the yaknoies of the elementary atoms in oefiMU]i 
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series of elements v&tj from a minimum v{Jue ment of the various sohemes of ohemioal elassl- 
for the first member of the series to a maximum fioation -which have from time to time prevailed 
for the middle member, and back again to the in the scienoC : — 

minimum value for the last member of the series. Lavoxsisb (Oompound radicles), TraiU 4li* 
Thus take series 2--Li, Be, B, 0, N, 0, F — the mentaira de Cmmie (edit, 1789), 1, 197, 209. 
following are the valencies of the atoms of the Duuas and BouLnav (Compound ethers), A, 
members of this series so far as these valencies Ch. 27, 15 (1828). 

have been established on reasonably satisfactory Wohlsr and Lmnia (Benzoyl compounds), 
data (the valency is in each case represented by A, 3, 249 (1832). 

a Boman numeral placed above the symbol of Berzelius (Radicle of thebcnzoic compounds), 

the element) : — A. 8, 282. 

Groups, Berzelid^ (Radicles of ^cohol and its deri- 

I. n. III. IV. V. VI. VII. vatives), J. 1833. 189 ; P. 28, 617. 

Series 2 ^Li* Be’® B^ 0“ F* Liebiq (Ethyl), HandwOrterb. d. Ckemie (1‘* 

Auflagc), article * -iEther * ; A. 9, 1. 

It is possible that the valencies of the elemen- Liebio (Acetyl, constitution of acetic acid, 
taryatoms vary periodically with variations in the Ac.), A. 14, 133. 

atomic weights of the elements. Should it bo Dumas (Substitution), A. Ch. 66, 143 (1835) ; 
established that this is so, we shsll have another TraiU de Chimie appliquie aiix Arts, 5, 99. 
illustration of the wide application and useful- Laurent (Nucleus theory), A. Ch, 61, 125 
ness of the periodic law. But the classification (1836). ^ 

which is founded on the periodic law rests on this Gerhardt (Conjugated compounds), ibid. 72, 
generalisation as a whole, and^ot on any single 184 (1838). 

property of either elements or compoimds. The Dumas (Substitution), C. B. 10, 149. 
periodic law insists on the paramount importance Gerhardt (Atomic weights of oxygen, carbon, 
of the comparative study of all the properties of Ac.), A. Ch. [3] 7, 129 ; 8, 238 ; Precis de Chimie 
elements and compounds ; element must be com- ' oujanique (1814), 1, 47). 
pared with element, compound with compound. I Gerhardt (Homology), Precis, 2,489. 

^us, and thus alone, can we hope to gain a final Laurent (Law of even numbers of atoms ; ‘ 

system of chemical classification. Thus, and j nature of the elements in the free state ; monads 

tnuB alone, can we expect to trace the fundamcn- ; and dyads), A. Ch. [3] 18, 266 (1846) ; Chemical 

tal relations which undoubtedly exist between , Method, 46-96, et 2^a.ssim. 

the properties and the composition, and between ; Wurtz (Compound ammonias), 0. B, 28, 233, 

the changes of properties and changes of com- ! 323 (1849) ; 29, 169 ; C. J. 3, 90. 

position, of homogeneous kinds of matter. On Hofmann (Compound ammonias), T. 1850.93 ; 

the basis of the periodic law a scheme of classi- C. J. 3, 279. 

fioation of the chemical elements and compounds Williamson (Mixed ethers, etherification), 
may be raised, which exhibits (1) the composi- C. J. 4, 106, 229 (1851). 

tion of the compounds in so far as this can be Williamson (Constitution of salts), 0. J. 9, 
fhown in the present state of chemical know- 350 (1851). 

ledge ; (2) the functions of the compounds, that Gerhardt and Chancel (Constitution of or- 
is to say the reactions in which they take part ; ganic compounds), Compt. chim. (1851) 7, 65. 
and (8) the connections between the compositions Gerhardt (Basicity of acids), Compf. ehim. 

and the fxmotions of the compounds ; and in thus (1851) 7, 129. 

olas^ying the compounds of the different ele- Gerhardt (Anhydrous organic acids ; olassi 
ments the method at the same time classifies the fication by types), C. B. 34, 755, 902 (1852); 
elements themselves. M. M. F. M. C. J. 5, 127, 226 ; more fully A. Ch. [3] 37,285 ; 

In connection with the subject-matter of this Dumas’s Report, C. B. 36, 605. 
aiticle tile foUpwing articles should be read : — Berthelot (Synthesis of fats ; nature of gly- 

Atohio and molecular • weights ; Chemical cerine), A. 0^. 61, 216 (1853-64). 

OHANOi ; Equilibrium, chemical ; Equivalence ; Odling (Constitution of salts ; polyatomic 
FoBMULiB ; Molecular structure of matter, radicles), C. J. 7, 1 (1864). 

THXOBISB BBOABDnto; PERIODIC LAW, pHVsiCAL WuRTZ (Theory of glycerine-compounds; 
METHODS OF INQUIRTTUSED IN 0 HEMI 8 TRV. Further polyatomic radicles), A. Ch. [3] 43, 493 (1856), 
details of the properties of the various families of Wurtz (Mixed radicles), ibid. 44, 275. 

elements and their chief compounds are given in Gerhardt and Ohiozza (Amides), ibid. 46, 

the following articles Alkaline earths, metals 129 (1866-56). * 

OF THE (Ca Sr Ba) ; Alkalis, metals of the (Li H. L. Buff (Polyafiimio radicles), Pr. 8, 188 
Na E Rb Os, NH,— Tl) ; Boron ; Carbon ohoup^f (1856). ^ 

XLBMXNT8 (0 Si— Ti Zr Sn Ce Pb Th) ; Chromium Wurtz (Dihydrio alcohols), A.^00, 110; more 

oaffiP F (Or Mo W TJ) ; Copper oboup (Cu Ag, An) ; fully, A. Ch. [3] 65, 400 (1866-59). 
jEKlra, METALS OF THE (A1 Cfti In, Sc Y La Yb — Kbeul]& (Mixed types, radicHs, (fto.), A. 101, 

^)4Maloobn8, the (P 01 Br I, CN — Mn) ; Ht- 129 (1867). 

DBOOiN ; Iron obouf (Fe Ni Co — Mn) ; Lead ; I^kulb (Ditto ; tetravalent character of oar- 
BIadnii^m oboup ^e, Mg Zn Cd, Hg) ; Nitrogen bon atom), ibid. 106, 129 (1858). 
oboce^PAs V wSbBiErBi); Noble metals Couper (Valency of carbon and oxygen), 
(An, Bh Bu Pd, Oiili Pt) ; Oxtobn group (0 S A. Ch. [8] 58, 504 (1858) ; A. 110, 46 (here fol- 
Se Te— Cr Mq'W IJ) ; Tin group (Sn Ge Pb); lowed by critique by Buttlerow, 1869). 

Titanium (Ti Zr Ce Th). Kolbs (Constitution of lactic^ acid), A. 

The nifbiimg memoirs and books may be con* 100, 257 (1859); same subject, ibid, 118, 228 
salted bjrthosei<who wish to trace the develop* (I860). 
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Fostsb (Kaiure of radicles and types), B. A. 
1859, 1. 

WuBTZ (Basicity of acids), A, €h. [8] 51, 842 
(1869). ‘ _ 

Oahottbb (Oombining capacity of the elements; 
limits of combination), A. Ch. [3] 68, 5 (1860). 

Fbankiand (same subject), 0. 18, 177 

(1860). 

Wdbtz (Constitution of lactic acid), A. Oh, 
[8] 69, 161 (1860). 

Oahoubs (same subject), A. Oh, [3] 62, 267 
(1861). • 

Buttuibow (Vftlencies of the elements), Z, 4, 
649 (1861). 

Erlenubybb (same subject), ibid. 6, 18 (1862). 

Eolbb (Classidcation of organic bodie^, A. 
118, 293 (1860); Critical Remarks by Wurtz, 
OhAm. Purd, 2, 354. 

Lossbn (Critical discussion of valency), A, 
204, 265 (1883). 

Cjehminn (Physical isomerism), Z. K. 1, 97. 

Mbndblejeff ^Periodic law], 0. N. 40 and 41. 
Papers on the applications of the periodic law 
are numerous ; v. especially Carnelley, P. M. [5] 
8,815; 18,1; 20, 269, <&o. 

Laubent, Mithode de Chimiet 1854 ; Caven- 
dish Society’s translation, 1855. 

Gebhardt, Traiti de Chimie organique,i vols. 
1853-56 ; especially 1, 121-142 ; 4, 561-808. 

KEKuiii, Lehrbuch der orgamschen Ohemie, 
vol. 1 (1869-61). 

Odlino, Mawual of Chemmtry^ pt. 1 (1861). 

Blomstband, Die ChenUe des Jetztzeit (1869). 

L. Meybb, IHe modemen Theorien der Ohemie 
[4th ed. 1883; English ed. 1888]. 

OsTWALD, Lehrbuch der allgemeinen Ohemie, 
(1886-87). 

Pattison Muib, Treatise on the Principles of 
Chemistry (1884 ; 2nd edit. 1889). 

Thomsen, Thermochemische Untersuchungen 
W vols, 1882-86]. Condensed accounts of the 
bearings of t^ermochemioal investigation on che- 
mical classification will be found in Jahn’s Die 
Orundsdtse der Thermochemie (1882), and in 
Pattison Muir’s Elements of Ther^l Chemistry 
(1886). 

CLOVES, OIL OF. Contains eugenol 
CjpH,,©,, and a terpene C,jHa4 (264® cor.) ; V.D. 
7-7 (EttUng, A. 9, 68 ; Briining, A, 104, 206 ; 
Wilhams, A. 107, 242 ; Church, 0, J. 28, 113). 
The terpene is converted by Br into 
(260®-260^(Beckett a. Wright, 0. /. 29, 1). 

CinCIli C42H„0,5 (?). Occurs in the leaves 
of Centaurea ben^icta or Onicus benedictus and 
bitter plants of the order Conipositm sub-order 
Oyrwroc^halcB (Morin, J, Chim. Med. 3, 106 ; 
Scribe, 0, B. 16, 803). Silky needles, with 
bitter taste ; v? sol. aloahol, v. si. sol, ether ; si. 
soL hot water. Dextro-rotatory, [o] ■■ 181® 
(Bouchardat)! Its solution is tendered turbid 
by long boiling. H3SO4 forms a blood-red solu- 
tion.^ Cone. BClAq becomes green, and deposits 
a resin on warming. 

COAL TAR. The oily product of the distil- 
lation of coal contains benzene, toluene, 0-, w-, 
andp., xylene, naphthalene, anthracene, phenol, 
o-» wt-, and p-, oresol, and ammonia. The minor 
constituents are water, hydrogen, nitrogen, car- 
bonic oxide, COS, cyanogen, 0S» ^S, HCN, 
w,» methane, ethylene, acetylene, propylene, 
wlylene, butylene, oioto^lene, amylene, hexyl- 


ene, hexinene, ennane, decane, styrene, mesi- 
tylene, t|/.oa]nene, terpenes, naphthalene dihy- 
wde, methyl-naphthalene, di-methyl-naphthal- 
ene, diphenyl, aoenaphthene, fluorene, phenan- 
threne, fluoranthene, 4 '*phenanti^rene, methyl- 
anthracene, pyrene, chrysene, picene, acetic 
acid, aeetonitrue, thiophene, methyl-thiophene, 
di-methyl-thiophene, phenyl thiocarbimide, 
pyrocreoBols, carbazole, phenyl-naphthyl-carb- 
azole (phenylene-naphthylene-imide), xylenol, 
benzoic acid, (a)- and ( 8 )-naphthol, pyridine, 
p^ole, methyl-pyridine, di-methyl-pyridine, 
tri-methyl-pyridine, aniline, quinoline, methyl- 
quinoline, parvoline, coridine, rubidine, viridine, 
lepidine, cryptidine, and acridinp {of, Schultz, 
Die OhenUe des StemJcoklentheers). Many of 
the hydrocarbons present in coal tar are probably 
formed from phenols by splitting off water, and 
reduction (Schulze, A. 227, 152). Others are 
formed by the action of heat on simpler hydro- 
carbons. Thus marsh gas is converted by 
passage through a red-hot tube into benzene, 
propylene, and naphthalene ; ethane gives O 3 H 4 
and hydrogen ; dthylene gives ethane and acetyl- 
ene ; acetylene gives hydrogen, ethane, ethylene, 
benzene, styrene, and naphthalene; benzene 
gives diphenyl and hydrogen ; while a mixture 
of benzene and ethylene gives anthracene (Ber- 
thelot. A, 142, 254 ; Seh^tz, A. 174, 203 ; 203, 
118). Most of the bases are probably formed 
either by the action of ammonia on the phenols, 
or by the condensation of bases so formed with 
themselves, with other bases, with phenols, or 
with unsaturated hydrocarbons. 

COBALT Co. At. w. 68 * 8 . Mol. w. unknown 
as element has not been gasified, [c. 1600®] 
(Pictet, 0. B. 88 , 1317). S.G. 8-5-8-7 (v. Play- 
fair a. Joule, 0. 8. Mem. 8 , 67). 8 .G. 8*96 
(Rammelsberg, P, 78, 93). S.H. *107 (Regnault, 
A. Oh. [3] 63, 6 ). V, « Vo (1 3 X *000012360, 
f=40® (Fizeau, 0, B. 68 , 1126). E.O. at 0® 
(Eg at 0®- 1) 9*686 (Matthiesen a. Vogt, P. M, 
[4] 26, 242). T.O. (Ag-lOO) 17*2 (Barrett, J. 
1878.181). S.V.S. 0 . 6*84. E.O. [Oo»,0»,3EPO] 
-149,880 {Th. 8 , 306). 

Occurrence.— The metal is found in small 
quantities (1 p.o.) in some meteorites. Chiefly 
as smaltine, CoAbj in which Co is more or less 
replaced by Ni and Fe ; and cobalt-glance, CoAsS 
with Co partially ^pplaced by Fe and Ni, Co 
compounds also occur as oxide, sulphate, 
arsenate, &o., chiefly with compounds of Ni, Fe, 
and Mn. Compounds of Co were used for pro- 
ducing blue glasses in ancient times. ' Smalt * 
was prepared in Saxony in the 16th century. 
Cobalt was first recognised as an element by 
Brandt in 1735. The name is said to be derived 
from ' Kobold ' ( - sprite or goblin) a term applied 
by miners in the middle ages to minerals which 
were employed in the arts, but from which no 
useful metaJ could be extracted. 

Vormamn,—-The ore is roasted to 
move arsenic and sulphur ; the residue Wdll- 
solved in EOlAq with a Uttle HNO, ; Fe iai jppd. 
by CaO,E,; Cu, Bi, Ac. are ppd.^ H,S; ad- 
dition of bleaohi^ powder ^n pps. ; 

this is heated, and the Ob^ formed is i^aoed 
by heating with dharooaL 

Preparation,-^!, Th# chief ii%uritie8'to be 
removed are As and other in«ti|k ppd. by 
]^S, Fe, and Ni- The roasted otllt^ froBt 
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gangue may be fused with nitre, treated with 
water to dissolve E arsenate, the residue dis* 
BoWed in aqua regia^ evaporated, dilated, satu- 
rated with H,S, and filtered ; the filtrate may | 
then be mixed with so much of a ferric salt that 
a brown pp. (ferric arsenite and forms 

on partita neutralisation, E^OO^q is the£: added 
BO long as the pp. is brown, and until a few drops 
of the filtrate give a reddish pp. (showing ppn. 
of Ki) with alkali ; almost every trace of As is 
thus removed; the filtrate may be acidulated 
with HCl and reppd. by H,S. To the filtrate 
(which should be only slightly acid) solution of 
bleaching powder or NaClO is added, so long as 
toe pp. is black (Co,OJ, a reddish-brown colour 
indicates ppn. of Ni oxides ; the pp. is washed, 
and dissolved in nitric acid, the liquid is con- 
centrated and neutralised by EOH, mixed with 
KKOgAq, strongly acidified by acetic acid, and 
allowed to stand for a few days ; the pp. of 
K-Co nitrite is washed, dried, and strongly 
heated ; E is removed by washing with water ; 
the residual Co oxide is dissolved in oxalic acid, 
and toe Co oxalate is reduced 'oy strongly heat- j 
ingin a closed crucible (Hermbstadt, J. pr. 31, 
106; Patera, J,pr. 67, 14).~2. The oxide, pre- 
pared as desoril^d in 1, is reduced in a stream 
of H at temp, above 320^ (Miiller, P. 136, ol). — 
8. The oxide is dissolved in HClAq and the solu- 
tion is evaporated to crystallisation, the crystals 
of GoClj.fiH^O are dried and heated in a stream 
of 01; and the CoCl, thus obtained is reduced 
by heating in H (Peligot, C. R. 19, 670J.— 4. A 
solution of the oxide is saturated with NH, 
oxalate, and the liquid is warmed, a little solid 
NH4 oxalate is dissolved in the hot liquid which 
is then electrolysed, using a Pt basin as negative, 
and a piece of Pt foil as positive, electrode 
(Classen a. Von Beis, B. 14, 1622). 

Pfoperfies.— Steel-grey, lustrous, crystalline 
plates ; nearly white when polished ; hard ; 
somewhat malleable; very ductile at red heat 
and upwards; slightly magnetic, even at full 
red heat (PouiUet). The compact metal does 
not oxidise in air at ordinary temperatures, but 
when heated it forms Co,0< ; the finely divided 
metal obtained by reducing the oxide or chloride 
in H at moderate temperatures is pyrophoric. 
Oombinea directly with Cl. Oxidised superfi- 
cially by H,0^q. Decomp<ffles steam at red beat, 
and to N and H. Dissolves in mineral 
acids forming cobaltous salts. Cobalt wire 
heated till superficially oxidised, and at once 
plunged into fuming nitric acid, does not dis- 
solve; it shows ‘passivity’ (Nickl^, 0, P.38, 
284) due eitoer to the formation of a protecting 
laymr of N oxides, or to a layer of cobalt oxide 
{cf,pa88ivitifo/ wm, under Ibon). Co in thin 
leaves is said to absorb H much as Pd docs 
(Bdttoher, /. 1874. 296). 

Cobalt is distinctly metallic in its chemical 
behaviour ; CoO forms a series of well-marked 
normal salts, many basic salts are also known ; 
0o/)» dissolves in adds probably forming salts, 
but these are very soon decomposed to cobaltous 
salts ; doaUe eol^tio salts am, however, stable, 
#.47.C!^0|),.8EKO^c.a]8oOoius?iMiNBs). When 
CoO is ad^ to molten EOH, the comjpound 
(C(s0Jk.S,0 is said to be produced, in which Oo 
forms part of the acid radicle (o. OoBAnraTBs). 
The iiUphides of Co show no aoidio character. 


I The atomic weight of Co has been deter- 
mined (1) from analyses of the sulphate and 
chloride (Mari^nac, Ar. Sc. 1, 373) ; (2) by reduc- 
tion of CoO in H (Bussell, C. J, [2] 1, 61); 
; (3) by reduction of NH4-G0 cyanide and phenyl- 
ammonium cobalt cyanide (Weselsky, B. 2, 592) ; 
(4) by reduction (by heat) of strychnine- and 
brucine-cobalt cyanide (Lee, 0. N. 24, 234) ; (5) 
by reducing OoO in H (Zimmermann, A. 232, 
824). Determinations of the S.H. have shown 
that 68-8 and not a multiple of this number is 
to be adopted.'^ This result has been confirmed 
by the isomorphism of several Co salts with the 
corresponding salts of Ni and Fe. 

Cobalt is very closely related in its chemical 
properties to Ni,it is classed ^th this metal and 
Fe, and it also shows analogies with Mn ; v. Ibon 

GROUP or ELEMENTS. 

Reactions a.iid Combinations.—l.Vfith steam 
at red heat forms CoO and H. — 2. Strongly 
heated in air burns to C03O4. — 3. Decomposes 
ammonia at red heat to N and H. — 4. Dissolves 
in mineral acids with formation of salts ; with 
HjSO* evolves SO,^, and with HNOj gives N 
oxides. Thomsen (Th. 3, 306) gives these 
thermal data; [Co,H2SO‘Aq]=« 19,710 giving 
C0SO4 + H,: [Co,H2Cl-Aq] = 16,190.— 6. Combines 
with chlorine, bromine, and iodine, by heating 
in contact with these elements, forming CoCl^, 
CoBr,, and Colj, respectively. [Co,CF] = 76,480 ; 
[Co,CP,Aq] = 94,820 ; fCo.BrSAq] - 72,940 ; 
[Co,D,Aql = 42,620 (TA.3, 306).— 6. Heated with 
sulphur forms CoS and C04S,.— 7. Combines 
with selenion to form CoSe, by heating the two 
elements together (v. Cobalt, selbnidb op). — 
8. Combines with arsenic (v. Cobalt, absbnideb 
op). — 9 Absorbs (? combines with) small quan- 
tities ot carbon when strongly heated with it, 
forming a hard grey mass resembling steel. — 
10. Forms alloys with several metals, especially 
Sb, Bi, An, Fe, Pb, Pt, Ag, Sn, and Zn ; little is 
known of these bodies. n 

Detection and estimation. — Co compounds 
give a clear blue colour with a bead of borax or 
microcosmic salt in both blowpipe flames. Black 
CoS is ppd. by alkaline sulphides, but not by 
HjS in acid solutions. Ammonia pps. blue basic 
salts, soluble in excess to a reddish liquid which 
absorbs O from the air and becomes brownish ; 
KOHAq pps. part of the Co as hydrated oxide 
from this solution. Traces of Co are detected 
by adding excess of NHjAq, and then E^eCVaAq, 
when a dark yellowish red colour is produced 
(Skey, O. N. 16, 111) ; or by adding excess of 
ECNAq followed by NH^ sulphide, when a blood- 
red colour is formed which slowly disappears 
(Tattersall, G. N. 39, 66 ; Papasogli, B. 12, 297). 
Co may be estimated by ppn. as oxalate, which 
is then decomposed by heat to metal. The Co 
may be separated from Ni by e^f^porating an 
acid solution to a small bulk, adding slight 
excess of EOHAq, acidifying wito acetic acid, 
adding excess of a cone, solution of ENO, 
strongly acidified by acetic acid, allowing to 
stand for 24 hours in a warm place, and wasUng 
the ppd. Oo 2(^0^,.6KNO, with solution of 1 
part E acetate in 9 parts HjO. The pp. is dis- 
solved in HClAq ; liquid is evaporated until very 
cone, and all free a^d is removed, E,0,04Aq is 
added drop by drop until the pp. whicn forms is 
dissolved, a UUle watsir is a^ed* toe liquid if 
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lieated to boiling, and rather more than an oi 
equal volume of 80 p.o. aoetio acid is added very C 
ilowly ; after etanding 6 hours at^about 60® the n 
ppd. Co oxalate is filtered off, washed with a C 
mixture of equal volumes of oono. aoetio acid, ii 
alcohol, and water, and dried ; it is heated in a ri 
closed crucible, then strongly in the air (to a 
oxidise 0), and the oxide is reduced by strongly b 
heating in H. After weighing, the Co should C 
be washed in hot water and again heated 2 
in H (Classen, Fr. 18, 189). Classen recom- 
mends the electrolytic estimation of Co by o 
depositing the metal from a solution in excess 
of warm KjCj 04 Aq (v. Classen’s Qmniitaiive 1: 
Analyse durch Electrolyse, Berlin, 1886. A 1 
description Of thd apparatus will be found in I 
Dittraar’s Exercises in Quantitative Chemical 
Analysis, Glasgow, 1887). Wolff {Fr> 18, 38) [ 
proposes to determine minute quantities of Co i 
by a spectroscopic method based on the absorp- 5 
tioff-spectrum of very dilute solutions of Co to 
which excess of#NHjAq and a little NH 4 SCy i 
have been added. ^ | 

Technical applications. — By adding a fraction i 
of a per cent, of Mg to Co an easily worked ' 
metal is obtained, which is very compact and 1 
lustrous, and resists the action of the air (Fleit- t 
mann, B. 12, 464 ; Bicdermann's Chem.-techn. ( 
Jahrher. 1884-6. 26). Many metals may be 
covered with a thin deposit of Co by electrolysing 
a fairly cone, solution of C0CI2.NH4CI (Bdttcher, 
W. J. 1876. 219 ; Gaiffe, 0. B. 87, 100) (v. Co- 
balt COLOURING MATTERS, p. 229.) 

References. — Besides those in the text the 
following are of importance : (1) Regarding the 
metallurgy and preparation of Co ; Manh^s {B. 
17, 622), Wdhler (P. 6, 227), Liebig IP. 18, 164), 
Langier (A. Ch. 9, 267), Stromeyer (A. 96, 218). 
(2) Regarding the properties of Co ; Dovillo (D. 
P. J. 140, 428), Barrett (/. 1873. 131). (3) Re- 
garding technical applications of Co; Wiggin 
(W. J. 188k 69; v. also W. J. 1883. 149). (4) 
Regarding separation and estimation of Co; 
Fischer (P. 74, 116), Braun (Fr. 7, 313), Liebig 
(A. 66, 244 ; 87, 128), FleiscW {J.pr. 1870, 2, 
48), Donath (B. 12, 1868). 

Cobalt, alloys of. Little is known of these 
bodies ; Co seems to form alloys with Sb, Bi, 
Au, Fe, Pb, Ft, Ag, Sn, and Zn, 

Cobalti anunouia coxnpounds of v. Cobalt- 
AM1KB8, p. 222. 

Cobalt, antimonate of, Co(SbO,) 2 .a;H^O 
(Heffter, P. 86, 418 ; cf. vol. i. p. 285). 

Cobalt, arsenates of. CoH4(A604), and 
Co,(As 04 )r 8 H, 0 ; v. vol. L p. 308. 

Cobalt, arsenides of. Co and As are said to 
form a grey-black, porous, mass, when heated 
together in the ratio of*2 parts Co to 8 parts As. 
The mineral stTtaZfine is more or less pure Co 
arsenide, C^nSgi and skufterud we is nearly pure 
CoAs,. 

Cobalt, rfPienlte of. Co,H4(A80g)4.Hj,0; v. 
vol. i. p. 806. 

Cobalt, borate of. Probably 
20 oBa 04 . 0 o 0 ^r 8^0 (H. Rose, P. 88, 299). , 

Cobalt, bromide of. CdBrj. Mol. w. unknown. 
[Co,Br^Aql-72,940 (^A. 8,306). Agr8en,deli. 
quesoent, lustrous solid ; prepared either by 
heating Oo in Br vapour (Rammelsberg, P . 66, 
244) ; or by warming Oo in oontoot with Br and 
evaporating over H(S 04 » drying the orystala 


of CoBr,.6HaO, and heating to o. 130® (Hartley, 
0. J. [2] 12, 214). The crystals of CoBra.6HjO 

..A lAAO 


melt at 100 ®, giving the puiple-grey hydrate 
OoBrs. 2 H 30 (Hartley). CoBr, absorbs NH* form- 
ing CoBrj. 6 NH„ from which all NH, can be 
removed by heat {v. Cobaltaminbs). CoBr,Aq 
and PtBr 4 Aq evaporated yield carmine, rhom- 
bohedral, very deliquescent, crystals of 
CoBr,.PtBr 4 . 12 H, 0 ; S.G. 2*763 (TopsoS, J. 1868. 
276). 

Cobalt bromide, hydrated; v. Cobalt, bromide 
or. 

Cobalt, carbides of. Co absorbs C when 
heated with charcoal, forming a hard, grey, steel- 
like solid. It is not known whether definite car- 
bides are formed or not. 

Cobalt, chloride of, CoClj. Mol. w. unknown. 
[Co.Cl*]- 76,480; [CoCF.Aq] - 18,340 {Th. 3, 
306). Absorption-spectrum, v. Russell, Pr. 32, 
258. 

Preparation. — 1. CoO, or CoCO„ is dissolved 
in dilute HClAq, the solution is evaporated until 
a blue-green solid separates, which is sublimed 
in a stream of dfy Cl or dry HCl.— 2. Finely di- 
vided Co or CoS is heated in a stream of Cl. — 

3 . C 0 C 4 . 6 H 2 O, obtained by crystallising solution 
[ of CoO in HClAq, is heated to 120® ; traces of 
oxychloride are always formed thus (Potilitzin, 

B. 17, 276). 

Properties and Reactions. — Blue crystalline 
scales : easily soluble in water forming reddish 
liquid, also in absolute alcohol. CoCl^Aq of dif- 
ferent S.G. contains as follows (Franz, J. pr. [ 2 ] 

6 , 274) 

S.a. OoCl.p.o. S.G. CoOl.p.0. 

1*0496 6 1*2246 20 

1*0997 10 1*3002 25 

1*1679 16 1*3613 saturated at 17*6®. 

A saturated alcoholic solution contains 23*6 p.o 
C 0 CI 2 , appears blue by reflected light and almost 
black by transmitted light, becomes colourless 
when diluted so that one part CoGl, is contained 
; in 10,000 parts of solution, but blue colourretums 
, on warming *, S.G. of this solution is 1*0107. Ad- 
dition of water to the blue alcoholic solution pro- 
) duces violet and then red colour ; a method of 
, determining water in alcohol or in organic com- 
pounds miscible with alcohol has been founded 
- on this reaction (\^ 4 inkler, J. pr. 91, 209). An 
aqueous solution of CoCl, becomes blue on addi- 
) tion of oono. HClAq, H 2 SO 4 , or other dehydratmg 
agent *, also onheating,the temperature of change 
1 being the lower the morecotfo.is the solution, thus 
a 60 p.o. solution changes colour at 60°-100®, a 26 
a p.o. solution at 86"-135°, and a 10 p.o. solution 
i at 180®-207® (Tichborne, J. 1872. 27). Addition 
I. o! HCl to oono. CoOl^q pps. 

0 fcom 1 to H H,0 (Ditto, A. Ok. [ 6 ] 22, Ml), 
e The change of colour of solution of CoCl, tom 

blue to red is accompanied by hydration (Poti- 

litzin, B. if, 27Gf ; it « 

as supposed by Bersoh (TT. A, B. 66 , 724). 

C<mUnations.-l. With water to form vj- 
rious hydrates (u. Potilitzin, B. 17, 276). The 

i.* hexahydrate,Co0L.6HABepaJateB by oar^ 

i. fully evaporating a red solution of CoO or OoOO, 
iv in HClAa; dark red monoolimo crystalB; S.G. 

1 - D84; loaewaterat30'>-85»,nndnt46°-«0°foHn 

,d the dihTdrate! slowlj lose water OTOT H,SO, 
U to^Sedibydratii [0o01>.6BPOl-M,l«(H 
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fOoOl».6H»0,Aq] » - 2860 {TK 8» 806). The di- 
hydrate, Clo€lr2H,0, fornu a rose-red finely 
erystalline powdw ; prepared aa described above ; 
al^rbs water from the air forming the hexahy- 
drate. The monohydrate, OoOl^H^O, is ob- 
tained by heatix^ the dihydrate to o. 100°, or by 
ilowlj evaporating a solution in absolute'alcohol 
of thehexa- or di-hydrate, the temperature being 
gradually raised to 95°. Lustrous, violet-blue, 
crystalline needles : dehydrated at il0°-120°. — 
9. WithofitmomatoformtheoompoundsM.OKH,, 
M.4N]^ and M.2NH, where M-CJoGl, {v. Oo- 
baltamikxb). — 8. Wiih ammonium chloiide to 
form GoClt.NH401.6H,0 ; prepared by evapo- 
rating a mixture of solution of GoO in 2 parts 
HGlAq and NH, hi 1 part HGlAq (Eantz, A. 
66, 284); not obtained from mixed solutions 
of OoOl, and NH^Ol (Merrick, J. 1876. 251) ; 
forms ruby-red, deliquescent /crystals. — 4. 
With amlinetparatolmdinet end xylidine * The 
aniline compounds are GoGl2.(G4Ha.NH2), and 
Go04(OtH4J(Hj2.2G2H,0 ; the former, lustrous 
blue orystala, is obtained by dissolving OoGl, 
in hot aniline and crystalling from abso- 
lute alcohol; the latter, rose-red leaflets, by 
adding aniline to an alcoholic solution of 
CoOl,; at 100° alcohol is completely removed. 
The toluidine and zylidine compounds, ob- 
tained similarly to me aniline compound, 
are blue needles: OoGlrfGfH^.GHa.NHj), and 
Clo04*(G4H,(GHa)rNHJ,(Lippmann a.Yortmann, 

5, 11, 1069 ; 12, 79). — o. With cadmium chlo- 
rids, gold chUyrids, and sim chloride to form 
Oo01,2Gd0412H,0, Coq42AuGl,.8H20, and 
Oo04.Zn01^6H|0, respectively ; by evaporating 
mixed solutions of the constituent chlorides.— 

6. With cobaltous oxide; when dilute NHjAq 
is added dron by drop to boiling GoClzAq a blue 
pp> is formed, which turns peach-red ; this pp. 
when dried probably has the composition 
90o04.60o0.7^0 (Habermann, M. 5, 442). 

Cobalt chloride, hydrated ; v. Oobalt, ohlo- 
UDB or ; Oombinatione, No. 1. 

Cobalt, chromates of ; v. Ghbomates. 

Cobalt, cyanides of, also Cobalto- and CobalU- 
oyanidos ; v. Otanides. 

Cobalt, fluoride of, GoPj.2ttjO. Mol. w. un- 
known. Bose-red crystals ; by dissolving GoO in 
exooM of HFAq; soluble ii^ Aq containing HF, 
or in a little cold water ; decomposed by much 
hot water to ozyflnoride Go20F2.H,0 (Berze- 
lius). OomhinesvriihpoUianumfluoride, sodium 
fiuorids, and ammonium fluoride, to form double 
salts; OoPyKPJI,0, GoP,.NaF.H,0, and 
GoFr2NH«F.2HLO (Berzelius ; Wagner, B, 19, 
897). 

Cobalt, haloid compounds of. —These oom- 

S [>unds all belong to the form OoX, ; X • F, Ot, 
r, or L None has been gasified, and therefore 
the molecular weight of none is Imqwn with cer- 
tain* These compounds are greenish -blue 
solids; all form hyorates, which are reddish. 
All are soluble in water, and all seem to form 
double compounds with alkali haloid compounds. 
A very few oxyhaloid compounds have been pre- 
pared. 

Cobalt, hydrated oxides of; u. OosAnr, oxides 
AXD emhozinzs or. 

Cobalt, hydroxides of ; v. Cobalt, oxides amo 
«XDB(MaBaB ov. 


Cobalt, iodide of, Col^ Mol. w. unknown. A 
black, graphite-like, solid ; obtained by digesting 
Go with wate^ and iodine, filtering, evaporating 
the red liquid till it gets thickish, cooling over 
H,S04, and heating the crystals to 180° (Hartley, 
O. J. [2] 12, 602). The liquid prepared as aesoribed 
yields green crystals of GoI,.2^0 ; these are ex- 
ceedingly deliquescent. When the same solution 
is kept at 16° or so for some days red crystals of 
GoIf.6H30 separate (Hartley ; Erdmann, J. pr. 
7, 364 ; Rammelsberg, P. 48, 156). Gol, com- 
bines with Nfi., to form GoL.4NHa (Kammels- 
berg, P. 56, 245). 

Cobalt, oxides and hydroxides of. — Gobalt 
forms three well-marked oxides: GoO, Go.O^, 
and GojO, ; four other oxiderf"' are known, which 
are usually regarded as compounds of the first 
and third of these, viz. Go.P8.20oO, GojOs-SCoO, 
GojOj-dGoO, and GojOj.GGoO. The monoxide 
GoO is distinctly basic; the sesquioxide GOjO, 
dissolves in acids, probably with formatidh of 
salts, but very few salts corresponding to this 
oxide have been obtained as they are very easily 
reduced to salts of GoO ; the other oxides do not 
form corresponding salts. The monoxide is 
stable when heated to a moderate temperature, 
but at full redness it is oxidised to 00,04 ; GOjO, 
is deoxidised by heating strongly with formation 
of CO3O4. Several hydrates of the various oxides 
are known. 

I. Gobaltous oxide GoO. {Cobalt monoxide, 

cobalt oxide.) Mol. w. unknown. A greenish- 
brown powder, slightly hygroscopic. S.O. 6*59 
to 6*76 (Playfair a. Joule, 0. S. Mem, 8, 57). 
Prepared by heating GoGO, or GoJJOH), (g. v.) in 
complete absence of air (Beetz, P. 61, 478) ; or 
by heating GoGl, in steam (Schwarzenberg, A, 
97, 211) ; or by heating GO3O4 in a stream of GO, 
(Bussell, C. J. 16, 51). GoO is unchanged in air, 
but when strongly heated it is oxidised to GojO^ ; 
it is reduced to Co by heating in H or CO, or with 
G ; it is quickly changed to GoS b/ heating in 
HjS. ° 

Cobaltous hydroxide Go(OH)2. {Cobalt hy- 
drate. Hydrated cobaltous oxide.) [Co,0,H*0] 
•>63,400 {Th. 3, 306). Obtained by adding 
potash to solution of a cobaltous salt in absence 
of air ; the pp. is a blue basic salt, which slowly 
changes to the rose-red hydrate ; the change is 
quickened by heating (Winkelblech, A. 18, 148, 
253 ; Beetz, P. 61, 473). If potash is added to 
a boiling solution the pp. contains alkali and 
some basic salt (Fremy, A. 80, 277 ; 83, 227, 
289). A rose-red powder; absorbs 0 from air 
turning brown; heated in absence of air gives 
GoO. Gobaltous oxide and hydroxide dissolve 
in acids forming stable cobaltous salts {v. Cobalt, 
BALTS or, p. 221). [CoO*H»,H»SO*Aq]- 24,670; 
[CoO*H^HW^q]» 21,140 {Tk. 3, 807). 

II. Gobaltio oxide GojO,. {Cobalt sesquioxide. 
Cobalt peroxide.) Mol. w. unknown. A steel- 
grey, lustrous solid. Heated in dfer gives Go,04. 
Dissolves in cone, acids, but very few salts have 
been obtained corresponding to the oxide ; solu- 
tion in cone, cold acetic acid gives brown pp. of 
GojOg-SH^O with an &lkali; some double salts 
are known, e,g. Oo2(NOJ,.6KNO, (v. Cobalt, salts 
OF, p. 221). Prepared by gently-heated Co2NO| 
so long as reddish vapours are evolved, powder- 
ing finely and again gently heating ; or by heat- 
ing 0 o,O,. 8H2O to 600°-700°. 
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Oomuno htdboxides. The oomponnd 
Oo,(OH)e or Co,0,.8HsO is obtained by expos, 
ing a solution of a oobaltoos salt,^th excess of 
NH,Aq added, to the air nntil brown, and ppg. 
by EOHAq ; or by ppg. a oobaltons salt solu* 
tion by a hypochlorite in presence of alkali ; or 
by passing Cl into, or adding BrAq to, Oo(OH), 
or OoCO, suspended in water ; the pp. is dried 
by pressing between paper. A dark-brown powder 
[Co2,0»,8H^O] - 149,380 ; [2CoO*HSO,H20] - 
22,680 {Th. 3, 306). By drying at 100®, or by 
prolonged exposure over HjSO,, the hydrate 
COaOj.WIjO [?Co20(OH)J is obtained. The 
game hydrate is formed as a black lustrous 
deposit on the positive pole, when a slightly 
alkaline solution Of cobaltous-potassium tartrate 
is electrolysed, using Ft electrodes (Wernicke, P. 
141, 119) ; S.G. as thus obtained - 2*483. The 
hydrate 3Go20,.2H,0 is obtained by heating 
OoCl, and Oo2(NHj)j901j in the ratio 2:1 mols., 
witi water in a open vessel (Mills, P,M, [4] 35, 
267). , 

The cobaltio hydrates lose water when gently 
heated, giving Co-^Oa ; when strongly heated they 
yield C0SO4. They dissolve in cold cone, acids, 
forming brown solutions ; these solutions are 
decomposed on warming and thus give oobalt- 
ous salts ; the solution in cone, acetic acid is 
fairly stable ; potash pps. CoaOj.blLO from 
this solution. Freshly ppd. Co20s.3H.p dis- 
solves in neutral (NH^I.jSOjjAq forming a solu- 
tion of OojOj.lONHj.eSOa (Geuther, A. 128, 
167). 

III. OOBALTO-CODALTIO OXIDE COsO^. {Block 
oxide of Cobalt,) Mol. w. unknown. Obtained 
by strongly heating in air, or in 0, CoO, Co(OH)2, 
CojO, or any of its hydrates, C0CO3, Co(NO,)2, or 
O0C2O4. A black amorphous powder which slowly 
absorbs water from the air. S.O. 6*833-6*296 
(Bammelaberg, J, 2, 282). Obtained as lustrous, 
metal-like, greyish-black microscopic octahedra, 
by strongly* heating a mixture of Cod, and 
BH4OI in a stream of air or 0, or a mixture of 
C0C3O4 and NH^Cl in 0, and treating the residue 
with hot cone. HClAq. The crystals are unacted 
on by many cone, acids, but dissolve slowly in 
cone. H3SO4 (Schwarzenberg, A. 97, 211) ; they 
are non-magnetio. 

Hydrates of cobalto-cobaltio oxide. Three 
have been described. 0o,O4.2H,O, obtained by 
exposing to ordinary air CO3O4 prepared by heat- 
ing CoCO, ; Co, 04.3H20, obtained by boiling a 
solution of roseo-cobaltic sulphate (Genth a. 
Gibbs, Am. S. 23, 267) ; COa04,7H20, obtained by 
allowing Co(OH)2 ppd. by adding excess of 
alkali to a cobaltous solution to stand in the air 
(Fremy). 

IV. Other cobaltc-oobaltio oxides, (i.) 
Co20g.2CoO •, a black powder, obtained by heat- 
ing dried Co(5D, to 100®-160°in a closed crucible, 
or by heating lutoo- or purpureo-oobalt chloride 
with 80-40 p*rt8 water to 70®-.100® in a sealed 
tube (Mills, P. M. [4] 36, 267). (ii.) CojOg.BCoO; 
obtained by heating purpureo-oobalt chloride 
with 2 mols. CoOl, and some water td 100° in a 
sealed tube (Mills, Z.c.). • (iii.) Co.O3.4CoO; a 
black powder, unchanged by boiling with HNO, 
or HaSOg, obtained by strongly heating oobalt- 
ous salts in air, (iv.) Oo,0,.6CoO ; obtained 
with 6H,0 by adding NH^Aq to Co(NO»),Aq and 
allowing to stand in air tUl pp. i» yellow. 
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Cobalt, oxyhaloid eompounds of. Tory few 
of these compounds have been prepared. 
20oG1^6Co0.7E20, v. Oobalt, ohlobidb ot; 
Oombmationst No. 6. CoFrOoO.H,0, v. Cobalt^ 

TLUOBIDB OF. 

Cobalt, oxysnlpbide of, Clo,OS. (»OoO.OoS). 
Dark-jftey powder ; by heating C0SO4 in H. 
Dilute acids dissolve CoO; oono. acids also 
evolve HjS ; heated, gives CoO and 60,. 

Cohalt, phosphide of, Co,?,. Black powder ; 
obtained by ppg. CoOl2Aq by Na,HF04Aq and 
heating the ppd. phosphate in a stream of H ; 
also by heating CoCl, in PH,. Insoluble in 
oono. HClAq; easily soluble in HNO^q. Co 
and P combine, by heating Co with a mixture of 
P,04 and charcoal. 

Cobalt, salts of. Compounds obtained by 
replacing the H of acids by Co. Many of these 
salts are knoWn ; most of them belong to the 
class of cobaltous salts OoX, where X=C1, NO,, 
§2«* §F04, &o. ; a few double cobaltio salts CoX, 

are known. The. Co salts are generally obtained 
by dissolving CoO or CoO.H,0 in aoids, or by 
double decomposition from other Co salts. 
Cobaltous haloid salts, sulphate, nitrate, and 
some others, are soluble in water ; the carbonate 
and phosphate, (kc., are insoluble. Co forms 
many basic salts. Aqueous solutions of cobaltous 
salts are generally pink ; when very cone, they 
usually become blue to blue-green ; this colour- 
change is accompanied by dehydration and 
rehydration (c/. Cobalt, chlobidb of ; Properties 
and Reactions). For some account of the resem- 
blances between Fe, Ni, and Co v. Iron Gbouf of 
Metals. Cobaltous salts closely resemble Ni 
salts ; many of them are also very similar to, 
and isomorphous with, ferrous salts. Cobaltio 
hydrate CojOj.SHjO dissolves in cone, cold aoids 
probably forming cobaltio salts ; on warming, 
these solutions are generally quickly decom- 
posed with production of cobaltous salts; a 
solution in acetic acid is fairly stable. When 
ENO, is added to an aoetio aoid solution of a 
cobaltous salt a pp. of the doable cobaltio 
salt Co(N02),.3ENO, is obtained. As no com- 
pound of Co has been gasified the formults of 
the Co salts are not necessarily molecular. The 
chief salts of oxyaoids are tho carbonates, w. 
(rates, phosphates,^ and sulphates ; chlorate, 
bromate, iodate, nitrite, phosphite, sulphite, and 
a few others, are also known (v. Carbonates, 
NITRATES, Ac.). A great many double com- 
pounds of Co salts with ammonia are known 
(t7. CoDALTAMlNES, p. 222). 

Cobalt, selenlde of. CoSe. Co and Se com- 
bine when heated toget\ier, forn^g a metal-like, 
l^istrous, greyish mass, which is fusible at red 
heat (Berzelius). The compound CoSe is ob- 
tained by passing vapour of Se over hot Oo in 
an atmospMbro <4 H ; S.G. 7*66 ; when melted 
under borax it forms a yellow, crystalline, metal- 
like solid (Little, A. 112, 211). 

Cobalt, solphides of. Oo and S combine 
direotly in different proportions. Sulphides are 
also formed by ad^^ alkali sulphides to eo- 
baltouB salts, and by passing H«S into an aoetio 
aoid solution of OoaO„ orOoO, and iuTarioua other 
ways. The following snlphides are known : 
C04S,, CoS, Co,S„ Oo^,. CoS,; those sie tbs 
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■implegt lormalffi that oan be gi^en, but they 
are not neoessariW moleoular. The sulphides 
of Go are basic ; OoS combines with As^Sj and 
Sb^Si* 

I. OoBALTous suLPHma CoS. {Oobalt mono- 
iUlphide,) Occurs native as Svepoori^e. Prepared 
by neating Co with S, or CoO with S, or C0SO4 
with BaS and excess of NaOl; forms bronze> 
coloured, lustrous needles, soluble in acids. 
Also obtained as a black amorphous powder by 

NH4 sulphide to an aqueous solution of 
a ^baltons salt, or by passing HjS into a dilute 
acetic acid solution of CoO, or into water hold- 
ing Co(OH), in suspension; the black pp. is 
soluble in dilute mineral acids, but not in acetic 
acid ; insoluble in alkali sulphides ; when moist 
it oxidises rapidly in air to C0SO4. Non- 
magnetic (Hjordtdahl, C. 22. 65, 75). Com- 
pounds of CoS with As and ^-Sb sulphides, 
M3|S,.2 CoS, are obtained by adding Go solutions 
to Na thio-arsenite, <&c. 

II. CoBALTlO SULPHIDK COaSg. (Cobdlt S63- 
guisulphide.) Occurs native aafiobalt-pyrites in 
ootahedra. Prepared by heating CoS or Co(OH)j, 
in a stream of HgS, or by strongly heating a 
mixture of CoO, S, and KOH, and washing with 
water ; forms a graphite-like crystalline powder. 
Also obtained as an amorphous black pp. by 
passing H^S into a solution of CogO, in acetic 
add, or by adding NH^ sulphide to the solution 
of a roseo- or purpureo-cobalt salt. Insoluble in 
EONAq, thus cUffering from NiS. 

III. Cobalt disulphidb CoS^^ {Cobalt per- 
Bulphide.) Cobalt-glance is approximately pure 
C0B2.C0AS2. Obtained by moderately heating a 
mixture of 1 part dry CoO with 3 parts S, or of 
1 part CoCO, with parts S, until excess of S 
has been removed (Setterberg, P. 7, 40). A black 
lustrous powder ; heated in absence of air to red- 
ness forms CoS; unacted on by acids except 
cone. HNOa and aqua regia. 

ly. Cobalto-oobaltio sulphide CO3S4. 
Ooours native as Linnadte. Formed, as a 
greenish-black powder, by heating CoGljAq with 
K polysulphide solution to 160® (S^narmont, 
A. Oh. [8] 80, 187). 

V. The sulphide C04S, is said to be obtained 
by heating CoSO, to whiteness in a carbon 
orudble, or by ptrongly heating Co with S, or 
CoO wi^ H,S (Hjortdahl, G. B, 65, 76). A grey 
metal-like, lustrous mass, soluble in hot HClAq 
with evolution of H,S. 

Oobalt, tnlphooyanide of, Co(SCy),; o. Sul- 
VBOOTAifix«8, under Cyanides. 

' * Cobalt, borotuj^tate of; v.Bobotungstates, 
wider Tuhostbm. M. M. P. M. 

COBALTAHniEB. {Cobaltammonvum com- 
pounds. Cobdlt-<mmoma compounds. Ammo- 
nio-cobaU salts. Ammoniacal cobalt basest 
ComTOunds of ammonia, cobalt, and negative 
radides, formed either by combination of NH, 
with coWtous salts in absence of air, or by re- 
actions between cobaltous salts and ammonia in 
presence of air. 

Bergmann noticed the solubility of oobalt 
salts in ammonia. Tassaert {A. Oh. [1] 28, 95, 
[1799]) noted that oolouB-ohanges occur when 
tibese solutions stand in the air. Th4nard (A. Ch. 
[1] 42, 211 [1808]) and Proust (A. Ch. [1] 60, 264 
[1806]) explBuiM these chaises as caused by 
absorption of oxygen from the air. Quantitative 


measurements of the changes in question were 
made by L. Gmelin (S. 86, 236) Pfafl (S. 86, 486), 
Dingier (P. jf 10, 189), Hess (P. 26, 647), and 
Winkelblech (A. 18, 259). Beetz (P. 61, 489 ; 
B.'J. 25, 169) and H. Bose (P. 20, 147) carried 
further the investigation of the compounds pro- 
duced. In 1850>60 Gibbs (P. Am. A . ; v. post) 
began his investigations of the compounds formed 
when ammoniacal solutions of cobalt salts are 
exposed to air ; these researches form the basis 
of our knowle^e of the subject. The chemists 
who have chieny contributed «IU) the elucidation 
of the subject of ammonio-cobalt salts, besides 
Gibbs, are Fremy, Claudet, Genth, Braun, Mills, 
Vortmann, F. Bose, and JSr^ensen (references 
will be given to original memoirs by these 
and other chemists under the individual com- 
pounds). 

Some cobaltous salts combine with ammonia 
in absence of air, forming salts which crystaUise 
from ammoniacal solutions but are decomposed 
by water ; these ammoftio-o»baltotis salts, or 
cohalto-amines, generally belong to the form 
M.6NH, where M » a cobaltous compound, e.g. 
CoClj or CoSO,. Many cobaltous salts in solu- 
tion react with ammonia in presence of air to 
form compounds of the type Co^Xg.ajNH, where 
X = an acidic radicle. These ammonio-cobaltic- 
salts, or cobalti-amines, may be classified, pri- 
marily, according to the value of 05 in the general 
formula COaX.-TNEEj,, and secondarily according 
to the nature and relation to the rest of the salt 
of the acidic radicle X. 

Becent researches have shown that when 
ammonia is added to a CQbaltous salt solution in 
presence of air, the cobaltous compound probably 
oxidises, and at the same time combines with 
ammonia, and that the various ammonio-cobaltic 
compounds subsequently produced are derived 
from these oxidised compounds by removal of 
oxygen and ammonia, followed in some cases by 
recombination with more ammoniaf The final 
production of this or that ammonio- compound 
seems to depend ohiefiy on the relative masses 
of the cobaltous salt and ammonia or ammonium 
compound originally present. 

The cobaltamines form compounds with many* 
acids and with metallic salts. The mutual rela- 
tions of the various classes of cobaltamines, and 
the constitution of each class, are not yet 
thoroughly elucidated. The following classifica- 
tion is a fairly satisfactory scheme of arrange- 
ment, and is generally adopted : — 

l. COBALTO-AMINES or AMMONIO-CO- 

BALTOUS SALTS. Formed by the reaction of 
cobaltous salts in solution with ammonia in 
absence of air. These compounds belong to the 
form M.a5NH, where M a cobaltous compound 
and X is generally - 6, ' . 

IL OXY-COBALTAMINES or AMMONIO- 
OXYCOBALTIO SALTS. Forme^y prolonged 
oxidation of ammoniacal solutionsuf oobalt salts 
by a stream of air. Most of these compounds 
may be represented as belonging to one or 
< other of the series Co,(NH,),^4.0H.O.OH and 
Go,(NH,),^^.O.OH, where an acidic radicle 

Cl,Br, I, 

m. COBALTI-AMINEB or AMMONIO-CO- 
BALTIC SALTn. Formed by exposing ammo 
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aiaoal golaiions of oobaltoua salts to the air, and 
adding an acid or a salt. These compounds may 
be divided into fonr main series :-«< 

(i.)HEXAMXMB8 or Hbxaumonio-oobaltio salts; 
Co,(NH,)aB*. e.g. Coj(NH,)g(SO,),.6H,0. These 
sfdts are also called dichrocobaltio salts. 

(ii.) OOTAMINES or OOTAMMONIO-OOBALTIO SALTS ; 

Ooj(NH,)«R^ e.g. Coj(NH,)gCl,.2H,0. 

(iii.) Decamineb or Decammonio • oobaltio 
BALTS ; Oo,(NHg)ioR*e s.g. Go 2(NH3 ),o(OH)*. 

(iv.) Dodboamines or Dodeoammonio-oobaltic 
SALTS ; 00j(NH,),2RJ8 e.g. Oo2(NHj),j(CO,)3.7H30. 
The fourth series "is also called the series of 
hiteo - cohaltarrUnes or luteo - ammatiio - cobaltic 
salts. 

The octamvnes and decamines are generally 
divided each into three divisions : — 


OCTAMINES. 

(a) Praseo-cobaltic salts; normal salts, 
e.gf.Co2(NH,)3(SO,)3.4H20. 

(o) Fusco-cobaltic salts; basic salts, c.j/. 
Co2(NH3)3C1,(OH)2.^H,0. 

(c) Oroceo-eobaltie salts, also called 
nitramines of the octamine series ; derived from 
praseo-salts by replacing | of R by NO, e.g. 
Co3(NH,)eSO,(N03), 


Decamines. 

(а) Roseo-cobaltio salts; 
Co2(NH,),oCle.2H20 

(б) Purpureo-cobaltic salts; 

Co,mM. 


differ in 
quantity 
of H^O 
they 
contain. 


(e) XanthO’Cobaltic salts, also called 
nitramhies of the decamine series ; derived from 
purpureo- or roseo-salts by replacing ^ of R by 
NO3 e.g. Co 2(NH3 ),oC 1,(N03)2.2H20. 

Many cooaltamines of different classes com- 
bine with acids and with metallic salts to form 
double compounds. 

The empirical formulffl given to the cobalt- 
amjpes do not sufficiently represent the proper- 
ties of these compounds. It is sometimes neces- 
sary to distinguish between the functions of 
different radicles in the same compound ; and 
isomerism is exhibited by some of these bodies. 
Tlius, in the octamine series, two octamine chlo- 
rides exist, Co..(NHj)8Cln.2H20 ; one is green, it 
loses all its water at 100’, its aqueous solution 
is easily decomposed giving a pp. of Co^Oj.SHjO; 
when the solution of this salt is treated with 
fairly cone. HClAq a violet salt crystallises out, 
having the same composition as the green salt ; 
this violet salt does not begin to lose water at 
120®, it is considerably more stable than the green 
salt. These two salts are representatives of two 
B ubdi visions of th e di visiop praseo-salts ; the 
subdivisions are known as octamine -praseo-salts 
andoetamme-pmyureo-salts respectively. Again, 
in the decamine series; the chloride Coa(NH,),„01, 
is a violet-red i^lid which dissolves in water, 
and when digened with dilute HClAq yields a 
red dichroio powder having the composition 
Coj(NH 3 )ioC 1,.2]^0 ; this salt is very unstable, 
it is changed to the violet-red compound on 
warming or on solution in water ; a solution of 
this salt is not ppd. by Na^P^O^Aq, while a solu- 
tion of the violet-red salt is ppd by this reagent. 
These two salts are representatives of two divi- 
sions of the nEOAMiNE seuies, viz. the purpureo^ 


and roseo-deeammes. Some of the pnrpnre> 
salts crystallise with xPL^O, e.g. 
Oo 2(NH3),3(SO,),.H20 ; but such salts lose water 
witnout undergoing essential change, hence the 
water is water of crystallisation, whereas in the 
roseo- salts the water seems to be rather water of 
constitution. A^ain, there is a compound of the 
purpureo - division of the decamine series, 
Co 2 (NHj)„(S 04)2(N0 s) 2, which is isomeric with 
another compound of the same division, and 
both are isomeric with a roseo-salt of the de- 
mine series. So also in one of the series Of ory- 
cobaltamines, viz. the series Co2(NHj),oBvO.OH, 
J of the radicle R are more firmly held to the 
rest of the salt than the remaining one-fifth. 

It is generally possible to give formulse to 
each series, or division, which shall more or less 
satisfactorily represent the typical reactions of 
the compounds as connected with the arrange- 
ment of the different radicles, and ammonia, 
relatively to the cobalt atoms ; but, considering 
the present state of knowledge of the constitu- 
tion of complex mineral compounds, such for- 
roulffl have little permanent value. 

In this article accounts will be given of the 
leading properties of each class, series, and divi- 
sion, of the ammonio-oobalt compounds, and 
descriptions will be added of the methods of 
preparation of one or two of the best-known 
members of each group; the less-known com- 
pounds will merely be recorded. For details 
concerning individual compounds other than 
those described, reference must be made to the 
original memoirs. (A good account of the 
cobaltamines will be found in the article ' Ko- 
bait ’ in Ladenburg’s HandwGrterbuch der Che- 
viie, 5, 601 et seq.) 

Class I.— COBALTO-AMINE8 or AMMO- 
NIO-COBALTOUS SALTS, M.®NH,; M-co- 
baltous salt, x generally = 6. These salts were 
first examined by H. Rose (P. 20, 147). They 
are produced by combination of NEE, with dry 
cobaltous salts, or adding cone. Nn,Aq to cone, 
solutions of cobaltous salts in absence of air ; 
they are decomposed by heat with loss of NH3 ; 
their aqueous solutions also undergo decomposi. 
tion, especially on warming. 

Ammonio-oobaltous chloride CoClj.GNH, ; 
obtained by adding cone. NH,Aq to cone. CoCljAq 
until the blue pp. wlych forms is dissolved, in 
absence of air, and allowing to crystallise. Red 
octahedra ; unchanged in a closed vessel ; in 
the air, or over H^SO^, or by warming with Aq, 
NH, is separated. Soluble, without change, in 
dilute NHjAq, scarcely sol. in cone. NH,Aq, insol.' 
alcohol. The compound C0CI2.4NH, is formed 
when NH, is absorbed by dry CoCl,; and 
G0GI2.2NH, is produced by heating CoClj.GNH, 
to 420® (H. Rose, P. 20, 147). 

Ammonio-oobaltous nitrate 
Co{NO,) 2.6NH-2H20; obtained similarly to the 
chloride. Bed cr^ctals, which quickly turn 
brown ; decomposed by water with removal of 
NH, (Fremy, A. Ch. [8] 85, 257). 

Ammonio-oobaltous sulphate O0SO4.6NH3 ; 
o*btained by adding alcohol to an ammoniaoal 
solution of GoS04_(Fremy), or by combination of 
dryGoS04 with (Bow). 

The compounds GoBr,.6NH„ G0L.6NH,, and 
GoI,.4NH, are also known (Bammelsbecg, P.88, 
245 ( 48, 155). 
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Clais n.--^XT.OOBALTAMINBB or AM- 
MONIO OXYCOBALTIO SALTS, or OXYCO- 
BALTIAO SALTS, Co,(KH,),^,.OH.O.OH, and 
OOt(NH«)i^«.O.OH, where ■> monoT^ent 
aoi^ radlole. These salts are obtained by the 
combined action of NH, and air on oobaltous 
salts ; when a stream of air is passed ^nto an 
ammoniacal solution of a oob^toas salt, the 
colour of the liquid changes to brown, and if the 
solution is sufficiently cone, the oxycobaltamine 
frMuently separates ; in some oases the salt is 
obmined by adding a salt or an acid to the solu* 
tion obtained as described. The ozyoobaltamines 
generally partially decompose when heated alone 
or in NHjAq, giving off oxygen and forming 
■alts of the octamine (fusco-) series, which, by 
oombination with NHg, form salts of decamine 
and dodeoamine series. The oxyoobaltamines 
are decomposed by warm wat^r with ppn. of 
OotO,.8H,0 or a basic oobaltous salt and 
svolution of oxygen. Dilute acids partially 
decon^pose the oxyoobaltamines of the form 
Oo,(N]a,),fB4.0H.O.OH with production of green 
salts ana separation of water.* The green salts 
thus formed are regarded by Vortmann {M. 
6, 404) as cmhydro-oxycohaltarnines ; e.g, oxy- 
Qobaltamine <^oride Go,(NH,)„Gl4.0H.O.OH 
with oono.HClAq gives anhydro-oxyoobaltamine 
chloride Go,(NH,)j4Gl4.G1.0.0H, thus 
Go,(NH,),4Cl4.0H.0.0H + HGl 
• Cot(NH,)„0l4.Gl.O.OH + HoO. The oxyoobalt- 
amines were formerly represented as containing 
tile group GOgO,; and the anhydro-oxycobalt- 
amines were regarded as acid salts derived from 
the oxyoobaltar^es (Maquenne, 0, 22. 96, 344) : 
the change from the chloride to the anhydro- 
chloiide, for instance, was formulated thus 
0o,0^NH,)„Gl4.H,0 + HCl 
•■CIOjOa^NH,l,*Ci4.01H + HjO. But Vortmann’s 
observation that solutions of the oxycobaltamines 
deduce EMn04Aq and E,Gr,0,Aq points to the 
presence of the group O.OH ; and the formation 
of octamine salts with evolution of ammonia and 
oxygen bv heating ammoniacal solutions of oxy- 
oobaltaxnines confirms this supposition; thus 

C0a(NH,),4(N0,)4.0H.0.0H.H,0 

« 00|(ra,),(NO,)4(OH), + 2NH, + HjO + 0. 
Whether the green salts obtained by the reaction 
Of acids with the oxycobaUamines are regarded 
as acid salts of the oxycobiutamines (Maquenne), 
or as anhydro-oxyoobaltamines (Vortmann), 
in either case I of the acid radicle is repre- 
sented as related to the rest of the salt dif- 
ferently from the other four-fifths; thus the 
nitrate it either Go,mH,)„(NO,)4.NO,.O.OH or 
Co, 0,(NH,)„.(NO,)4.NO,H. If Vortmann’s 
formula for the oxycobaltamines is adopted, it is 
better to regard the green salts as anhydro-ocy- 
ooboltamines. One-fifth of the acid radicle is 
regarded by Vortmann as directly ^sociated with 
the Co atom. The existenoa of amd salts of the 
oxycobaltamines, differing in properties foom the 
axmydro-oxycobaltamines, and very probably 
belonging fo the same as the oxycobalt- 
amines Clo^S[(),0(lKO|)4.OH.O.OH.HNOa)* 
tends to imow tnat w green salts are better 
regarded as anhydro-oxjroobaltamines than as 
a^salts of oxyoobaltamines. 

Series I. Oxt-oobaxaiao salts, or Auuomo- 
m-ooBAiffio SALTS, 0O|(NE|)|»Bi4.OH.O.0H. 


Oxy-cobaltamlne iedids 
Co,(NH,)„l4.0H.O.OH (Vortmann, 3f. 6, 404> 
obtained by adding cold cone. KlAqto an oxidise 
ammoniacal solution of OoOl,. Green needles; 
unchanged in air; decomposed by much H,0 
with evolution of 0. Dilute acids separate I and 
evolve 0; hot oono. HKO, forms luteo-cobalt 
nitrate Go,(NH,)^3(N0,),. 

Oxy-eobaltamine chloride 
Goj(N]ED,oCl4.0H.O.OH (Vortmann, Jtf. 6, 404) ; 
obtained bv dissolving crystals of GoOlj in 2^ 
parts NH^q*S.G. *912, with gentle warming, 
passing air into the cold soliftion until the pp. of 
GoOl^NH,, which forms, redissolves, saturating 
with NH4GI, and adding alcohol ; ppn. is aided 
by rubbing with a glass rod. Greenish-brown 
powder ; very unstable, easily giving off 0, and 
then passing into fusoo-cobalt chloride 
Go,(NH,)4.0l4(OH), (c/. Fremy, A. Ch. [8] 35, 
267;. 

Oxy-oobaltamine nitrate c 

Go,(NH,), 4(N0 j,) 4.0H.0.0H (Fremy, l.c.; Vort- 
mann, l.c . ; Gibbs, P. Am. I. 10 [1876] 1 ; 11, 
1); obtained by leading air into saturated 
Go2N08Aq, to which saturated NH4N0,Aq, and 
5 parts of NH,Aq S.G. *938, have been added. 
Dark brown prismatic crystals. Very unstable ; 
loses water and a little NH, in dry air ; when 
heated appears to form fusco-cobalt nitrate 
Go,(NH,)4(NO,)4(OH),. 

Oxy-oobaltamine sulphate 
Cog(NHs)„jS04)j.0H.0.0H (Fremy ; Vortmann) ; 
obtained similarly to, but more easily than, the 
nitrate. Dark brown crystals ; more stable than 
the nitrate ; heated to 110‘’-120'^ it loses H^O, 
NH„ and 0, and forms fusoo-cobalt sulphate 
Go,(NH,) 4(S04),(0H),. 

Oxy - cobaltamine acid nitrate, sulphate, 
sulphato-ohloride, &o. These salts are obtained 
by dissolving the nitrate or sulphate in cono. 
HNO, or H,S04 respectively, or by dissolving 
the sulphate or nitrate in cono. BpiAq. Their 
compositions are expressed by the formula 
GoJNH,)„(NO,)4.0H.O.OH.HNO„ 

Go, NH,L S04)*.0H.0.0H.2H*S04. 

Co, NH, ,o(S 04)C1,.OH.O.OH.4H01, 
Co,(NH,)„(NO,),ClyOH.O.OH.4H01, 
and Coj(NH,),o(S 04)(NO,),.OH.O.OH.4HNO,. 
These salts are all very easily decomposed by 
heat, giving green salts, the change probably 
consisting in removal of the excess of acid. 

Series IL Anhvdbo-oxyoobaltuo salts, 

or ANHYDBO-OXl-OOBALTAMDnBB, 

Co,(NH,), 3*4.R».O.OH (Vortmann, M. 6, 404). 

Anhydxo-oxy-oobaltamine chloride 
Co,(NH,),oCl4.CLO.OH.H,0 ; obtained by digest- 
ing freshly prepared oxy -cobaltamine chloride in 
cold cono. HGlAq until the colour is green, and 
crystallising from warm dilute HGlAq. Small 
green needle?; stable in air; foses NH. and 
H,0 on warming; e. sol. water, the solution 
rapidly deoomposes ; when a solution in HOIA4 
is boiled, pnrpnreo-chloride, Go,(NH,),.01„ is 
formed ; heated with NH,Aq, purpureo-cnloride 
is formed, along with luteo-chlorido 
Go,(NHa)„01«. Fosns double salts with 
2Pt0l4.6H,0, and 8Hg01,. 

Anbydio-ozy-oobaltamins nitrate 
Co5(NEy„(NO,).NO,.O.OH.H,0 ; obtained by 
adding oxy-cofaaltai^e nitrate to a mixture of 
equal vols. cono. HNO, and H«0, digesting in tiui 







eOId ana tnen warming antil all ia disaoked ; 
on cooling a blue-green finely orystalline pp. 
forma. SI. aol. water, aolution n^pidly decom- 
poses; eolation in dilute acids may be boiled 
without change. 

The other important salts of the anhydro-oxy- 
cobaltanvine aeries are the following 

Sulphate (Co,(NHs),o.O.OH)2(SOJ,.8H20. 

Diohromate (Co3(NHj) , j.0.0H)2(0rj,0,)6.8H,0. 

Chloronitrates 

Co2(NH,)„(N03)2Cl,.01.0.0H.H20,,and 

Co,(NH,),o(NO,)AO.OH.H,0. 

Aoid sulphates 

(CIo 2(NH,) .,.0.0H)2(S04)3.a3H2S0,.nH20 ; 05-1 

and 2, and n - 2 ai^ 3. 

Acid nitrato-sulphate 
Co2(NH,),o(SO,)2(NO,).O.OH.H„SO,.H20. 

Class III.— OOBALTI-AMINES, or AMMO- 
NIO-OOBALTIC SALTS Co2(NII,)^*, ; 05 = 6. 
8, 12. This class comprises by far the 

greater number of the ammonio-cobalt salts. 
It is divided into ?our series, and some of these 
are again subdivided. The series are; 

(i.) Hexamines Co^{NHi,)«B.j. 

(ii.) Octamincs Co2(NH3)sRfi. 

(iii.) Dccamvies Co^(NH.,),oRa. 

(iv.) Dodecamines Co2(NHa),3a. 

Series L Hexaminks, or IIexammonio- 
coBALTio SALTS Co2(NHs)uR*,. Also Called 
dichro-cohaltic salts. These salts are very un- 
stable ; they are readily decomposed by potash. 

Hexamine chloride Co2(NH3),Clo.H20 (JDi- 
chrocobaltic-chloride). Octamine cobalt car- 
bonate, Co 2 (NH,)s(OOj) 8, is obtained by dissolv- 
ing CoCO, in NHjAq in presence of {NH4).3C03, 
exposing to air for some time, evaporating on 
water-bath to a small volume, adding {NHJoCO., 
and evaporating again; this salt is dissolved 
in NHjAq, (NHJjOO., is added, and the solution 
is evaporated to dryness on the water-bath; 
evaporation after addition of a little water and 
(N^JjCO, is repeated two or three times ; the 
crude carbonate thus obtained is treated with 
dilute HClAq ; the turbid liquid is heated nearly 
to boiling, and then quickly cooled, when the 
hexamine chloride separates as small green 
crystals (Vortmann, B. 10, 1451; 15, 1890). Crys- 
tallises from neutrd solution in green crystals, 
appearing almost black when large ; crystallises 
from acidified solution in red -brown tables. 
Dichroism is best seen by evaporating a drop of 
solution of salt on an object-glass, and examin- 
ing under microscope. Water is not completely 
removed at 120®. Fairly soluble in water; on 
warming solution becomes violet, and contains 
octamine purpureo-chloride Co2(NHj)gClg.2HjO 
which may be ppd. by QOl ; solution in HClAq 
on wanning gives pp. of decoiluno purpureo- 
chloride Ooa(irH8),o01#- Forms -u double salt 
with HgCl,. 

The chiefs salts of the hexamine s&ries, 
besides the chloride, are the following : 
M-CojfNH,),. 

Batio oarbcnate M.(OH),(CO,)j.3H,0. 

Nitrates M.(NO,),.8H3(i; and 
M.(N0,),(0K>,.2H20. 

Sulphate M.(SOJ,.6H,0. 

Nitnve M.(NOj). (Erdmann, J.pr. 97, 406). 

Series Ii. OcTAMiinie, or OoTAimoiao- 
poBALTxc sALTi C0t(NH«)3R^. The salts of this 
VoL. IL 


series are arranged in three divisipns, the ptaseo; 
the/iMco-, and the croeeo- cohaltic salts. 
Division L Praseo-oobaltic salts, 
Praseo-cobaltic chloride Oo3(NH3)3Gl3.2H30 

g ^ortmann, B. 10, 1461; 16, 1890; F. Rose, 
ntersttchungen liber ammomakalische Kobali’ 
verbindgmgen [Heidelberg, 1871]). This salt 
exists in two modifications generally known 
as praseo-cobalUe chloride and octamme-pur- 
pmreo-cobalt chloride, respectively. Praseo- 
ohloride forms green lustrous crystals; e. sol. 
water, the solution readily decomposes, turning 
violet, and ECl then pps. decamine-purpureo- 
chloride Co,{NH,),oCl„.2HjO ; dried at 100® 
this salt becomes anhydrous. Ootamine- 
purpureo-ohloride forms deep violet octa- 
hedra ; does not lose any H^O at 120®. 

The praseo-saltis generally found in the 
mother-hquor when any cobalt salt is exposed 
to air in preseiice of ammonia, and the solution 
is ppd. by HCl ; it is separated from such liquid 
by addition of NH,C1. The pp. is separated 
from admixed decamine-purpuroo-chloride by 
washing with alcohol, drying, dissolving in cone. 
H^SO^, and carefully ppg. by HClAq added drop 
by drop ; it is then dissolved in ice-cold water, 
and at once ppd. by a little HClAq. 

The purpureo-salt is obtained by oxidis- 
ing an ammoniacal cobalt chloride solution in 
the air, evaporating to a small bulk after addi- 
tion of (NHJjCOa, filtering from ppd. luteo* 
chloride (Co2(NHj)„Cl,) and allowing to stand. 

When a praseo-ohloride solution is warmed 
with fairly dilute HClAq, a violet liquid is ob- 
tained, from which octamine-purpureo-chloride ■ 
separates on cooling. When cono. H^SO^ is 
added to an aqueous solution of the purpureo- 
chloride crystals of the praseo-salt gradually 


I Praseo-chloride forms two double salts 
j with HgClj, viz., M.HgOl, and M.2HgCl2. Pur- 
' pureo-chloride forms the double salts 
' M.6HgCl2.2H,0 and M.SHgClj.HjO ; where M = 

' Co2(NH,)8C1b* When a solution of octamine 
carbonate, formed as described under hexamine 
' chloride {v. supra), is ppd. by cold HClAq, small 
I red crystals are obtained ; these have the oom- 
i position Co2(NH,)gCl,.2H,f0.2H20 ; at 120® the 
i crystals lose 2H2O, becoming octamine pur- 
' pureo-chloride. This salt is usually known as 
octamine roseo-dobalt chloride; it forms 
a double salt Co2(NH,)HCl«.2Hp.6HgCl,.3H30. 

The two salts, praseo-oobalt chloride and 
octamine-purpureo-chloride, are isomeric ; in 
I the second the two molecules of water are more 
1 firmly held to the rest of the salt than in the 
' praseo- compound. The roseo-chloride differs 
from the two others by containing two molecules 
I oL water loosely held to the rest of the salt. 
Each of these salts is the representative of a 
subdivision of praseo-cobaltic salts ; the 
praseo’salts froper^ the octamine j^rpureo-saUs, 
and the octamine roseo-salts. The chief salts 
in these subdivisions are the following »— 
M-Co2(NH,),. 

* Praseo-cobalt ohromato-ohloride 
M.Cl,.Cr20,.H20. 

Praseo-oobalt nitrato-ohloriae 
M.C1,.(N0,)2.2H20. 

Octamine purpureo-oobalt ohronate 
M.(Cr0J,.2H30.2IIA 
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OoUmineHparpiureo-oolwlt iulpliaM 
M.{S04),.2H,0.2H,0. 

OoUmine roseo«oobalt inlphate 
M.(S0J,.2H,0.4H-0. 

Octamiae cobalt oarbonataa M.(G0,),.8H,0; 
and M.(C0,),^C0,.2H,0. 

Ootamine cobalt Bulphato-oarbonate^' 
M.(C0,),S04.8H,0. 

Ootamine cobalt nitrate M.(N 0 a)a. 2 H 20 . 

Divieion IL Fuseo-cobaltic taltt 
(Frexny, A. Ch. [8] 85, 267). These compounds, 
which are basic salts of the ootamine series, are 
obtained from the brown liquids formed by 
allowing ammoniacal cobalt solutions to stand 
for a long time in air ; they are also formed by 
decomposing ozj^-oobaltamines by water. They 
are non-orystallisable ; alcohol, or passage of an 
ammonia'Stream, pps. them from their solutions. 
Boiled with water, especially if ^Ikali is present, 
they are decomposed with separation of 
Co 2D,.8H,0. ^e chief salts are the following : 

Tnioo-cobalt chloride M.GI 4 . 2 H 2 O. 

Fuico>cobalt nitrate M.(NO,) 4 . 2 H, 0 . 

Fuseo-oobalt sulphate 

Division III. Croceo-cobaltic salts. 
These compounds, which are tetra-nitro-deriva- 
tives of the praseo-salts, are produced by the 
action of ammonia and nitrous acid (or ammo- 
nium or potassium nitrite) on solution of 
Co2NO, or CJ0SO4 ; dark -coloured solutions are 
thus formed, from which the oroceo-salts separate 
in yellow crystals mixed with Co(OH)j. 

Croceo-cobaltio sulphate 
Coj(NH,)s(N 0 j) 4.S04. Prepared by adding NHjAq 
and (NH4)N02 to CoS04Aq, and recrystalliaing 
from hot dilute HjSO^Aq, Yellow lustrous 
tables ; large wine-red crystals from dilute solu- 
tions. 81. sol. hot or cold water. The other 
important croceo-salts are represented by the 
following formulffi, where M = Coj(NH 3)«(N02)4 ; 
Chloride M.Cl, ; forms double salts M.Cl,.PtGl4 
and M.Cl,.2AuCl, ; Bromide M.Br2; Chromate 
M.C5r04; Dichromate M.CrjO,; Nitrate M.(NO,),; 
PeriocUde M.I2.I4. 

Series III. Dxcauinbs, or Decammonio- 
OOBALTXO SALTS, GO,(NH,),^a. This series 
contains very many compound ; these com- 


the roseo-salta; they are changed to the lattii^ 
by long-continued warmly in presence of water, 
by long-contianed digestion with dilute acids at 
the ordin^ temperature, or. generally by pro- 
cesses which result in hydration, but not merely 
by solution in wdter and crystallisation. The 
zantho-salts bear a somewhat similar relation 
to the purpnreo-salts that the orooeo-compounds 
of the ootamine aeries bear to the praseo-oom- 
pounds of the same series ; the xantho-salts are 
dinitro-derivativeB of the purpureo-salts, the 
croceo-salts are tetra-nitro-derivatives of the 
praseo-salts. * 

Division I. Boseo-cobaltio salts. 
These salts are obtained as products of the de- 
composition of the oxy-eobaltamines, from 
aqueous solutions of which they are ppd. by 
acids in the cold. They are obtained from pur- 
pureo-salts by long-continued digestion with 
dilute acids, or, more readily, by treating these 
salts with alkalis, e.g. dilute solution of Njpi, or 
NaOH, AgjO and water, or BaGO,— and subse- 
quent saturation with acidl. The roseo-salts 
form red to peach-coloured crystals, which ex- 
hibit dichroism ; they are fairly easily soluble in 
water; their ammoniacal solutions are decom- 
posed on boiling with ppn. of GojOg.BHaO. 
These salts lose water by treatment with cone, 
acids, and form purpureo-salts. Boseo-salts in 
solution give a pp. of roseo-pyrophosphate on 
addition of sodium pyrophosphate; potassium 
ferrocyanide also gives a pp. with these salts ; 
these reactions serve to distinguish roseo- frorc 
purpureo-salts (JOrgensen, J. pr. [2] 81, 49) 
The roseo-salts show many analogies — e.g. ii 
crystalline form, methods of formation, an< 
general reactions-— with the dodecammonio- (0 
luteo-) salts Go2(NH,),jB*4. Jdrgensen (J. pt 
[2] 81, 49) regards the roseo-deoamines as luteo 
salts in which 2NH2 is replaced by 2H2O. Boseo 
chloride, nitrate, oxalate, dfcc., in aqueous solution 
react with BaCl^Aq and Ba{NO,)2Aq to give onl 
roseo-salts. Boseo-ohloride is sofuble in 4*^pt( 
water at 10®, while purpureo-chloride require 
287 pts. water for solution at 10®. Aqueous s( 
lutions of the two chlorides often give differei 
compounds by reacting with the same re- agent 
e.g.: 


With PtGl 4 , xoseO’ChUmde gives M.Cl,.2PtC1..5H20 ; andywfjwreo-cWoride gives M.Gl,.2PtOl4* 
„ AuGl, „ « » M.Gl4.2AaGl2.2^0; n n •• M.Cl,.2AuGl,. 

„ (NHJA04n « M.(G,04)„6HP; „ « „ 

M» Go2(NH,),^ 


pounds are well-marked and stable bodies, fre- 
quently obtained from cobaltamines by decom- 
posing these by acids. The series is arranged in 
three divisions: the roseo-, the purpureo-, 
and the xantho-salts. The following are 
typical representatives of these divisions ; rq^eo- 
cobaltic chloride Go,(NH,)„Gl,(H,0)2 ; purpureo- 
eobalHc chloride xantho-cobaltic 

cKhride Co-(NH,),,(NO,),Clf. The roseo- and 
pnrporeo-sslts dinW in uie quantities of water 
they contain, the purpnreo-salts are generally 
anhydrous, the roseo-scJts usually eontain 2H2O; 
inasmuch as these salts form ver^ distinct com- 
pounds wi^ different properties, it seems neces- 
sary to conclude that the 2H2O of the roseo-salts 
is not water of crystallisation, but forms an inte- 
part of the molecule of each of these salts, 
purpureo-salts grelesi soluble In water than 


Eoseo-cobaltlo chloride Co2(NH,)„(H20)2C 
jdrgensen, J. pr. [2] 18, 209; M, 49; Gibbs 
Genth, Researches on the Ammonia-eobalt bos 
(Washington, 1866] ; Mills, P. M. [4] 85, 24 
Geuther, Lehrbuch degr Chemie, 442). Obtain 
from an ammoniacal solution of GoUl, by oxid 
ing in air, Or by EMn04Aq (Mills), and pi 
by HGl, avoiding rise of temperature; also 
digesting purpureo-chloride (q^v.) with dih 
HGlAq, or by dissolving the same salt in NH» 
and ppg. by HCl in the cold (Jorgensen, 1. 
Geuther, lx.). A red, dichrofc powder, appearj 
crystalline under t^e microscope. Loses 2£ 
at 100®, giving purpureo-chloride. Soluble 
4*8 pts. water at 10®, Very unstable, easily go 
to purpureo-chloride. Forms a gold salt, M.2Aui 
by reaction with AuGl^NaGl : forms three Pt sal 
M.PtGl«.2H,0, M.2PtGl4.H20, and M.8Pt046| 
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(iBigtiuai, U.); forms tvo Hg s«Us ; M.2HgOL 
tnd Iif.6HgClr2H,0 (JOrgeasen, tcj. 

thoDS (Lc,) dmcnhcs a, yellow form of rosea- 
chloride obtained by decomposing the yellow 
fonn of roseo-sulphate (g. v.) by BaC^Aq; this 
form does not yield purpureo-chloride by reaction 
with HClAq. 

Roseo-oobaltio sulphate 

Co 2 (NHj), 0(^0)2(801), .3H.^O (Fremy, A. Ch. [3] 
35, 267 ; Gibbs a. Genth, Researches on the Am- 
monia-cobalt bosM^ashington, 1866] ; Gibbs, 
P. Ani. A. 10, 1 ; 11, 1 ; Braun, A. 138, 109 ; 
142, 60 ; Jorgensen, J. pr. [2J 31, 49 ; 35, 417). 
Obtained by adding the proper quantity of 
H2S04Aq to a solution of roseo -carbonate, and 
evaporating over H,SO„ or ppg. by alcohol ; the 
roseO'Carbonate solution is prepared by dooom- 
posing purpureo-chloride or bromide by Ag^CO, 
(Genth, A. 80, 275; Claudet, P. M. [4] 2, 253; 
Jfirgtnsen, J. pr. [2] 18, 209 ; 19, 49). Roseo- 
sulphate forms reddish crystals ; soluble in 
91-0 pts. water at 17°, and in 58 pts. water 
at 27°. Two other forms of the sulphate are 
described by Gibbs a. Genth (P. Am. >4. 10, 1 ; 
11, 1) ; they differ chiefly in solubility from ; 
the ordinary form. An acid ro.'-eo-snlphate ' 
Co2(NHJ,„(OH),(SO,),.2H,SO,.H,0 is described | 
by Fremy (lx.) (v. also Jorgensen, l.c.). The 1 
normal sulphate forms a gold and also a Pt salt: ! 
M.(SO,)2Cl2.2AuCl, and M.{SO,)2Cl>.PtCl, (Jdr- 
' gensen, l.c.) [M- Co2(NH,),0(OH,J.J. 

The chief salts of the roseo- division besides 
the chloride and sulphate are represented by the 
following formulas, where M = Co2(NH3),0(n .O)^:— 
Dichromalc, M.(Cr20,)3.3H20 (Gibbs). Bromide, 
M.Br^ forming Pt salts with 2PtBr,.2Hp, and 
3PtBr^.4B[20 (Jorgensen). Iodide, M.I„ (jdrgen- 
son). Nitrate, M.tNO,), (Gibbs; Jorgensen); 
forming a Pt salt, M(NO.,)2Cl,.2PtCl,.2H.20. 
Nitrato-sulphate, M.(NO,)2(SO j, (J.). Oxalate, 
M.(020da.4H20. Sulphato-oxalate, 
M.(|;20,)2{S0J.S0,.2H20 (Gibbs a. Genth). 
Orthoplwspluites, M.(PO J2-H3P0^.4H20 ; 
M.(0H)2(P0 jH) 2.2H20 (J.). Pyrophosphates, 
M.2.(P20,),.12H,0 ; M.(P20,H)2 (J.) ; also 

M.(K0;Na)2.28H„0 (Gibbs, Braun, Porumbaru, 
C. R. 91, 933 ; 93, 342). Brotno sulphate, 
M.Br2(S04)2; formsagold salt M.Br2(SO,)2.2AuBr, 
(J.). lodosulphate, M.l2(S04)2(Krok,.4cto*(/Mivers. 
Lund, 1870). Sulphite, M.(S0,)3.3H,,0 (Gibbs) ; 
forming a double salt M.(S03)3.Co3(803)3.9H20 
(Kiinzel, J,pr. 72, 209; Geuther, l.c.). 

Division II. Purpureo-cobaltic salts. 
Co2(NH,),0R*a. These salts are the most stable 
of all the oobaltamines. They are formed from 
the roseo-salts by heating with cone, acids, or 
sometimes by continued •digestion with oono. 
acids in the coM ; also by the actiogi of acids on 
fusco- and xanlao-cobaitic salts. The purpureo- 
salts are generally anhydrous ; they are less 
soluble in water^than the roseo-salts, into which 
salts they are changed b^ prolonged digestion 
with dilute acids. Solutions of purpureo-salts 
are decomposed by boiling with alkalis, giving 
pps. of Co20g.3Hp* These* salts probably con- 
tain two acidic radicles more closely asso- 
ciated with the rest of the salt than the other 
four radicles; e.g. they form xantho-salts 
; again, chloro-pui’pureo-sul- 
phate Co2(NH,)„Clj(S04)4 does not give HOI 


with oono. H^SO*, nor is it ppcf by AgNO,Aq 
I even on warming (JSrgensen). It is convenient 
( to consider the purpureo-salts in four main sec- 
tions: iUchkropurpureo-salts Co,(NH,),„CL.Rr . 
the bromopurpureo-saits Co^fN^^Br-Ja^T the 
Oo2(NH,),;mo,)2.Bx^, and 
the sulphato-purpureo-salts Co2(NH,),0(SOJ.Ri 
Chloro-purpureo-oobaltic chloride 
Oo2(NH3),0Cl2.Cl4 (Mills, P. M. [4] 86, 246; 
Porumbaru, C. B, 91, 983 ; 93, 342 ; Genth, A. 
80, 276; Claudet, P. M. [4] 2, 263; Terreil, 
C. B. 62, 139; Braun, A. 138, 109; 142, 60). 
This salt is formed when an ammoniacal solu- 
tion of C0CI2 is allowed to oxidise in the air; 
boiling with excess of HClAq pps. the salt as a 
carmine-red powder. The reaction of HClAq or 
NH^ClAq with very many oobaltamines pro- 
duces this salt. Instead of oxidising OoCl, in 
I NHjAq in air, •which process takes a long time 
to accomplish, it is advisable to use KMn04Aq 
(Terreil), bleaching powder (Mills), or ozonised 
turpentine or in^go-blue (Braun). Chloro- 
purpureo-ohlorid^ is a carmine-red crystalline 
powder ; in larger crystals it appears carmine- 
red to black ; these crystals are tetragonal 
pyramids, isomorphous with roseo - chloride ; 
they are dichroic ; S.G. ^ 1-802 ; sol. 287 pts. 
water at 10-2°, 255 pts. at 11-6°, and 244 pts. at 
15‘5° (F. Rose) ; insol. alcohol according to 
Fremy (.4. Ch. [3J 35, 267). An aqueous or 
alkaline, but not an acid, solution, pps. 
CO3O3.3H2O on boiling. Heated in air CoCl, 
and Co are obtained ; at a higher temperature 
I with free access of air C08O4 is produced. Many 
double salts of ohloropurpureo- chloride are 
! known, e.g. M.Cl4.2PtCl4 ; M.CI4.2AUCI. ; 
M.Cl4.6HgCl3 ; MlSiFJ, [M Co,(NH3),0Cy . 

The other chief salts of the ohloropurpureo- 
section of purpureo-cobaltic salts are the fol- 
lowing ; — 

M-Co3(NH,),0C1,. 

Bromide,VL.BTp, doublesalts, M.Br4.2PtBr,* 
(M.Br4),.9HgBr3. 

Iodide, M.L; double salts, M.L.4HgI« 
M.l4.2Hgl3. 

Carbonates, M.(C0,)j.9H30 ; M.(CO,),.H,0. 

Chromate, M.(CrOjj(J6rgensen, [2] 18, 
209). 

Dichromate, M.(CrjO,)j (J5rgensen). 

NitraU, M.(NO,)4 

Oxalate, M.(C204)2 (J.). 

Pyrophosphates, M.(P20,).a;H20 ; 
M.(P20,).H,P202 (J.); double salts, 
M.(2P04H.6Mo03), M.(2P04NH4.5MoO,) (J.). 

Sulphates, M.(S04)2.4H.0; M.(S04),; 
M2.(SO4).(HSO4)0 (J.). 

Dithionate, M.(S20a), (J.). 

Thiosulphate, ^.(SaO,)* (J.), 

tartrate, (J.J. 

Bromo-purpureo-oobaitio bromide 
Co2(NH,),»Br2.Br4 (Jdrgensen, J. pr. [2] 19, 49). 
Obtained by oxidismg ammoniacal CoBr,Aq and 
heating with HBrAq; or by heating roseo- 
sulphate with oono. HBrAq, and in other ways. 
Blue-violet, dichroic, miorosoopio ootahedra; 
from solutions in very dilute HBrAq separates 
as large black octahe^. S.G. ^ » 2-488. Less 
sol. water than the chloride ; 1 pt. dissolves in 
680 water at 16°; insol. HBrAq, KBrAq, and 
alcohol, but si. sol. in wiurm water acidulated 
with HBr, long digestion with tiiis liquid pro* 

q9 



OOBJlLT>VMIT*r». 


m 

daoee roseoo^omide ; deootnposed to bromo- 
purpureo-cWoride by digestion with excess of 
^gOl ; ^0 ox AgjGO, produces solutions of roseo- 
nydroxide and carbonate respectively. Forms 
double salts, M.Br<.6HgBr- ; M.(SiF,)j; 
M.Br,.2PtBr, [M « Co,{NH,),^rJ. 

The following are the chief salt/ of the 
brmnopur^reo- section of purpureo-oobaltic 
compounds : 

M«Co,(NH,)„Br^ 

O^Zoruf^.M.Gl^; double salts, M.Cl4.2PtCl4, 
lf.Cl4.6HgCl2 (J.). 

Chromatcy M.(Cr04), (J.). 

Nitrate, M.INOg)^ (J.). 

OxaUte, M.(C,04), (J.). 

Sulphite, M.(S 04 ), (J-)* 

Dithionate, (J.). 

Kitrato-purpureo-cobaltic nitrate 
Co,(NH,)„(NOJ 2.(NO,)4 (Genth, A. 80, 276; 
Fremy, A, Ch. [3] 35, 267 ; Gibbs, Researches, 
Ac.; also P. Am. A. 10, 1 ; 11, 1). Obtained by 
dissolving CoCO, in the minimum of warm 
dilute HilOjAq, adding twice the volume of 
cono. NHjAq, boiling with addition of 127 ms. I 
for every 69 pts. Co used, filtering after I is all 
dissolved (from ppd. luteo-salt), and warming 
the filtrate with HNOjAq, whereby I is changed 
to HIO, and the nitrato-salt separates out (Jor- 
gensen, J, pr. [2] 23, 227). Bed powder with 
shade of violet ; 1 pt. dissolves in 273 pts. water 
at 16® ; decomposed by boiling with water, giving 
Oo, 0,.8H20. The nitrato-salts are more easily 
changed by hot water to roseo-salts than are 
tibie ^loro* and bromo-purpureo salts. Basic 
nitrates are known; Co.(NH3),fl(OH)2(N08)4.6HjO 
(Gibbs); and Co2(NH,),o(OH)(NO,)j (Kiinzel, 
J.pr, 72, 209). 

The following nitrato-compounds form the 
mere important members of the section : 

M-Ca2(NH,),o(NO,)2. 

Chloride, double salts, M.Cl4.2PtCl4, 
M.Cl,.2HgGl2 (J.). 

Bromide, M.Br, (J.). 

Chromate, M.(Cr04),. 

Bichromate, U.{Cr,OX.2Efi (J.). 

Oxalate, U.{CjO^)^ (J.). 

SulpkaU, M.{S04)2.2H20 (J.). 

BithimaU, M.(S20«)2.2H20 (J.). 

Biamine-fiobalt nitrite M.2[Co,(NH,)4(NOj),] 
(J.). 

Bnlphato-purpureo'cobaltic sulphate 
Co.{NH,),,(SOJ.(S 04)2.H20 (Gibbs, P. Am. A. 
10, 1; 11, 1; Jorgensen, J. pr. [2] 31, 202). 
Obtflined by adding alcohol to an oxidised 
ammoniacal solution of C0SO4 (Gibbs), or to a 
2^p.o. aqueous solution of the acid sulphate 
Co3(NEy , o(S 04).(S04[S04H]2).4H20 (J.). Violet- 
red, microscopic, diehrmo needles ; v. sol. 
water, from which solution roseo - sulphate 
separates on evaporation. Forms a Pt salt, 
Co,(NH,)„(S04).S0..04PtGl4.2Q»0. The chief 
sulphatO’sdlts are we following : 

M-Co^aUSOJ. 

Bromide, M.(SOjBr, (J.). 

NUrate, M.(804)(N0,)4 (J.) 

A tew other pnrpureO'OODaltio salts are known 
besides those belonging to the four sections 
already described ; t^^efare 

Purpureo-cobaltic iodide, 
Co,(HHJ,AJ4 (J.. [2] 81, 262). 

Burpureo-oobaltic ohromai 


ohromate aod di- 


chromate, Co4(NH8)||(OH),(Cr04)|, 
Co»(NHj),o(Crj,0,),.H80 (Gibbs). 

Division III. Xantho-cobalHc saftl. 
These salts are derived from the purpureo* 
compounds by replacing one-third of the acidic 
radicle by the group NO,; they may be called 
nitro^purpureo- salts, Go,(NHj),34.(N02),. These 
salts are produced by the action of nitrous acid 
or nitrites on ammoniacal solutions of cobaltoua 
salts, or on neutral or acid solutions of purpureo- 
or rosco-oobaltio salts. The xantho-salts are 
yellow or brofirnish yellow; they are more soluble 
in water, and more easily ddbomposed b^ water, 
than the other salts of the deoamine series. By 
reacting with mineral acids they form purpureo- 
salts. The following are* the chief xantho- 
salts : — 

(Gibbs a. Genth, Researches on the Ammonia- 
cohalt basses [Washington, 1866]). 

M = Go2(NH,),o(NO,),. 

GATonds, M.CI4; double salts, • 
M.Cl4.2AuCl8.2H,0 ; M.Cl4.2PtCl4.2B(,0 ; 
M.Cl,.4HgCl2.2H20. 

Iodide, M.I4. 

Chromate, M.(0rO4)3.2H,O. 

Bichromate, M.(Cr20,),. 

Oxalate, ^1.(0.404),. 

Sulphate, M. (804)5. 

lodosulphate, M.l5(S04). 

Nitrate, M.(NO,)4. 

Chloro-nitrate, M.CyNO,),; double salts, 

M.Cl5(NO,)5.2AuCl, ; M.CL5(NO,)5.PtCl4. 

Bromo-nitrate, M.Br2(NO,),. 

Nitrite, M.(N0,)4.4H,0 ; double salt, 
M.(NO,)4.2(Co.(NO,),). 

Series IV. Dodkcamines, or Dodkoam- 

MONIO-COBALTIO SAIiXB, OX LuTEO-COBALTIO SALTS, 
Coj(NH,),j3*g. These salts are formed, along 
with other cobaltamines, by the oxidation of 
ammoniacal solutions of oobaltous compounds, 
especially in presence of much salammoniac ; 
they are also produced by treating f usco-cobaltio 
salts with dilute acids, and by boiling rosqo- or 
purpureo-cobaltic salts Avith ammonia. The 
luteo-salts are yellow to bronze-yellow in colour; 
easily crystallisable ; generally more soluble in 
water than the corresponding roseo-salts. Acid 
solutions of these salts are stable ; aqueous and 
alkaline solutions are decomposed on boiling 
with ppn. of COjOg.SHjO. Those luteo-salts 
which contain water of crystallisation effloresce 
in air or over H^SO^ in vacuo. The Inteo-salts 
are closely analogous to the roseo-salts of the 
deoamine series, Co2(NH,),o(OH,),R,; the crys- 
talline forms of many luteo- and roseo-salts are 
the same; the solubilities are similar; both 
series of salts give similar pps. with K4Fe(GN),4Aq 
and NafPjOrAq ; haloid salts of both series are 
decomposed by Ag salts giving up the whole of 
their halogSn. Ai^onia reacts differently with 
the two series; the roseo-salts are dissolved 
with formation of basic compounds, while the 
luteo-salts are unchanged. Jfirgensan (/. pr. [2] 
81, 49) regards the luteo-salts as roseo- com- 
pounds in which 2H,0 has jeen replaced by 
2NH,. c 

Inteo-coboltic ehlorids Go,(NHt)„GI, (Mills, 
P. M. [4] 86, 246; Genth, A, 80, ^6 ; Braun, 
A. 188, 109 ; 142, 60; JOrgensen, /. pr. [2] S5, 
417). Obtained by heating an ammoniacal 
solution of Ck)C8, in preiesee of KH«G1 aoA an 
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dfkidisar inoh M PbO„ MnO„ or EMnO^ ; also by 
digesting porpmeo^ddoride with to 

60°-60® in a closed tube, and in*other ways. 
Bed-yellow, dichroio, monoelinio crystals ; S.G. 
1*7016 at 20*^ ; when dry it is unchanged in 
air at 130° ; soluble in 16*8 parts water at 11*4^ 
(F. Bose) ; crystallises from hot water on cooling; 
aqueous solution is ppd. by alkali chlorides, 
mineral acids and alcohol ; unchanged by heat- 
ing with cono. HOlAq at 100° in a closed tube ; 
ilowly decomposed by heating with NH,Aq, 
more rapidly by KOJ^Aq. Forms various double 
salts of which the chief are M. 2AuGi3 
M.2PtCl,.HjO, M.PtGl,.2H40, 


M^. 8 PtCl,. 4 H, 0 , M. 2 HgGl,, 
M.6HgCi3.2£LO, M.9lan01,.10H20 (J.; also Braun) 
[M-COj(NH,),3C1J. 

Luteo^obaltio sulphate 

Cos(NH,), 2(S04),.6H,0. Obtained by passing air 
for sime di^s into an ammoniacal solution of 
C0SO4 and CoClj m^ed with NH4GI, treating the 
yellow pp. of luteo-ohloride and sulphate which 
forms with hot water, adding Ag„S04 a few 
drops of HaS04Aq to the solution, and crystal- 
lising by evaporation (Gibbs a. Genth, Besearchest 
&c.). Also by rubbing together luteo-chloride 
and AgjO with water, filtering, acidulating the 
filtrate with H2SO4, and evaporating (Jdrgensen, 
J. pr. [ 2 ] 36 , 417 ). Yellow, rhombic, dichroio, 
crystals ; slightly soluble in cold, more soluble 
in hot, water ; loses 4 H^O over HaS04 ; aqueous 
solution is only slowly decomposed on boiling ; 
not ppd. by acids from aqueous solution. Forms 
double salts with sulphates of Co and La; 
M. 3 LaSO,.HjO, M.SCeSO^.H.O, M.Ce..(SO,),.II ,0 
(Wing, Am. S. 49 , 3 G 3 ). [M - Co,(NH,),,(SO,),]. 

The chief lutco-salts besides the chloride and 
sulphate are the following M^~COj(NH,),2. 

Carbonate, M.(COj)j. 7 H .,0 (Gibbs a. Genth, 
Researches, &c.). 

Chromates, M.(Cr04),.6H20 (G. a. G.). 

^jDichrotnate, M.(Cr20,)3.a:Ho0. 

J 3 ro»uV?«, M.Br, ; double salt, 
M.Br4.2PtBr4.2HjO (Jorgensen). 

Iodide, M.I,(J.; G. a. G,). 

Nitrate, M!(N 0 ,) 8 ; double salt, 
M.(N0,),.Cl4.2PtCl4.2H.40 (J.; also Fremy, A.CA 
[8] 86, 257 ). 

Nitrato-siilphate, M.(N03),.(S04)j (J.). 

Oasalate, M.(0204)v4H,0 ; double salt, 
M.{C204)j.Cl,.2AuCl,.4H30 (G. a. G.). 

Phosphates, M.(P04)2.8Hj0 (J.) ; 
M.(P 04 H),. 4 Hj 0 (J.); M.(P. 40 ,Na),. 23 H 20 (J.); 
M.(P. 40 ,),. 20 H, 0 ; M.(P., 0 ,H)., (J.). 

Chloro-sulphate, M»(S04)2.Cl2 ; double 
salts, M.(S04).,.CL.2AuCl4, M.(S04)j.Cl2.2HgCl, 
(J.; G. a. G.« Sohiff, A. 123 , 1 ; 121 , 124 ; 
Krok, Acta Univ. Lund, 1870 ). 

Bromo-suldhate, M.(S04)2Br« (J.); doable 
•alt, M.(S 04 )aJBr 2 . 2 AoCl,. 

lodo-stUphaU, M.(S04)^ (Erok). 

Double salts of nitric, sulphite, and di- 
ihionate, M.(NOa),.Co,(NOJ, (Sadtler, Am, 
5 . 49 , 198 ); M.(S 6 ,),.Co,(BO,),. 2 H ,0 (Geuther, 
A. 128 , 168 ; Eflnael, J, pr, 72 , 209 ) ; 
M.(SO 0 ,. 2 Co,(SO,),. 16 H/) (Geuther, Efinael); 
21 :M.(S,OJ^(OH) j. 0 ^ 8 .O,)r(OH), (G.i also E.). 


COBALTAMINES NOT INCLUDED IN ANT 
OF THE FOEBGOING CLASSES. 

Erdmann’s salt Ooj(NH04(NO^,E, (Brd- 
mann, J. pr. 97, 406). Brown, lustrous, prisms, 
separating from a solution of G0O4 in presence 
of much*NH4Cl on addition of KNO^ Solutions 
of this salt give pps. of analogous compositions 
with solutions of many metallic salts, e.g. of 
Pb, Hg, Ag, T1 (Gibbs, P. Am, A. 10, 1 ; 11, 1). 

Melano-oobaltio chloride 
Co2(NHj),.NH30LOl4 (F. Bose ; Vortmann, B. 10, 
1461; 16, 1890). Greyish violet, very hygro- 
scopic, crystals; obtained by oxidising an am- 
moniaoal solution of a cobaltons salt, adding 
HGlAq, filtering after an hour or so from pur- 
pureo-chloride, and dropping the filtrate into an 
equal volume of ice-cold fuming HGlAq. This 
compound forms double salts, and derivatives, 
especially M!»Cl4.PtCl4, M.(OH)j.01yPtOl4, 
M.(0H)j.Cl2.8HgCl2.H20 (Vortmann). 
[M-Coj(NH3)8.NH,C1.]. 

Ammonio-oobaltio oxychloride 
Co,(NH,)20,C46HtO (Fremy, A. Ch. [8] 86,267). 
Black crystals ; obtained by exposing ammo- 
niacal CoGl^Aq to the air for some months, 
boiling with NHjAq, filtering from purpureo- 
chloride, and boiling again. M. M. P. M. 

COBALTATES. When CoO, Co(OH)2, or 
CoCO, is dropped into 6-8 parts molten potash, 
a blue colour is formed which after a time 
changes to brown ; if fusion is continued until 
dark-coloured crystals begin to form, the 
mass is then allowed to cool and treated with 
water, thin, black, lustrous, six-sided tablets 
remain. These crystals have the composition 
(Co.,05)3.Kp.ajH20 ; according to Schwarzenberg 
a; >= 3, or if the crystals are dried at 200° a;>»l 
(.4. 97, 212; also Mayer, A. 101, 266). Von 
Pebal (il. 100, 267) says that all water is re- 
moved at 100°. The crystals of potassium 
cobaltate are insoluble in water; they are de- 
composed at a little over 200°, water then dis- 
solves out KjO and GOjO, remains. Mayer {lx.) 
says that long-continued washing or boiling 
with water removes potash from the original 
crystals, and that dilute HGlAq removes Co 
(c/. also Russell, Pr. 32, 268). M. M. P. M. 

COBAITI-CYANIDES and COBALTO-CTAN- 
IDES V. Ctanioes. 

COBALT COLOUlaNG HATTERS. Addi- 
tion of a Go salt to potash glass produces a deep 
blue colour. Roasted Co ore is fused with 
pearl-ash and quartz -sand, the molten mass is 
poured into water, and then finely powdered ; it 
18 used as a colouring matter under the name 
of Smalt. Smtdt is essentially a double silicate 
of Co and E approaching the composition 
0«0.K2O(SiO,),. Cobalt-ultramarine or Thi- 
nard*8 blue, and OcerxUeum, are essentially salts 
of Go chiefly phosphates and arsenates. Cobalt- 
green or B,vnman\e green contains Co^ Zn 
oxides, and sometimes a little As^O| ; it is pre- 
I pared by evaporating mixed solutions of Go and 
Zn salts and strongly heating the residue. (For 
'details of these colouring matters v , Dxotiohabt 
Of TSOHMXOAL OHXlUSTBi:.) M. M. P. M. 

COBRA POISON (A. Pedler, Pr, 27, 17; 
Blyth, Analyst, i. 204 ; Warden, 0. N, 64, 197). 
Two-thirds of the organic matter in the poison 
of Naya Wipudians is of sltmminotts ohmtei^ 
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iMing ppd. by alcohol, the poisonous substance 
[i soluble in alcohol. is not an antidote, 
but HOI retards the physiological action, ^hile 
HCl and platinic chloride form a salt, 
(C],H,(N 40 ^ 01 ) 2 PtCl 4 (?), which is not poisonous. 
AuOl, and AHnO^ mixed with the poison before 
injection prevent death; but after the poison 
has been injected, the subsequent injection of 
these liquids will not prevent death (T. L. Brun- 
ton a. Sir J. Fayrer, iv. 27, 466). A poisonous 
crystalline substance may be obtained by dia- 
lysing the poison. 

COCAtNE C, 7 H[ 2 iN 04 . Benzoyl-methyl- 
ecgonine. [98®]. S. -14 at 12®. 

, Occurrence, ‘-In the leaves of Erythroxylon 
Coca of South America (Niemann, Ar. Ph. [2] 
108, 120, 291 ; A. 114, 213). These leaves are 
chewed by the inhabitants. 

Formation.—ln small quantity by heating 
together ecgonine, benzoic anhydride and 
methyl-iodide at 100® for 10 hours (Merck, B. 
18, 2952). 

Preparations, — 1. Coca leaves are digested 
with eU ber; the ether is evaporated and the 
residue extracted with boiling water ; the solu- 
tion is mixed with magnesia and evaporated and 
the cocaine extracted by amyl alcohol (Tru- 
pheme, C, C, 1881, 447).--2, The leaves are 
extracted witii alcohol, colouring matter is ppd. 
by lime, and the filtrate evaporated to a small 
bulk and mixed with water. The alkaloid is 
then ppd. by KjCO, and dissolved in ether and 
decolorised by animal charcoal (Schull, Ph, [3] 
10, 408). 

Properties.— ^maM monoclinic prisms ; a:h'.c 
•=l‘180:l:l-223; /3 = 73® 60' (Tschemiak, Site. 
W, 48, i. 34) ; v. si. sol. water, v. sol. hot alcohol 
and ether. Cone. H2SO4 dissolves it without 
colour. It produces insensibility to pain in the 
tongue, eye, or other part touched by it. Taken 
internally it acts somewhat like opium (Ken- 
nedy, Ph. [8] 10, 65 ; J. Gra.^set, C. R. 99, 983, 
1122 ; 100, 864 ; Richard, 0. R. 100, 1409 ; Laf- 
font, C. B, 106, 1278 ; Sighicelli, C. C. 1887,1150). 
An inieotion of cocaine acts as a cerebro-spinal 
stimulant or anti-narcotic (MossO, Ar. Ph. [3] 26, 
179). Solutions of salts of cocaine are ppd. by 
KOH,NH„ and Na,CO., ; the pp. is soluble only 
in a large excess of KOH, but insol. NHj. Am- 
monium carbonate gives a pp. sol. excess. Picric 
acid, tannin and HCl, potassio-mercurie iodide, 
iodine solution, SnClj, AuCl^, and PtCl, also give 
ppS. By heating with cone. HCl cocaine is split 
up into ecgonine C^HuNO,, methyl alcohol, and 
benzoic acid (Lessen, A. 133, 351). Cocaine, 
freshly ppd. by NH, and left under water, slowly 
decomposes forming McOH and benzoyl-ecgonine 
(Paul, Ph, [8] 18, 783). The specific rotation in 
chloroform solution at 20® is given by tfee 
formula : [el® « - (16-827 + -00585 q), where 
q « weight of emoroform in 100 pts. by weight of 
the solution, and the tube is ^00 ifim. long. If 
q-0 then [a]®* ~16‘827. 

Salts. — B09C1: the melting-point varies 
in difierent preparations between [181®] and 
[186®]. For its medicinal employment its abso- 
lute purity is essential, and this is best deter- 
mined by taking its spe<^o rotation. In dilute 
alcoholic solnl^on at 20®, with a tube 100 
mm. long, the specific rotation is given by 
the formulsi : -(62*18 + *1688 q), and 
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ta]„=-(67-982--168a7e),whaie q-weight rf"’ 
dUute alcohol of S.G. ^ *9368 (mixture of 6 pts. 
by weight of absol. alcohol to 9 pts. by weight of 
water) in 100 pts. by weight of the solution, and 
o« weight of cocaine hydrochloride in 100 pts. 
by vol. of the solution. When q«0, then 
[o]p 62-2 ; when q «» 100, then [aj^ « 68-0 (An- 
trick, B. 20, 810).-B'2H2PtCl«.— B'HAuCt— 
B'KjCjO, : feathery crystals. 

Amorphous cocaine. An amorphous alka- 
loid accompanies cocaine in coca-leaves. It is 
V. sol. alcohol And ether. Its hydrochloride is 
amorphous, and its solution ^partially decom- 
poses on evaporation, becoming acid (Paul, Ph, 
[3] 18, 784). According to Hesse (Ph. [3] 18, 
H) this base is isomeric with booaine (cf. Stock- 
man, Ph. [3] 17, 861 ; Howard, Ph. [3] 18, 71; 
Bender, G. G. 1885, 490. V. also Ecgonine). 

COCATANNIC ACID C„H,,Og. [189®]. Occurs 
in coca leaves (Warden, Ph. [3] 18, 986). Gives 
a red colour with KOH. FeSO, and Fe^Clj |ive 
a dark-green colour. Pb(OAc)r, gives a rose-red 
pp. It reduces alkaline silver solution, but not 
Fehling’s solution. Potash-fusion gives butyric 
and traces of benzoic acids. 

COCCEEIC ACID C3,Ha.,03. [93°]. Formed, 
together with cocceryl alcohol, by saponification 
of coccerin, the wax of cochineal. White crys- 
talline powder, Sol. hot alcohol, ether, benzene, 
Ac., si. sol. the cold solvents. On oxidation 
with CrOj and acetic acid it gives pentadecoio 
acid, the same product as from cocceryl alcohol 
(Liebermann a. Bergami, B. 20, 964).— A', Ca 
and A'jBa : flocculent pps. 

Ethyl ether kEt. [c. 70®] (Liebermann, 
B. 18, 1080). 

COCCERIN C3 oH,„(O.C„H„, 0,)3. Cocceryl coc- 
cerate. [106°]. Occurs in cochineal in quantity 
varying from 1 p.c. to 4 p.c. and is obtained by 
extraction with benzene. The cocoons of the 
cochineal insect consist of coccerin to the extent 
of 'j of their weight (Liebermann, 'B. 19, 328). 
Thin glistening plates. SI. sol. all cold sol- 
vents, nearly insol. alcohol and ether. On 
saponification with alcoholic KOH it gives coc- 
ceryl alcohol C5oHgo(OH)j and cocceric acid 
Cj,H ,.,03 (Liebermann, B. 18, 1976). 

COCCERYL ALCOHOL C,oRJ01l),. [101®- 
104®]. Formed, together with cocceric acid, by 
saponification of coccerin, the wax of cochineal 
(Liebermann, B. 18, 1976). White crystalline 
powder. On oxidation with CrO, and acetic acid 
it gives pentadecoic acid CjjHsjOj and probably 
also an acid CscHboO,. 

Acetyl derivative C33 Hb 5 (OAc )2 : [60®]; 
crystalline solid ; v. sol. ether, warm alcohol, 
and acetic acid ; v. si. spl. acetone. 

Benzoyl derivative Ca<,H„(OBz)a : [62®]; 
crystalline solid; v. sol. ether, warm alcohol, 
and acetic acid, v. si. sol. acetone (Liebermann 
a. Bergami, B. 20, 969). ^ 

COCCININ V. Gabbunio acid. 

C0CC06NIN CjoHjaO,. A crystalline sub- 
stance occurring in the seeds of Daphne Meze^ 
reum, SI. sol. water^v. soL alcohol and ether. 
May be sublimed, when it emits an odour like 
coumarin. Boiling dilute H^SO. forms no gla- 
oose from it (Casselmann, Z. [2] 6, 681). 

COGOULIN 0„HmO,- Occurs in coccultfi 
indicuB. Found in smii^ <3^uantities in the pre* 
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paration of piorotoxin (g.v.K from which it can | 
be separated by means of absolute alcohol, and 
reorystallised from hot water acidulated with 
HOI. Gone. H3SO4 colours it pale yellow, dis- 
appearing on stirring (Ldwenhardt, A. 222, 853). 

COCBTHYLINE d„H^NO,. [109°]. Ob- 
tained by heating benzoyl-eogonine with ethyl 
iodide for 8 hours at 100°. Splendid glistening 
prisms. Has an aneesthetic action. PtOl4 gives 
with very dilute solutions of the hydrochloride a 
yellow pp. of the platino-chloride B'ljHjGljPtClf, 
which crystallises ttom a large quantity of hot 
water in glittering yellow rhombic plates. AuOl, 
gives a very sparingly soluble yellow pp. HgOlj 
forms a white pp., vk sol. hot water (Merck, B. 
18, 2964). 

COCHLEABIA OIL. The essential oil of 
scurvy-grass (Cochlearia officinalis) is isobutyl 
thiocarbimide (Hofmann, B. 7, 608). 

Ci^OA NOT OIL or cocoa buiter. The fol- 
lowing acids have been described as present in 
the product of sapAiification of this fatty oil : 
heroic, octoic, decoio, laurio C^Hj^Oj, an iso- 
merid® of laurio [68°], tridecoio CijH^gOj, myris- 
tic, palmitic, stearic, oleic, and arachio acids. 
Kingzett (0. J. 33, 38) also found an acid 
G^HijgOj [72°] (Bromeis, A. 36, 8G ; Fehling, A. 
63, 899 ; Gcergey, A. 66, 290; Oudemans, J.pr, 
81, 367 ; Carr Kobinson, Tr. E. 28, 277 ; Traub, 
Ar. Ph. [31 21, 19). 

CODAMINE C20H25NO4. [126°] (from benz- 
ene) ; [121'^] (from alcohol or ether). An alkaloid 
occurring in the aqueous extract of opium (Hesse, 
A. 153, 66; Suppl 8, 280). Six-sided prisms 
(from ether) ; m. sol. boiling water, v. sol. benz- 
ene, alcohol, chloroform, and ether. Gone. HNO, 
gives a green solution. Fe.^OlgAq gives a green 
colour. Cone. HjSO^ gives a blue colour, changing 
to green, and to dark violet on warming. NH, 
and KOH give pps. sol. excess.— B'jHjPtCl, 2aq. 
B'HI Uaq. 

r EiNN • OjiHaiNOa. Methyl-morphine. 

. [160°]. S.G. 1-32. S. 1-26 at 15°, 
6*88 at 100°. [a]o--134° (in alcohol). S. 

(amyl alcohol) 16’68 ; S. (benzene) 9'60 (Kubly, 
1866, 823). 

Synthesis. — By gently heating morphine 
H mol.) with NaOH (1 mol.) and Mel (1 mol.) 
dissolved in alcohol (Grimaux, G. R. 92, 1140, 
1228 ; Hesse, A. 222, 210). The yield is small, 
but by doubling the quantity of Mel a good yield 
of codeine mothylo -iodide may be obtained. 
The codeine so prepared is leevorotatory; [a]^- 
-180°. 

Preparation. — Aqueous extract of opium is 
freed from meconio acid by ppg. with CaGlj, 
and the filtrate evaporated to crystallisation. 
The mixed hydroohlorides of morphine and 
codeine are diisolved in water and ppd. by am- 
monia; morphine is ppd. but codeine remains 
in solution. 0^ evaporating the filtrate codeine 
hydrochloride crystallises out (Bobiquet, A. Ch. 
12] 61, 269; A. 6, 106; Gregory, A. 7, 263; 
Anderson, A. 77, 841; Ed. PMl. (Brans. 20, 
67; c/. Gouerbe, A. Ch. 168; Regnault, 

4 . Oh. [2] 68, 136; Gerhardt, Bev, Sdmt. 10, 
208 ; Winokler, Bito. Pharm. 44, 459 ; Merck, 
4.11, 279 ; Plugge, 4r. Ph. [8] 26, 848). 

' Properf MS.— Trimetrio crystals (containing 
aq). Pirom OS, it separates in anhydrous tri- 
metric crystals aibic m^ 80:1:'509 (Aruruni, Z. K, 


. Lfisvorotatory ; [a]j (in alcohdi) - - 136° ; 
(Hes 


-112° (Hesse, 4. 176, 191; ef. 
Grimbert, J. Ph. [6] 16, 296). The rotatory 
power is much affected by the presence and 
amount of acid in solution (Hesse ; Tykooi- 
mer, B.^T. 0. 1, 144). It is a strong base, 
reddens litmus, and pps. salts of Fb, Fe, Gu, 
Ac. Sol. ether. Codeine is insoluble in aque- 
ous KOH and hardly more soluble in aqueous 
NH, than in pure water. Its physiological ac- 
tion resembles that of morphine. 

OoUywr reactions.— 1. HjSO, forms a greenish 
solution which, after a week, becomes indigo 
blue. — 2. Fe,Cl, gives no colour. — 3. HjSO, and 
Fe^Cl, gives an intense blue (Lindo, 0. N. 37, 
168).— 4. Chloride of iodine gives a yellowish 
pp. in solutions of salts of codeine. — 6. KjCrO, 
gives the chromate.— 6. K^FeCy, gives no pp. 
(Plugge, 4r. Phri^] 26, 793). 

Reactions. — 1. Hot H^SO, decomposes it, and 
after diluting, NajCO, pps. ‘ amorphous codeine ’ 
as a grey powder [100°], v. sol. alcohol, but ppd. 
therefrom by ethe% — 2. Heating with KOH gives 
off trimethylamine.— 3. Heating with a large 
excess of cone. HClAq forms ‘ chlorocodide ’ 
Cj^BljoClNOa, apomorphine, and MeCl. — 4. HBi 
gives ‘ bromocodide * C^Hji^BrNOj, ‘ deoxy-co- 
deine * GibHjjNO^ (sol. ether), and ‘ bromo-tetra- 
oodeine ’ O^jEgsBrN^O,, (insol. ether) (Matthies- 
sen a. Wright, Pr. 17, 460 ; 18, 83 ; Wright, Pr. 

19, 371, 604).— 6. HI and P at 100^ to 130° 
forms some amorphous substances (Wright, Pr, 

20, 8).— 6. Codeine (1 pt.) evaporated with 
HPO9 (3 pts.) and water (6 pts.) is partly con- 
verted into dicodeine C88H45N,0, and tetraco- 
deine C,2H94N40,j (Matthiessen a. Wright, Pr, 
18, 87). — 7. Alkaline KMn04 expels half the 
nitrogen as NH,(Wanklyn a. Gamgee, C.J. 21, 
25). — 8. PCI5 forms two bases CjgHjoClNO, and 
C.BH.gClaNO, (v. Gerichten, 4. 210, 107).— 9, 
Cyanogen, passed into a cone, alcoholic solutior 
of codeine, forms crystals of C^H^NOgCy,. 

Salts.— B'HC12aq; radiategroups of prisms 
8. 6 at 16‘5° [o]j=-108°.— B'41,PtCl,4aq! 
light yellow powder, gradually becoming crys- 
talline.— B'HI aq : long thin needles. S. 1*3.— 
B'HI, : red crystals with violet reflex.— BUI,.— 
B'HNO, ; small prisms, v. sol. hot water.— 
B'jHjCjO, 3aq : prisms or scales. S. 8*3 at 16*6° ; 
200 at 100°.— B'HgPOg l^aq : scales or prisms.— 
B'jH,S04 5aq: trimetrio prisms. S. 8*3 in the 
cold [a]j - - 101° at 20°.— B'H,S,0, 6aq : prisms 
S. 6*6.— B'HSCy ^aq. [100°]. Badiatinj 
needles. Chloro-aoetate B'C,C1H,0, [164°].— 
Di-ohloro-aoetate B'C,C1^0, [166°].— 

Tri-chloro-aoetate B'O.^Cl,HO,. [93°].— 
Ohloro-orotonate B'04H^C10,. [171°].— 

Tri-chloro-butyrate B'C4HgCl,0, [178°].-- 
Di-bromo-pyru vate B'C,H,Br,0, [70 

(Dacoomo, J. 1884, 1886). 

Acetyl dtrivqtive C,gHa,AoNO,. [186°] 
From codeine and ACjO (Wright, 0. J. 27, 1031 
Hesse, 4. 222, 212 ).— B'HCl 2aq.— B'^PtOV 

Propionyl aeri^ative 
0.ja.^(OfiS>WO^ From codeine and pro 
piomc anhydride. V. sol. alcohol, ether, am 
benzene. Cone. HaS 04 gives a blue ooloui 
Forms well-crystallised salts.—-B'H012aq.— 
B'JHjPtdr— B'HIaq.— B'H, 0 , 048 aq (Hesse, 4 
222 212 ). 

Butytyl defivativi 0 ||H||( 04 H,b)KO; 
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AmorphoTiB (Bdekett a. Weight* C. J. 38^ 16).— 
B'HClSaq.-B'aH^tCV 

Benaoyl derivative 0„Hm(C,H,0)N0,. 
CrystalliBes from ether. — ^B'HCl aq.— B'sH^PtOlc. 

Succinoosyl derivative 
C,aH^0,(G6.0H3.GB[2.C03H) 5£^. Fonned by 
heating codeine (Ipt.) with suooinioaoid (2 pts.) 
at 180® (Beckett a. Wright. 0. J. 28, 689). 
Insol. water, ether, and benzene.— B'HCl aq. — 
B'^tGl,. 

Oamphoryl derivative 
C,*HjoNO,(GioH, 503). From codeine and cam- 
phoric acid at 180®. Grystalline. —69301 3aq. — 

fr^Gl,. 

Methylo -iodide C,a!l^,NOjMeL Prepared 
from codeine and methyl iodide, or from mor- 
phine, methyl iodide and eodium in presence of 
alcohol. Fine needles when hydrated: hard 
voluminous crystals when anhydrous. With 
moist silver oxide yields a hydroxyl derivative 
converted by dehydration into methyl codeine 

V.) (Grimaux, A. Ch. [5] 2^, 27G; G. K 93, 
^1). By successive treatment with Ac^O and 
AgOAc it is converted into [131®] which 

crystallises from alcohol in needles (Fischer, B. 
19, 794). 

Ethylo-iodide OiaHjiNOjEtl. Formed by 
heating codeine with EtI and alcohol at 100® 
(How, G. J. 6, 125). Crystalline mass, v. sol. 
water. Not decomposed by KOH but converted 
by AgjO into a very alkaline hydroxide. The 
hydroxide changes, when its alkaline solution is 
* evaporated, into ethyl-codeine. Acetyl deri- 
vative CiaHaBAcNOgEtl^aq : crystals, v. si. 
soL cold alcohol (Beckett a. Wright, C. </. 28, 
818). Gives rise to C,aH2oAoNO;,EtCi and 
(0„H ^ A oN n.,E tr.l ) ,PtC1 ^ ■ Butyryl deriva- 
tive 0„Hjo(04H70)NO,EtUaq. 

Chloride C„HjoClNOj. Codeyl chloride. 
[147®]. Formed by treating codeine with PCl^ 
mixed with POCl,. Colourless leaflets ; insol. 
water, sol. alcohol and ether (v. Gerichton, A, 
aiO, 105).-B'aH^t01,. 

Chloro-codide CjhHjoCINOj. Formed by 
prolonged heating of codeine (1 pt.) with cone. 
HOI (12 pts.) at 100® (Matthiessen a. Wright, Pr. 
17, ; 18, 83 ; A. 7, 304). Amorphous ; 
V. soL alcohol .and ether. Water at 140® gives 
HOI and codeine. Conoc ECl at 140® gives 
MeCI and apomorphine.— B93C1 : amorphous. — 
B',H,PtCla. 

Bromo-codide C.aHjoBrNOa. From codeine 
and HBrAq (S.G. l*5£at 100® (Wright, Pr. 19, 
871). Unstable.— B'HBr : gummy. 

Chloro-code'fne C,sH«ClNO,liaq. [170®]. 
From codeine, EG10„ and HCl. Crystalline 
powder ; el. sol. ether and hot water, v. e. sol. 
NH,Aq.— B'^jSO^daq: prisms,— B'.^HjPtCl^ 

Chloride CigH^C^NOj. Chloro -codeyl 
chloride. [196®]. Formed by heating codeine 
a mol.) with PCI, (2i molB.f and POCl, at 70® 
(v. Genchten, A. 210, 105). Trimetrio prisms; 
insol. water, v. sol. alcohol, ether, and benzene. 
Its hydrochloride crystallises in grouped 
iieedle8.-^B',H,PtCl«. 

Bromo-codsine O^ECj^BrNO,. [162°]. From 
eodidae and bromine-water. Needles (containing 
4 aq ^ lA aq). V. sL sol. water, v. e. sol. 
NH,Aq.-B^,HJPtCl,.—B'HBraq; prisma. 

Eikyl^-hydrah HEtOE. Decomposes 


on evaporation of its aqueous solution forming 
bromo-othyl-cpdoine (B. 16, 1486). 

Chloride OjaHJBrOlNO,. [131®]. From 
bromo-oodeine and PCI,. Prisms; sol. alcohol 
and ether. 

Tri-bromo-codeine OjgH^Br.NO,. From 
bromo-oodoine and bromine-water (Anderson). 
Amorphous powder. — B'^SHBr.— B'^H.^PtOl,. 

Di-iodo-codeine C,8H,oLNOj (?). From 
codeine hydrochloride and ICl. Crystals (from 
alcohol). Insol. water.— B'^H^tCl, aq. 

Nitro-oodeine 0,8H.^,(NOj^O,. From codeine 
and hot dilute HNO, (S.G. 1*06). Silky lamina) 
(from alcohol). SI. sol. boiling water (Ander- 
son). — B'jHjPtCl, 4aq. — B'2E^S04 2aq (at 100®) ; 
radiating needles. 

Dicodeine (OjgH^NO,).. 2aq. Formed by heat- 
ing codeine with dilute HjSO^, with PjO,, or with 
oxalic acid (Anderson, Ed. Phil. Trans. 20 [1] 67 ; 
Armstrong, C. J. 24, 56 ; Wright, G. J. 25, 606; 
28, 312, 696). Amorphous powder. Insol. ^fater, 
Bol. alcohol and ether. Immediately ppd. from 
its salts by Na^CO, (codeine comes down only 
after some time). Fe.Cl„ gives no colour. 
HNO, gives a pale orange tint. Hot oono. HCl 
converts it into C72H„C1N40,,H,C14. HI and 
phosphorus at 120® form CjjgHjjjINsOjoH,!, (?). 

Salt.— B"H2Cl2 6aq. 

Acetyl derivative (C,sH 2 „AcNO,)j. From 
dicodeine and Ao,,0 (Beckett a. Wright, 0. J. 28, 
15). Amorphous ; v. sol. ether. — B^R^OL^ 5aq : 
crystalline.— B"H.jPtCl„. 

Tricodeine (0,"t,H3,N0,)3. A product of the 
action of HoSO, or of ZnCl.> on codeine (Wright, 
C. J. 26, 507 ; 27, 101 ; Pr. 20, 203). Amor- 
pbons. Sol. alcohol and ether. Its hydro- 
chloride is amorphous and extremely deliques- 
cent. Cone. HCl converts it on heating into 
apocodeine. Fe^Gl, gives no colour at first, but 
afterwards a reddish -purple. HNO, gives a blood- 
red colour. Na^COj immediately pps. it from 
solutions of its salts (difference from codeine). 
Hot concentrated hydrochloric acid foims 

Tetracodeine (0,sH2,NOj)4. From codeine 
and PjOj. Formed also by boiling codeine with 
benzene and NaOEt (Wright, C. J. 27, 107 ; 28, 
324). Amorphous; sol. alcohol; insol. ether. 
Its nydrochloride is amorphous and deliquescent. 
Fe,Cl, gives immediately a reddish-purple colour. 
HNO, gives a blood-red colour. KjCrjO^ and 
HjSO, gives an evanescent red colour (this re- 
action is given also by tricodeine, but no colour . 
is got with codeine or dicodeine). NajGO, im- 
mediately pps. tetracodeine from its salts. 
Boiling aqueous HCl has no action. Boiling 
HI and phosphorus form Cu^HisoI^NgO^H,!, (?). 

Acetyl dsr iva e (C,hH 2 ^oNO,) 4. From 
tetracodeine and Ao^O at 1^°. ^Amorphous. — 
B'^jH^PtCl,. 

Bromo-tetraoodeine C;,H„BrN40|y From 
codeine and HBr. HCl forms G7,H„01N40„H40l4. 


Hydrio bromide forms bromo-tetramor- 
phine C„H,,BrN 40 ,a. 

8 alt.-C,.^„BrN 40 ,jH 4 Br 4 . 

Deoxyoodefne 0,^s,NO,. From codeine and 
HBr. Insol. water, sol. alcohol and ether. 


Turns brown in air.— B'HBr : small crystals. 


Apocodeine C„H,,NO^. Formed by heating 
codeine hydrochloride with a oopo. solution of 
ZnCl, for 16 mmiitee (Mriphiessen a. Bumaide, 
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Pr. 19,71). Gammy mass; inBol. water, sol. 
alcohol and ether. Gives a bV>od-red colour 
with : amorphous. Acts as a 

mild emetic. 

Uethyl-oodei’ne OitH^KOi. DirtnethyU 
m&rphme. [119°]. Prepared by evaporating the 
product of the action of silver oxide, or of KOH, 
on codeine methylo-iodide. The substance sepa- 
rates out as an oil, which solidifies on desiccation. 
Hard, brilliant lamince. It appears to possoss 
all the properties of a tertiary base and to be 
formed by the dthydration of methyl codeine 
hydroxide. With sulphuric acid it gives a 
brown colouration, turning violet on addition of j 
water (Grimaux,4* G/i. [ 6 ] 27, 283). 

Ethyl-codeine CjaH^aEtNO,. Formed by 
evaporation of a solution of codeine ethylo- 
hydroxide. 

Methy lo -iodide OisHjoEtNOgMel. Readily 
foijned by the union of Mel with ethyl-codeine. 

Methy lo -hydroxide B'MeOH. Formed 
by the action or moist AgjO on the methylo- 
iodide. On heating to 130° it decomposes into 
methyl-ethyl-propyl-amine and a body CijHinOj 
(Geriohten a. Sohrdtter, B. 15, I486}. The 
compound 0,aH|oO^ [65°] is converted into 
phenanthrene by distillation with zinc-dust. 
According to Grimaux {C. B. 93, 591), a crystal- 
line tertiary base (? methyl-ethyl-codeme) [132°] 
is formed by heating ethyl-codeino methylo- 
iodide with moist AgoO or KOH. 

Bromo-etbyl-codeine CigHjnEtBrNOa. Long 
white needles. Sol. acids and strong NHg. 
Tertiary base. Formed by evaporation of a 
solution of the ethylo-hydrate of bromo-codeme. 

Ethylo -hydrate B'MeOH. Formed by the 
action of moist Ag^O on the methylo-iodide. On 
evaporating the solution to dryness it decom- 
poses into mclliyl-ethyl-propyl-amine and a 
body CijHoBrOj (Gerichten a. Schi otter, B, 16, 
1486). This compound OuHjBrO., [122°] is 
converted hy OrO, into a substance which is 
apparently a quinone. 

DICOBETHIIIE v. £f%fenc-MOBPniNK. 

CODKTHYLENE v. JS1%Z-morphine. 

CCERBLEIN C^gHgO, U, 

0 



F'mnation.—l. By heating galloin with con- 
centrated sulphuiic acid at 190°-200°, an olive- 
brown solution is formed, from which the coeru- 
lein is precipitated by water.— 2. By oxidation 
ofecerulin. 

Properties. — Dark-blue, metallic glistening 
crystals, si. sol. water, alcohol and ether. 
When heated wth svno-dvst pbenyl-anthracene 
is produced. 

Triacet^l derivative OjgH 703 (OAo)j, 
red needles, sol. alcohol, acetone and chloro- 
form, readily decomposed with separation of 
coerulem (Buchka, A. 209, 272). 

CCEEULIN 

action of concentrated sulphuric acid on gallin ; 
formed also by reduction of cceruleSn with am- 
monia andzinc-du^ (Baeyer, B. 4, 6W, 663) ; the 
lolution is acidifiw and agitated with ether, on 


evaporation of which oesruUn if left as a red 
substance, sol. alcohol, ether and acetic acid 
with golden-green fluorescence. It is readily 
oxidised to omrulein. 

Tetra-aeetyl derivative 
OsoHgDaiOAo)*. [266°]. Cannot be prepared 
directly from ccsrulin, but indirectly from ooeru- 
lein, acetic anhydride and zinc-dust; yellow 
nee^es sol. alcohol, chloroform and benzene, 
converted on oxidation into tri-acetyl-ccBrulein. 

Constitution.— Ccervilm bears to gallin v.) 
the same relation that phenol-phthalidin bears 
to phenol-phthalin, as shown by its analogous 
method of formation (Buchka, A. 209, 274). 

CfERULIONOL O.Ja, Ai.e. 0„H„(0Me)(0H). 
Btue-oil. (241° cor.). S.G. ^ 1-06. Obtained 
first by Reichenbach among the higher boiling 
portions of beech-tar oil, and characterised by 
giving a blue colouration with baryta water. Is 
best separated by boiling the oil for some time 
with acetic acid just strong enough to dissolve 
it. On pouring the solution into water the 
compound separates out. Colourless oil, of crea- 
Bote-like odour, m. sol. hot water, alcohol, ether 
and acetic acid. From its reaction with nitro- 
benzene and strong sulphuric acid it appears to 
be a homologue of pyroeatechin, probably of 
guaiacol (Pastrovich, M. 4, 188). It gives a blue 
colouration with baryta water or bleaching pow- 
der ; with ferric chloride in alcoholic solution, 
a green, but in aqueous solution, a carmine-red 
colouration. Heated with hydrochloric acid it 
forms a substance CgHi.Pj i.e. C,H,o(OH )3 
crystallising in prisms [ 66 °]. On melting it 
evolves methyl chloride. 

Acetyl derivative CioHuAcOj (266°); 
viscid, colourless oil, once obtained in fan- 
shaped crystals. 

Nitro-derivative CioHjyNOA [124°], 
obtained together with oxalic acid, the principal 
product, by the action of nitric acid (S.G, 1 ’ 12 ) 
on ccarulignol. Light yellow crystals, sol. water 
and alcohol. 

j CfERTILIONONB 0„H„0, i.e. O.C,H 3 (OMe), 



Tetramethyl-ether of tetra-oxy’diphenylene- 
guinoiie. Cedriret. One of the products ob- 
tained by Reichenbach froni beechwood tar 
(J, pr. 1, 1). The crude acetic acid prepared 
from wood is treated with KjCrjO, which oxi- 
dises the di-metliyl-ether of pyrogallol that is 
present (Lieberniann, B. 5, 746; 6 , 381 ; A. 169, 
231; Hofmann, B. 11, 336). It is purified by 
solution in phenol and ppn. by alcohol or ether. 
Small dark steel-blue needles. Insoi. ordinary 
solvents ; cannot bo distilled. Dissolves in cono. 
H 3 SO 4 with blue colour, but is decomposed 
thereby with elimination of one or two methyl 
groups. Heated with aqueous KOH it forms a 
green solution, quickly becoming yellow. Potash- 
fusion gives an mtense but fugitive violet colour. 
Reducing agents convert it into hydroccsrulignone 
OuHijOa [190°] which is the tetra-methyl-ether 

of HBXA-OXI-DIPHBNXL (j. «.)• 

Coerulignone of the ethyl leriea 
0,H3(0Et),.0 , , 

i Gweaish-goldon glistening 

pn^s. Prepared by the oxidation of ^ethyl- 
pyrogallol with chromic acid in aoeUo hold. 
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May b6 leduoad to tha hyOro • a*rivativo 1 
a^OBtMOH).OA(OE‘WO^ tlT6°l which 
oryalnllises in long white needles (Hofmann, B, 

11, 801). „ 

Bl'hromowhydroooernlignone v. Hbxa-ozt> 
DIPmUffYL. 

COFTKE V, CAmim and OijnoL. • 
COLCHICINE Oj^NO, i.«. 
0 ,aH,( 0 Me),(NHAc)(C 03 Me) (?). Methi/l ethw 
of colcUctfin [145°]. Occurs m all parts of the 
meadow-saffron {Colchicum autumnaXe), espe- 
cially in the seeds (Pelletier a. Caventoii, A. Oh. 

[21 14, 69 ; Geiger a. Hesse, A. 7, 274 ; Hiibsch- 
mann, At. Ph. [2] 92, 880; Aschoff, 

[2] 89, 4; Bley, At. Ph. [2] 89, 18; Hubler, 

0. C. 1865, 686; Fliickiger, Ph. [3] 7, 372; 
Hertel, 0. C. 1881, 601 ; Ph. [3] 12, 498 ; Rosen- 
wasser, Ph. [3] 8, 607 ; Houd^s, C.R. 98, » 

Zeisel, C. R. 98,1687 ; M. 4, 162; 7. 657 ; 9, 1). 

PrepaTation.— The whole seeds are extracted 
with hot 90 p.o. alcohol, and the residue digested 
with water. The aqueous solution is shaken with 
CHGlg. On evaporation the chloroform leaves 
a syrupy residue, which after some days begms 
to crystallise. It is recrystallised repeatedly 
from alcohol and chloroform, and finally from 
water (Zeisel). , 

Properties.— Yellowish-white powder, ooi. 
water and alcohol, insol. ether ; darkens when 
exposed to the light. It is lasvorotatory. Minerm 
acids colour the solution yellow. Weak alkalis 
also give a yellow colour ; concentrated acids 
yield a yellow resinous pp. Cone. HNO, gives a 
^olet colour. Cone. H,SO, with a trace of nitrate 
gives a yellow green. Br water a yellow pp. 

' Iodine in KI a brown pp. Fe .Clg no colour ex- 
cept on warming, when a green colour is pro- 
duced. HgClg in neutral solutions gives a slight 
turbidity, when acid a yellow pp. AuCl, yellow 
needles, Cdl^, potassium bismuth iodide, potas- 
sium mercuric chloride, phosphotungstic and 
phosphomolybdic acids, and chromates give 
yellow pps. Tannic acid in acid and neutral solu- 
tion a white pp. It forms an addition compound 
with CHCl, of the formula CA.N0«.2CHC1, 
with evolution of heat. Yellow needles decom- 
posed by water. Phenol gives a milkiness, and 
finally a yellow resin. Colchicine acta as a 
diuretic, purgative, and irritant poison (Mairet 
a. Combemale, G. R. 104, 439, 616). 

Salts.— Colchicine is a* weak base, most of 
its salts being decomposed by water. The auro- 
ohloride BTIAuCl, is stable. 

Colchlceln C.„H^O, i.e. 
0 ,jH,(OMe),(NHAc){CO^). Tr%-methyl-acctyU 
eol^icirUc acid [c. 166^]. 

Preparation.— By wanmng an aqueous solu- 
tion of pure colchicine with 2 p.c. HjSO, or 1 p.o. 
HCl. Separates in white needles. There a|e 
also formed methyl alcohol, an acid substance, 
and a new or possibly two new basM- . 

^ Prooerfies.— Shining white neemes (contain- 

ing 1^; becomes hydrous at U0°.160°. 
Lfflvorotatory. V. e. sol. alcohol and chloroform, 
insol. ether and benzene. Sol. mine^ acids giv- 
ing a yellow solution, in the case of HCl with rise 
ot tei-eratoe. Alkalia also Wve U. yidd- 
ing yefiow solutions. Cone. Hj{S 04 and HNO, 
behave with it as with colchicine. Br water, pho^ 
phomolybdifl acid and aque^ p^ol^d slight 
..na in iitA o/inAons smntioiia but not othef st- 


ageuw. In HOI solution it behgvos like fsoUU 
cine with most reagents. From cone. HOI win- 
tion AuCl, pptf. an orange-gold compound, which 
can be subsequently crystallised in needles. Le^ 
and copper acetates give pps. HOI converts it 
into the hydrochloride of tri-methyl-oolohioinic 
acid O.ftjNOjHOl which forms a Pt salt 
( 0 „H 2 ,NO.HCl)jPtOl 4 2aq. The dimethyl-ool* 
chioinic acid and colohicinic acid are also pro- 
duced. 

Salts.-B'HAuOV— (0„HaNOJ,Cu 6aq 

(Zeisel, M. 7, 686 ; 9, 8). 

Amide of eolchieeXn 
0„H,.NA <•«. O,.H.(OMe),(N^o)(0ON^) (?). 
Formed when oolchicme and alcoholic WJls are 
heated together in a sealed tabe. After evapo- 
rating the alcohol a yellow crystalline mass is 
left, which is reorystallised from alcohol. Two 
kinds of crystals separate. Those which effloresce 
contain ^ mol. alcohol. . , „ , , 

Properties.— BeAted with NaHO it formscol- 
chicein andNH,. It behaves ^ a base, being sol. 
HCl. insol. water. FojCl, gives a brown coloura- 
tion, and in HOI solution KNOj gives a violet 
I colour, and the alkaloidal reagents give pre- 
cipitates. Cone. H 2 SO 4 dissolves it, giving a 
vellow-red colouration (Zeisel, M. 9, 26). 

COLOHICINIC ACID C^HjiNO* t.e. 

the mother-liquor after separating the dimethyl, 
and triraethyl-derivatives formed from oolohicein 
by heating with HCl. After drying at 109° the 
colohicinic acid is obtained as a yellow powder. 

Properties.— PiCl solution is ppd. by Br water, 
KI, HgCl,, PtCl*. AuClg, Cdl., and by the usual 
alkaloidal reagents. Phenol gives no pp. Cone. 
H 2 SO 4 gives a brown colouration ; if a nitrate be 
present, and then excess of NH 3 added, a red 
colour is produced. FeuCl, gives a red-brown 
colouration (Zeisel, M. 9, 22). n^ocn 

Dimethyl’deTivative [142^. 

The hydrochloride is formed with the trimethyl- 
derivative. It crystallises from hot water as 
BUCl aq, from which the free acid is obtained 
in yellow microscopic prisms by the addition of 
weak NaHO. These prisms contain 4iaq. A 
solution gives the usual alkaloid reactions (Zeisel, 

Trimethyl deTivative Cj^HjiNOj t.s. 
C,.H.(OMe).(NBy(CO,H) ? [160“]. From the 

hydrochloride formed from colchicein (q.v.). 
Microscopic prisms (containing 2 aq). It forms 
a Pt salt (B'HCl) 3 PtCl 4 2aq. 

COLElN C,„H ,„04 (?) A bnttle red resin, 
which may be extracted by acidulated alcohol 
from the leaves of Coleus VeTSohaffeltn (Church, 
C. /. 81, 268). ^ 

COLLAGEN v. PBontins, Apper^tia 0. 

COLLIDING V. Tai-MBTHTL-miDiiw and 

METHTIi-BTHTL-PTBiniOT. 

COLLINIO ACID obtained by •Frfihde {J.pr. 
80, 844) by oxidising gelatin with CrO,iB Bbnzoio 
A om. 

COLLODION V. OapLULOSB. 

COLLOIDS. Name given by Graham to those 
substances which do not diffuse through porous 
membranes. CoUoide are contrasted with Orps- 
iaUoidt. V. Dnnrusiojr, and PHisxoai> sammm* 
OOLLOnntlNX v. lio«u|pai. 
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OOIOOYKTHIN (?) S. (cold) 6 ; (hot) 

5*8. The bitter principle oocurring in the pulp 
af the fruit of Citrullns Colocynthi8\YaM(l\le\ixl^ 
T.PhysMy 888 ; Braoonnot, J. Ph. 10, 416 ; Her- 
berger, BucJmtr's Bmrt. 36, 368 ; Bastick, Ph. 
10, 239 ; Walz, At. Ph. [2] 96, 141 ; 99, 838 ; Le- 
bourdais, A. CK [3] 24, 68 ; Henke, Ar. Ph. [8] 
21 , 200 ). 

Prepa/ration. — The fruit ie extracted with 
alcohol, the alcohol is evaporated, and the resi- 
due taken up by cold water; lead acetate is added, 
and in the filtrate, after removing the excess of 
lead by HjSO^, the oolooynthin is ppd. by tannin. 
The compound with tannin is then decomposed 
by lead carbonate. 

Properties.— Yello^vish prisms or powder. Sol. 
water and alcohol, insol. ether, CSj, benzene, 
chloroform, and ligro’m. Cone. H^SO , gives a red 
colouration. It easily reduces Fehling’s solution. 
Boiling aqueous HCl gives a dark green greasy 
pp., aid the solution still reduces Fehling’s 
solution. According to Walz, colocynthin is split 
up by boiling dilute H.BO^ into glucose (2 mols.) 
snd a resin colocynthein 04^Ha40,s.' 

'COIOMBIN V. COLUMBIN. 

GOLOFHENB. This name is applied by Arm- 
strong and Tilden to the viscid yellow oil left 
after distilling all that is volatile in steam from 
the crude product of the action of H2SO4 on the 
terpenes. It is probably a mixture of polymer- 
ides of these hydrocarbons {C. J. 35, 748). De- 
yille (A. Ch. [2] 75, 66 ; [3] 27, 86) applied the 
Dame to the portion of the product of the action 
Df H2SO4 on French turpentine that boils a little 
above 300°. This might be called dicamphene, 
OjoH^. A similar product occurs among the 
products of the distillation of colophony, but it 
lifers from Deville’s oolophone in forming a 
;jreaBe when rubbed with slaked lime. V. also 
Teupenzs. 

COLOPHONY V. Terpenes and Turpentine. 

CgLUMBIC’ACID 0„H,,0,aq? An acid 
which may be extracted by hnie-water from Co- 
lumbo root (Bodeoker, A. 61), 47). Amorphous, 
nearly insol. water, v. sol. alcohol, si. sol. cold 
ether. -Pb.2A'4Pb(OH)2aq ?. 

COLUMBIN C2,H2.,0,. [182°]. S. (alcohol) 
3 at 78°. Occurs in the Columbo root (from Me- 
nisperm^ivi palmatin, together with berberin and 
a substance [220°J which crystallises from HOAc 
in prisms. Prepared by extracting the root with 
ether. On evaporation a crystalline residue, to- 
ijether with a fatty substance, separates out ; the 
latter is removed by washing with ether, and the 
former crystallised from alcohol (Wittstook, P. 
19, 298 ; Liebig, P. 21, 86 ; R5se, P. 19, 441 ; 
BOdocker, A. 69, 39 ; Patewio and Oglialoro, O. 
9, 66 ; Alessandri, Ph. [8] 12, 996). Tastes very 
bitter. V. si. solf cold water, alcohol, and ether. 

COMANIC ACID 0jH,02.C02H i.e. 



Preparation. — 1. Oomenio acid (q.n.) is 
heated with PCI, and the di-chloro-comanio 
acid produced is reduced by MI (b.p. 127°) (Ost, 
Jipr. [2] 29, 62). -*2. Chelidonio acid is neated 
in vacm at 280° (Haitinger a. Lieben, M. 6, 
279). 

PrqparWsi.— Oblique prisms. 81. ®ol. water. 
Qives no colour with Fa,01s. 


Reactiofni , — 1. Decomposed by excess of ' 
haaryta iwth precipitation of the salt of an aoid 
which gives a brown colour with FejClg. On 
warming the pp, with excess of baryta it changes 
to bwo oxalate, acetone being evolved (compare 
chelidonio acid). — 2. Heated by itself it splits 
up into CO, and CJH4O2, pyrooomaue, a neutral 
substance, insol. water, [32°] (c. 213°).— 
8. Warmed with cono. NH, it reacts thus (com- 
pare the behaviour of comenio and of oxy- 
comenio aoidsj : CJH4O4 + NHj = CgHjNO, + H^O. 
The product is oxy-pyridine carboxylic (jS-oxy- 
picolinio) acid 04H3N(0H)(C02H).— 4. When 
comanio aoid (10 g.), hydroxylamvne hydro- 
chloride (6 g.), NajCO, (4'6g.) and water (100 g.) 
are wanned together, the sparingly soluble 
oximido- acid separates C5H20(N0H).C0,H. 
Crystallised from water, it forms crystals which 
decompose at 200°. With fuming HOI at 200° 
this forms CjHjNOg, a crystalline body that is 
very soluble in water. The oximido- acid 
is reduced by Zn and HCl to oxy-pyridine 
carboxylic aoid. From this it would appear 
that the oximido- ^oid is di-oxy-pyridine car- 
boxylic (di-oxy-picolinic) aoid (H. Ost, J. pr. 
[2] 29, 378). — 5. Ethylamine converts comanio 
acid into oxy-ethyl-pyridine-carboxylio (oxy- 
ethyl-picolinio) aoid, 04H,N(OH)(COjfH)Et. This 
acid splits up at 160° into CO, and (?) oxy-ethyl- 
pyridine. 

Salts . — ^BaA', aq : v. sol. water. — BaA', 3aq. 
AgA'. 

Ethyl ether Eik'. [103°]. Prisms; not 
acted upon by AcCl. 

Chloro-comanio acid C0H3CIO4. [247°]. 
Formed, together with the following, from co- 
menio aoid by successive treatment with PCI5 
and water. Needles. 

Di-ohloro-oomanio acid C,H2C1,04. [217°]. 

Needles (from alcohol). HI converts it into 
comanio acid. 

COMBINATION, CHEMICAL, LAWS OF.— 

Chemistry concerns itself with the changes of 
composition and properties which certain defi- 
nite kinds of matter undergo. Those kinds of 
matter which are studied in chemistry are 
divided into two classes, elements and com- 
pounds. Elements are those kinds of matter 
which undergo chemical change only by com- 
bining with other olempnts or compounds. Com- 
pounds may combine with other compounds or 
with elements, or they may be separated into 
two or more elements or compounds each unlike 
the others, and each weighing less than the ori- 
ginal quantity of the compound used. 

The expression ‘ homogeneous bodies * has 
sometimes been employed to denote elements 
and compounds, and to distinguish these from 
mixtures which palpably consist of unlike 
portions. 

The law of ^e oonservation of matter holds 
good in all ohemioalf as in all physical, changes. 
This law may be stated as follows as regards chemi- 
cal ooourrenoes i—When homogeneous bodies in- 
teract to produce new hodiesy the sum of the 
masses of the bodies produced is equal to the sum 
of the masses of those which have vnteractbd to 
j^odtioethem. 

The proof of this law is found in the whole 
body of ohemioal and physical science. A few 
numbers are here given, taken frmn the te- 
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MUroheB of StM, whioh were conducted with 
Tety great care and accuracy. 

(1] Silver iodide is the sole product of the 
comhmation of iodine and silver ; if the law of 
the conservation of mass holds good, the mass 
of silver iodide formed should be exactly eqtifd 
to the sum of the masses of silver and* iodine 
used. 


Iodine 

OMd. 


surer StunofSIlrer 
used «id iodine. 


DifCerenoee. 


82*4666 27*6223 60*0888 60*086 -*0028 

46*8282 89*8406 86*6687 86*6653 -*0034 

44*7699 88*0795 82*8394 82-8375 -*0019 

160*2762 136*3548 296*6300 290-624 ^*0060 
96*7964 82*8631 179*1696 179*159 -*0005 


The mass of silver iodide formed was in every 
ease slightly less than the sum of the masses of 
sUver and iodine used ; but this i& accounted for 
by the fact that it is impossible to collect abso- 
lutely the whole of the silver iodide formed. The 
differences amount to about of the total 
weight, and fall within the lifaits of necessary 
experimental errors. 

(2) In another series of experiments Stas 
heated silver iodate, and so decomposed it into 
silver iodide and oxygen; the differences between 
the mass of iodate used and the sum of the 
masses of iodide and oxygen obtained amounted 
to about of the total weight. Hero are a 
few of the results : — 

SS Ss Oxygen Sum Difference 

98*2681 81*5880 16*6816 98-2695 -t-*0014 

166*7869 180*1766 26*6085 166*7840 --0019. 


jaromoyeneotw bodies interact to produce new 
homogeneous bodies in certain definite and fixed 
ratios; there is a constant ratio between the 
masses of the interacting bodies, and also be- 
tween the mass of each interacting body and tJie 
mass of the product, or of each of the products, of 
. the change. 

The validity of this statement is assumed in 
all chemical investigations. Stas carried out a 
series of elaborate researches in order to deter- 
mine whether the statement is or is not abso- 
lutely accurate; The following numbers taken 
from Stas’ memoirs are * illustrations of his 
results. 

(1) Potassium chloride was caused to react 
mm nitric acid to form potassium nitrate ; the 
masses of potassium chloride and of potassium 
nitrate were determined. 


PotaMinm 

ahlorlSe 

Potassinm 

nitrate 

formed 

Potofwium nitrate 
from 100 porta 
of obloride 

Difference 

fronf 

mean 

* 60*7166 

68*6988 

•136*^43 

-002 

80*2610 

108*8665 

135*638 

-•007 

72*1022 

99*8060 

186*647 

- h -002 

50'2176 

68*1200 

185*649 

+ ■004 

48*9274 

68*3676 

185*645 

•000 ‘ 

69*8886 

94*7900 

185*640 

—006 

14*2678 

19*8415 

185*655 

+ *010 



Mean 185*646 



The divergences from the mean are very mM 
and are wholly accounted for by necessary ex* 
perimental erlors. 

(2) A solution of silver was added to a solu< 
tion of potassium bromide until the whole of 
the brordne was precipitated as silver bromide, 
and from the results was calculated the mass of 
potassium bromide which reacted with 100 parts 
by weight of silver. The numbers obtained 
established the absolute identity of the ratio of 
silver to potassium bromide in every experiment. 
Thus five experiments gave the following re- 
sults:— * 


Potassium 

bromide 

Silver 

Potassium bro- 
midf^ reacting 
with 100 parts of 
silver 

Difference 

from 

mean 

9-20526 

8-34305 

110-332 

-*008 

20-12316 

18-23605 

110-343 

+ •003 

16-8310 

11-3451 

110-367 

+ W 

11-0613 

10-0253 

rllO-334 

-*006 

16-3032 

14*77495 

110*336 

-•005 



1 Mean 110*340 



The relations between the masses of interacting 
homogeneous bodies are expressed in the three 
laws of chemical combination, usually known as 
the law of fixity of composition, or the law of 
constant proportions ; the law of multiple pro- 
portions ; and the law of reciprocal proportions, 
or the law of combining weights. These laws 
may be stated in various forms of words ; the 
following are fairly satisfactory. 

Law of constant proportions. The masses of 
the constituent elements of every compound stand 
in an unalterable ratio to each other, and also to 
the mass of the compound formed. 

Law of multiple proportions. When two ele- 
ments combine to form more than one compound, 
the masses of one of the elements which coml^ne 
with a constant mass of the other element bear a 
simple relation to each other. 

Law of reciprocal proportions; or law of com- 
bining weights. The masses of differerU elements 
which severally combine with one and the same 
mass of another element are also the masses of 
these different elements which combine with each 
other, or they bear a simple relation to these 
masses. 

When gaseous homogeneous bodies react to 
produce new gaseous bodies, the relations be- 
tween the volumes of the interacting bodies and 
the volume of the product, or the volumes of the 
products, are expressed in the law of volumes or 
the law of Gay-Lussac^ 

Law of volumes. When gaseous elements or 
compounds irtioract, the volumes C/ the interact- 
ing bodies bear a simple relation to each other, 
and also to the volumes of the gftseous products 
of the reaction. 

The law of constant proportions asserts the 
absolute invariability of the composition of every 
chemical compoundc This law was finally gained 
as one result of the long controversy waged be- 
tween BerthoUet and Proust throughout the years 
1801 to 1808. Many of the older ohemists re- 
garded every chemical oom|>ound as of fixed 
composition: the investigations of Bergmfuu 
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and Lavoisier, for instance, implicitly asstimod 
the vali^ty of this law of fixity of composition. 
Indeed, even so far back as the*middle of the 
17th century Van Helmont spoke of the satura- 
tion-point which is reached when a definite 
quantity of an acid is added to a specified quan- 
tity of a base. The experiments of Richter in 
the last years of the 18th century rendered it 
probable that the masses of two acids, which 
severally neutralise one and the same mass of a 
given base, bear a constant ratio to each other 
independently of ^he nature of the base with 
which they react. 

Berthollet, in his Essai de statigw chimiguBt 
published in 1803^ stated the fundamentaliaw 
of chemical action, to the effect that the amount 
of a chemical change is dependent on the affi- 
nities and the masses of the reacting bodies. 
One of the conclusions which he drew from this 
generalisation was, that the composition of the 
prMUots of a chemical reaction may vary within 
certain limits, which are determined by the re- 
lative masses of the interacting bodies, and by 
the physical states of these bo^es, and of those 
produced in the change. Proust opposed this 
notion of variability of composition. He analysed 
with great care many series of compounds, chiefly 
metaUic oxides and sulphides, and as a final re- 
sult he established the law of fixity of composi- 
tion, or of constant proportion, on a firm basis of 
experimentally determined facts. 

Proust admitted that two elements might 
combine in more than one ratio. Indeed he 
analy.sed various pairs of oxides and sulphides 
of the same metal; for instance, he gave the 
following analyses of oxides of copper and of 
tin : — 


Tin oxides 

(1) 

(2) 

Tin =87 

78*4 

Oxygen = 13 

21*6 


Copper oxides 

( 1 ) ( 2 ) 

Copper «86’2 80 
Oxygen =JL3-8 20 
• Proust contented himself with stating the 
results of his analyses of compounds in percent- 
ages of the constituent elements. Had he calcu- 
lated the masses of oxygen which were com- 
bined with the same mass of copper, or the same 
mass of tin, he might perhaps have forestalled 
Dalton and announced the law of multiple pro- 
portions. For Proust’s analyses quoted above, if 
thus treated, give these results : — 


Copper oxides 


(1) (2) 
Copper ■■ 86-2 86'2 
Oxygen =» 13*8 21-6 


Tin oxides 

(1) (2) 
Tin =87 87 

Oxygen = 13 24 


Dalton analysed two compounds of carbon 
and hydrogen, and fouiffi that the ratio of carbon 
to hydrogen one compound wgs twice that of 
carbon to hy wogen in the other ; in other words, 
he found that a fixed mass of hydrogen com- 
bined with a fiefinite mass of carbon to form one 
compound, and with twice that mass of carbon 
to form another compound. Dalton ^d not 
conduct the experiments which led to this result, 
solely with the view of ffhding the quantitative 
laws of chemical combination, but rather with 
the object of rendering clear the atomic concep- 
tion of chemical change which at this time was 
occupying his attention. While determining 
the composition of seriea of oompounds, he had 


always in his mind the conception of (dtemical 
combination as consisting in the union of ex- 
tremely minute portions of the combining bodies. 
These minute portions, or atoms, of an element, 
he pictured to himself as chemically indivisible, 
and as all of the same mass ; hence, he argued, 
if two llements combine to form more than one 
compound, the masses of one of these elements 
which combine with a fixed mass of the other 
element must bear a very simple relation to each 
other, one must be a whole multiple of the other, 
because portions of atoms cannot combine, and all 
the atoms of the same element have the same mass. 

The law of multiple proportions was a neces- 
sary consequence of the Daltonian atomic theory. 

As a matter of fact, the law was deduced from 
experimental data by reasoning directed by the 
mechanical conceptions of this theory (t). Atomic 
AND MOLECULAR WEIGHTS, Vol. i. pp. 336-7). Dal- 
ton’s analyses were not very accurate. There can 
be little doubt that it was not the analytical results 
which led him to the discovery of the law of 
multiple proportions, but that the law was ten- 
tatively deduced^rom the atomic conception ha 
had formed of chemical processes, and was then 
confirmed by the results of his analyses of com- 
pounds. 

The announcement of the law of multiple 
proportions at once threw a flood of light on the 
empirical data already amassed regarding chemi- 
cal composition ; and it also led to more careful 
analyses of numerous compounds, by showing 
the importance of these analyses, and by inter- 
preting their results in terms capable of general 
application. 

After the publication of Dalton’s New System 
of Chemical Philosophy in 1808, chemists every- 
where busied themselves with making accurate 
analyses of compounds. Some chemists accepted 
the atomic theory of Dalton, others preferred to 
speak of combining proportions, ur equivalents, 
rather than of atoms, of elements ; but whether 
accepting or rejecting his theory, all were influ- 
enced by Dalton’s teaching. The development 
of the atomic theory and the verification of the 
laws of chemical combination are indissolubly 
bound together. 

If the atomic theory were granted, not only 
the law of multiple proportions, but also that of 
reciprocal proportions, followed as a necessary 
consequence. For the masses of two or more 
elements which combine with each other must 
be the masses, or whole multiples, or sub- 
multiples, of the masses, of those elements which 
severally combine with a fixed mass of some 
other specified element ; because combination 
occurs between atoms, and atoms are chemically ^ 
indivisible, and all the atoms of any element aro 
df the same mass. 

The outcome of the researches of Berxdiui 
and bis followers into the composition of ' com- 
pounds was to dstablish the laws of ohemiqal 
combination on a firm basis ; but so intimately 
were those investigations connected with the 
, development of the atomic theory, and with the 
controversies which attended that development, 
that many chemists who demurred to the theory' 
were inclined to deny the absolute validity of the 
laws as expressions of fact, and to think that 
these laws must stand or fall with the theory 
which had first given them imj^rtanoe* 
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The resultB of iho* laboxions xesearohes o! 
Stas ‘ have shown that the laws of chemical com- 
bination bj mass are perfectly accurate state- 
xnents of facts which hold good in all chemical 
prooesses. 

Some of the results obtained by Stas have 
been already given (p. 236), The fallowing 
analyses of silver chloride, and of ammonium 
chloride, prepared by different methods, serve to 
lihow that the composition of each of these two 
compounds at any rate is absolutely fixed : — 
Grams of rilver 
Method of ch i oride obtained 

prepsTStion of slWer chloride from 100 of silver 
1. Ag burnt in Cl gas . . 132*842 

3. Ag dissolved in HNOaAq, 

and ppd. by HCl gas . 132-847 

8 . Ag dissolved in HNOjAq, 

and ppd. by HClAq . 132-848 

4. Ag dissolved in HNOjAq, 

and ppd. by NH.ClAq . 132-842 

The ammonium chloride analysed was pre- 
pared in four different ways ; — 

(1) Commercial salammoifiLac was dissolved 
in water and boiled with nitric acid to destroy 
organic matter; the liquid was decomposed by 
pure lime ; the ammonia produced was led into 
water and then neutralised by hydrochloric acid; 
the ammonium chloride was sublimed in a stream 
of ammonia. 

(2) Commercial sulphate of ammonia was 
heated with sulphuric acid, then boiled with 
nitric acid ; the solution was treated in the same 
way as desoribed in (1). 

(8) A solution of potassium nitrite was mixed 
with potash, zinc-dust was added, and the liquid 
wanned; the nitrite was thus reduced to am- 
monia, which was led into water, and then 
neutralised by hydrochloric acid, the ammonium 
ohlo ide was sublimed in an ammonia-stream. 

(4) A part of the ammonium chloride pre- 
pared in (3) was sublimed in vacuo. 

Weighed quantities of the different prepara- 
tions were dissolved in water, and the quantity 
of silver required for the precipitation of all the 
chlorine was very accurately determined; ex- 
periments were conducted at different tempera- 
tures. A selection is given from the results : — 


Speci- )at 20^ 
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grams 

silver 

11*79643 

23-7848 

49-598 

89*62130 

79-88613 

49-6974 

11*80844 

28-8086 

49-697 

13*40631 1 

! 27*0277 

49-602 

6*26216 

12*60716 

49-6d3 

10*71766 

21*6093 

49-697 

18*6129 

27*2429 

49-698 

6*2260 

*‘12*6623 

49-692 


Mean 

49-6968 


* Beekerchea mr let rapports rie^troquet dei pcidt ato- 
mlqttetilWi}. Nomdlareaherthet our letUiUdet propel 
dlimkme$t*ur kt poidt aUtmiqimtt levrt rapparti mutueU 
[ISM 1. A Q«niuui tnuutotlon of both memoirs wm pub- 
UShed in 1867, with the title Uotortuehtmffendberdieaeiau 
dor aktmUehm FropartUmam, dbar its Atomgetrtehten md 
Qfv FaHtUtadatt. 


One of the fo^s in which the law of reel* 
procal proportions may be stated is as follows ; 
The element/ combine in the ratios of their pom- 
lining weightst or in ratios which bear a simple 
relation to these. By the combining weight of 
an element is here understood the smallest mass 
of that element which combines with unit mass 
of a standard element ( 0 . Combining weights o» 
elements). Suppose the standard element were 
oxygen; then if the combining weight of an 
element were determined from analyses of dif- 
ferent compounds of that e].ement, all of which 
compounds contained oxygen, the law asserts 
either that the same value for the combining 
weight should be deduced from all the analyses, 
or that the different values jtound should bear a 
simple relation to each other. Stas proved the 
absolute accuracy of the law as regards silver, 
by determining the mass of this element com- 
bined with 16 parts by weight of oxygen in 
various compounds. The compounds ofbson 
were, silver iodate, bromate^ chlorate, and sul- 
phate. Stas reduced these compounds to silver 
iodide, bromide, chloride, Eknd sulphide, respec- 
tively, and then determined the amount of silver 
in these salts. 

The following values were obtained for the 
mass of silver combined with iodine, &c., and 16 
parts by weight of oxygen : (1) From analyses 
of iodide prepared by reducing iodate 107-028 ; 
( 2 ) from analyses of bromide prepared by re- 
ducing bromate 107-921; (3) from analyses of 
chlorate prepared by reducing chloride 107*937 ; 
(4) from analyses of sulphide prepared by re- 
ducing sulphate 107-920. Stas further reduced 
potassium chlorate to chloride and then deter- 
mined the mass of silver needed to precipitate 
the chlorine which was combined with 16 parts 
of oxygen in the original chlorate ; he thus in- 
directly obtained a value for the combining weight 
of silver, meaning thereby the mass of this 
element which combines with tfiat mass of 
chlorine which enters into union with 16 parts 
by weight of oxygen; the number found was 
107-930. Another method which Stas used lor 
testing the accuracy of the law of reciprocal pro- 
portions consisted in finding the ratio of the 
masses in which two elements united to form a 
binary compound, and also the ratio of the 
masses in which the same pair of elements were 
united in a compound formed by the addition of 
a third element to the first binary compound. 
Stas determined the ratio of silver to iodine in 
silver iodide and iodate, of silver to chlorine in 
silver chloride and chlorate, and of silver to 
bromine in silver bromide and bromate. The 
results proved the absolute accuracy of the law. 

There can be no doubt as to the accuracy of 
the laws of chemical combina^pn by weight. 
These laws are perfectly accurate statements of 
facts, and tibey bold good in every ohemioal 
change. ^ 

^e law of combination of gaseous elements 
and compounds by volume, enunciated by Gay- 
Lussao, has not yet been subjected to so rigorous 
an examination as tliat wbiim the laws of 00 m- 
bination by weight have undergone. 

The ratio of the volumes in which hydrogen 
and oxygen combine to form water was deter- 
mined by Lavoisier, in 1788, to be 1*91:1. Other 
abemists stated the ratio to be apptozimiMly 
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l:L lA 1305 Gay^Lusaao and Humboldt an- 
nonnoedthat the ratio was exactly 2:1, and in 
1808 Gay-Lussao made the generafteation, which 
he based on numerous experiments, that the 
rolumes of gaseous elements or compounds 
which combine to form gaseous products can be 
expressed by small whole numbers, and that the 
volume of the gaseous product of such combina- 
tions is either the sum of the volumes of the con- 
stituents or it bears a very simple relation 
J, Ac.) to this sum. Gay-Lussac’s experiments 
showed, for instance, that 1 volume of nitrogen 
combines with 8 flumes of hydrogen to form 
2 volumes of ammonia, and with 2 volumes of 
oxygen to form 2 volumes of nitrogen dioxide, 
Ac. • 

Investigations have recently been made by 
Scott regarding the volumetric ratio in which 
hydrogen and oxygen combine to form water. 
The results (u. Scott, Pr. 1887. 898; B.A. 1887. 
668 p JV. 37, 439) do not finally settle the ratio 
but they all tend show that it is slightly less 
than 2:1, the most probable value being 1‘997:1. 

The laws of chemical combination are all 
included in the two statements : 

1. The elements combine in the ratios 
of their combining weights, or in 
ratios which bear a simple relation to 
these. 

S. The gaseous elements combine in the 
ratios of their combining volumes, or 
in ratios which bear a simple relation 
to these. 

By combining weight is here meant the 
smallest mass of an element which combines 
with unit mass of some specified element taken 
as a standard; and by combining volume is 
meant the smallest volume of a gaseous element 
which combines with unit volume of some 
specified gaseous element taken as a standard. 

The first statement has been amply verified 
by accurate experiments ; the second does not 
yeUstand on so firm an experimental basis. 

In connexion with this article v. the articles 
Atomic and molecular weights; Combining 
WEIGHTS or elements; Composition, chemical; 
EgUIVALENTS ; FoRMDLiE. M. M. P. M. 

COMBINING WEIGHTS OF THE £L£. 
MENTS.- The laws of chemical combination by 
mass are expressed in the statement, the elements 
combine vn the ratios of their combining weights^ 
orim ratios which bear a simple relation to these. 
The term combining weight is here taken to 
mean the smallest mass of an element which 
combines with unit mass of a standard element. 
Hydrogen is adopted as the standard element ; 
hence the practical definition ot combining 
weight, as here understood, is the smallest 
mass of an element that oombin|s with 1 part 
by weight of Hydrogen. But many elements do 
not combine with hydrogen ; it is therefore often 
necessaiv to make use of some element other 
than hydrogen as a standard. 

All the dements except fluorine and bromine 
form oxides, and most of the elemefits oombine 
with chlorine. These two elements, oxygen and 
chlorine, are therefore frequently used as stan* 
dards of reference in determinations of combining 
weights. 

Oxygen combines with hydromn in two 
ratios (by weight), 8:1 and 18:1; out obloxint 


and hydrogen oombine only in the ratio 85*6:1 
(these values are given in round numbers). In 
accordance with the definition given above, the 
oolnbining weight of oxygen is said to be 8, and 
the combining weight of chlorine to be 85-6. 
The combining weight of an element may then 
be tak^ to be the smallest mass of it which 
combines with 1 part by weight of hydrogen, or 
8 parts by weight of oxygen, or 86*6 parts by 
weight of chlorine. 

The same value is found for the combining 
weights of some elements which form both 
oxides and chlorides, whether the value is deter- 
mined from analyses of the compounds with 
oxygen or with chlorine. Sodium and silicon 
are oases in point. But in some oases, one value 
is found for the combining weight of an element 
from analyses of its oxide, and another value 
from analyses pi its chloride. Thus Agi is the 
smallest mass of iodine that combines with 35*5 
parts by weight of chlorine, but parts by 
weight of iodine combine with 8 parts of oxygen, 
and if the combining weight of iodine is deduced 
solely from analj’ses of its hydride, the value 
found is 127. So also, the smallest mass of 
nitrogen that combines with 1 part by weight of 
hydrogen is 4*66, but a compound of nitrogen 
and oxygen is known which is composed of 
2*8 parts of nitrogen in union with 8 parts of 
oxygen. 

Different values, then, are frequently ob- 
tained for the combining weight of an element 
according as the combining weight is determined 
in reference to hydrogen, chlorine, or oxygen, as 
the standard element. But the different values 
always bear a simple relation to each other. 
The following table presents the values found 
for the combining weights of a few elements; 
the ratios of the numbers are stated in the last 
column. Bound numbers are given : — 



Oomblning weights 

Batio of 


referred to 

TAlnes 


0-8 Cl-3^*5 


Nitrogen • 

. 4*6 2*8 4*6 

5:3:5 

Potassium . 

. — 9*75 89 

1:4 

Copper • 

. 63*2 31*6 31*6 

2:1:1 

Arsenic . . 

. 26 15 25 

5:3:6 


If, then, we define combining weight solely 
in terms of hydrogen^as unity, we’can determine 
the combining weights only of a minority of the 
elements ; if we admit the employment of oxy- 
gen and chlorine as standards of reference, we 
frequently arrive at different values for the com- 
bining weight of the same element. One primary 
object in determining combining weights is to 
find a basis for a system which shall represent 
the composition of compounds in formula, by 
shewing the number of combining weights of 
each element which are combined to form that 
quantity of a ^eoified compound which is repre- 
sented by its formcfla. In order to frame a satis- 
factoiw system of notation, some compromise 
must be come to as to the meaning to be mven to 
e term combining weight. The diffion% may 
partly overcome by adopting as the com- 
binii^ weight of an element the least oommon 
multiple of the numbers which express the 
masses of the element that severally combio^ 
with 1 part weight of hydrogen, 8 parts of 
oxygen, and 85*5 parts of ohlme. For instioios, 
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The values thus obtained ar» aaaaUy anoptea 
when it is desired to frame a fairly satisfactory 
definition for the term combining weight. These 
valneB are either the same as the atomid weights 
ol tlu elements, or the latter are whole multiples 
of the former numbers. If a satisfactory and 
oonsistent system of notation is to be based on 
the combining weights of the elements, it is better 
to adopt for ^e oombining weights values which 
are always identical with the atomic weights. 
The term combining weight of an element must 
then be taken to mean either the smallest whole 
number, a whole multiple of the smallest whole 
number, divisible without remainder by each of 
the numbers that express the masses of the 
element wWoh combine with 1 part by weight of 
hydrogen, 8 parts of oxygen, and 36*5 parts of 
chlorine, respectively. The following table ex- 
hibits the smallest masses of each element that 
combine with 1 part by weight of hydrogen, 8 
parts of oxygen, and 35*6 pdrts of chlorine ; it 
also shows the L.G.M. of these numbers, and 
the last column contains the whole number by 
which each L.O.M. must be multiplied in 
order to get the value used as the combining 
weight of the specified element in the ordinwy 
chemical notation, which value is identical with 
the atomic weight of the element. (The values 
in the table in the next column are given in 
round numbers.) 

The combining weight of an element is some- 
times said to be the smallest mass of that element 
which enters into chemical combination with 
otW elements, the smallest mass of hydrogen 
which oombinea chemically being taken as unity. 
But in order to give an exact meaning to the 
phrase, * smallest relative mass of an element 
whiob enters into chemical combination with 
other elements,' it is necessary to add, ‘ to form 
a chemically reacting unit of a compound,’ or 
some such expression as this. Now, the only 
cmieeption of * the chemically reacting unit of a 
compound* which has been put into an exact 
torn capable of presentment in quantitative 
terms and of general application is that which 
arises from the application of the molecular and 
atomic theory to ohemica) occurrences ; it is in- 
deed the conoeptiou of the molecule. The defi- 
nition combining weight as * the smallest rela- 
tive of an element which enters into 

fhftyniiSAl combination with other elements ' is 
essentially an atomic and molecular definition, 
alfhongh it is not oouohed in atomic and mole- 
cular langwige. For many years attempts were 
made to base a system of representing the com- 
position of compounds on the combining weights 
of the elements without the h^ of the concep- 
tions of atom and molecule. I^at mass of an 
element which combined with 1 part by weight 
of hydrogen, or 8 parte of oxygen, was sometimes 
taken as the combining wei^t of the element, 
and sometime a multiple of this mass was pro- 
posed. But it was only when the atomic ahd 
molecular theory led the way that a satisfactory 
anu oonsistont scheme of representi^ chemical 
eompoeition was gained. The atomic weight of 
an element is always equal to« or is a whol^toul- 
Uple ci, th» Uait multiple of the num- 




• 

ISlemeut 

with 

Ucut. 

Of these 
numbers 

uuc 

1 p«rt 
by wt 
of H 

88*3 

parts of 
01 

8 ports 
OfO 

■ait. 

Alamininm . . 


9 

9 

9 

n 

AjQtlmouy • . 

40 

24 

24 

120 

1 

A-rsenio • • 

25 

26 

16 

76 

1 

Barium • • 

— 

68-6 

84-25 

68-5 

3 

Beryllium . . 

— 

4*5 

4-5 

4-6 

8 

Bismuth . . 

— 

69-33 

41-6 

208 

1 

Boroa . • . 

— 

3*66 f 

3*66 

8-66 

3 

Bromine • 

80 

80 

— 

80 

1 

Oadmium • . 


56 

28 

56 

1 

Oasfilum • . 

— 

133 

138 

133 

1 

Oalolum • • 


20 t 

20 

20 

2 

Carbon • . 

3 

3 

3 

3 

4 

Cerium • . 


36 

35 

35 

4 

Chlorine • . 

35*5 

— 

8-876 

36-5 

1 

Chrominm • • 

— 

17*4 

17*4 

17*4 

s 

Cobalt . 

— 

29-5 

19*66 

69 

1 

Copper ♦ • 

63-2 

31-6 

31-6 

03-3 

1 

Didymlum . • 

— 

48 

28-8 

144 

1 

Erbium . • 


66-33 - 

66-33 

66-33 

8 

Fluorine . • 

19 

19 ^ 

— 

19 

1 

Gallium . • 

— 

23-3 

23-3 

28-3 

8 

Germanium. • 


18-06 

18-06 

18*05 

4 

Gold . • • 

— 

66-66 

66-66 

66-66 

1 

H> drogen . • 

— 

1 

1 

1 

1 

Indium • . 


37-8 

87*8 

37-8 

8 

Iodine . • . 

127 

42-33 

26*4 

127 

1 


.1^ 

48-15 

82-1 

06-3 

3 



18-66 

18-66 

18-66 

3 

Lanthanum . 

... 

46-66 

46-66 

46*68 

3 

Lead . . . 

_ 

103-6 

61-75 

103-5 

3 

Lithium . . 

... 

7 

7 

7 

1 

Magnesium . 


12 

12 

12 

8 

Manganese . . 


27-5 

13-75 

62 

1 

M'Tfury . . 


100 

200 

200 

1 

Molybdenum 

— 

19-2 

10 

98 

1 

Nickel . 


29-3 

29-3 

20-3 

t 

Niobium . . 

— i 

18-8 

18-8 i 

18-8 

5 

Nitrogen . . 

4*66 

4-66 

2-8 I 

14 

1 

Osmium • . 

— 

47-75 

23-775 

47*75 

4 

Oxygen 

8 

8 

•— 

8 

2 

Palladium . 


26*5 

26-5 

26*5 

4 

Phosphorus. 

10*33 

6-2 

8-2 

81 

1 

Platinum . . 

— 

48-5 

48-5 

48-6 

4 

Potassium • . 


39 

39 

39 

1 

Rhodliun • . 

_ 

26 

17-33 

lot 

1 

Rubidium . 

— 

86*4 

85-# 

86-4 

1 

Ruthonlnm . 



26-15 

26-15 

36*16 

• 4 

Benodium . 


14-66 

14-66 

14*66 

3 

Seleniou ^ 

3&-6 

19-75 

13-33 

80 

1 

Silicon . « 

7 

7 

7 

7 

4 

Silver . , 

— 

108 

108 

108 

1 

Sodium • 

— 

23 

23 

23 

1 

Strontium • 

— 

43-5 

43*5 

43-5 

2 

Sulpbur 

18 

8 

6*33 

16 

2 

Tantalum . 

— 

86-4 

86*4 

36-4 

5 

Tellnrium . 

C2’5 

81-26 

20-83 

62*5 

3 

Terbium • • 

— 

49-33 

40-33 

40*83 

s 

Thallium • . 


68 1 

68 

68 

s 

Thorium • 


68 

68 

68 

4 

Tin . • . 


29-6 

29-5 

29*8 

4 

Titanium • 


12 

12 

12 

4 

Tungsten • 

— 

30-66 

80-66 

80-66 

6 

Uranium . 

— 

48 

60 

240 

1 

Yanadinm • • 

_ 

12*8 1 

10-24 

61-1 

1 

Ytterbium • . 


57-66 1 

67-66 

67-66 

t 

Yttrium . 

_ 1 

, 29-66 

29-66 

29-66 

8 

Zlno . • « 


82-6 ; 

82-5 

32*5 

2 

Zirconium • c • 


22*5 

2|6 

28-6 

4 

1 


bers that express the small^t masses of the 
element which combine with i part by weight of 
hydrogen, 8 parts of oxygen, tmd 86*6 parts of 
chlorine, respectively ; the principles whi^ guide 
chemists in their choice of the multiple art set 
forth in the article Atohzo and icoueouLAB 
WXIOB 3 S. If accurate values are to be found for 
the atomic wd^ts of the elements, it is evident 
that the oombining weights most be determine^ 
with the grti^ cart. 
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The exact definition to be given to the tenn 
eombining weight is not a matter of paramount 
importance, for it is evident thatwrfbther we call 
the combining weight of an element the smallest 
mass of it which combines with 1 part by weight 
of hydrogen, or 8 parts of oxygen, or 86*6 parts 
of chlorine, or whether we say that the combin- 
ing weight is the L.O.M. of these numbers, or 
whether we take the expression to mean a whole 
multiple of this L.C.M., in any case the law 
holds good that the elements combine in the 
ratios of their confining weights or in ratios 
which bear a simple’ relation to these. What is 
required to be determined with the greatest care 
and accuracy is the ratio between the combining 
masses of every elehmnt and hydrogen, oxygen, 
chlorine, or other standard element ; because this 
ratio, taken in conjunction with the definitions 
of atom and molecule, determines the value of 
the atomic weight of the element, and on this 
valu#depend many of the chemical properties of 
the element, fn ctnnexion with this article v. 
the arts. Atomic and molecular weights ; Com- 
bination, chemical, laws of; Formul®; Nota- 
tion. . 

COMBUSTION.-— Any manifestation of chemi- 
cal energy attended by combination and accom- 
panied by production of much heat is, strictly 
speaking, an instance of combustion. As coin- 
monly used, however, the term carries with it 
the idea of incandesesrvee ; that is, the reacting 
bodies are not merely mcaUscent, but have 
their temperature raised to a point at which they 
emit light, or become self-luminous. This defi- 
nition includes that of inflammation, which is, 
however, best restricted to instances of combus- 
tion in which the incandescent substances are 
gaseous. Such cases of combustion will be con- 
sidered under Flame. 

All phenomena of burning are instances of 
combustion, and in the great majority of cases 
they consist m the union of the oxygen of the 
air*with the substance which is being burnt, 
the visible signs of combustion, i.e., the heat and 
light, being the result immediate or proximate 
of the chemical energy so expended. 

It has been frequently observed that primi- 
tive communities regard as sacred all things that 
contribute to their existence or promote their 
well-being, and hence it is intelligible that a 
phenomenon so mysterious in its origin and 
process as fire, and at the same time so neces- 
sary to the welfare of mankind, should have 
been looked upon from the earliest times with 
particular reverence and awe. The evidence of 
fire worship is to be found probably in every 
religion. And it would be easy to show on 
strictly evolutionary priifoiples how the idea of 
sanctity associated with the plmnomenon^ of 
burning ramified and became interwoven into 
theories of the origin of life, of generation, and 
the nature of Hhe soul and mind, and how it 
passed into the art of healing, and thence i^to 
the Boienoes which have sprung out of. or have 
been grafted on to, that art. The id^, but littte 
shorn of its transoendentdl and spiritual attri- 
' butes, is to be found in the earliest theories of 
ohemistry. Fire plays such on important part 
in the operations of chemistry, the ohangM 
which it induces are so profound and extraordi- 
nary, burning and the evolation ol heat by hs» 
VoL.II. 



trinsio agencies are so constantly witnessed aa 
the result of chemical operations, that it if 
hardly surprising that the earlier chemists 
should have regarded combustion as the essen- 
tial phenomenon of ohemistry. A theory of 
combustion was to them also a theory ol 
chemist^. Minds so sharply contrasted as 
those of Bacon and Boyle clearly apprehended the 
importance of a comprehensive theory of com- 
bustion from this point of view, but Bacon made 
no attempt to construct such a theory, and Boyle, 
in spite of his habitual caution, went singularly 
wrong in his efforts to explain the essenti^ 
nature of fire and the phenomena we now recog- 
nise as due to oxidation. John Joachim Becher 
(1035-1682) has the credit of having first at- 
tempted to group all the facts of chemistry then 
known in such manner that they could be de- 
duced from one general or universal principle. 
George Ernest Stahl (1000-1734) eagerly adopted 
Becher’s fundamental idea, and amphfiod and 
worked it into a comprehensive system, capable 
of wide generalisation and fruitful of fresh linos 
of investigation. • The theory of Becher and 
Stahl was essentially one of combustion. As it 
has exercised a very powerful intluence on the 
development of ohemistry, it may be desirable to 
sketch its main features with some degree of 
detail. 

The theory as elaborated by Stahl is to be 
found in his Fundamenta Chymict^ published in 
1720, when its author was resident at Berlin as 
physician to the King of Prussia. It is not im- 
probable that it was taught publicly at Halle 
between 1694 and 1716 when Stahl was Pro- 
fessor of Medicine at that University. Stahl de- 
fines chemistry as the art of resolving com- 
pounds into their constituents, and of recom- 
bining these constituents to again form the 
original or other compounds. According to 
Becher and Stahl, all combustible bodies are 
compounds, and in the act of burning they part 
with a constituent which is common to them all. 
This common principle was termed by Stahl 
‘phlogiston {(pXttyKrrds = burnt). Bodies are com- 
bustible in proportion as they contain phlogiston ; 
phosphorus, sulphur, charcoal, alcohol, sugar, 
the oils, resin, &o., are pre-eminently endowed 
with it. The metals also contain it, but in vary- 
ing amount. WheiL certain of the metals are 
strongly heated they are gradually converted 
into an earthy powder, termed a calx. The 
change which the metal had undergone was con- 
sidered by Stahl as akin to ordinary combustion, 
and metals were regarded as com^unds of calces, 
which were recognised as intrinsically dissimilar 
bodies, in union' with the common principle, 
phlogiston, which was dissipated by the action 
of*heat upon the metal. The re-conversion of 
the calx into the metal by processes which we 
now term reduction, that is by the action at a 
sufidciently high temperature of bodies like char* 
coal, coal, or by combustible gases, Ac., was ex- 
plained by Stahl as being due to the union of 
the phlogiston of the charcoal, Ac., with the 
*oalz of the metal. It was noticed that many 
sfibstances like phosphorus and sulphur on being 
bittnt formed acids which when treated with 
a highly phlogisticated body such as charcoal 
gaw rise to we original substances. 
'j^kosphoxis ae^ on b^ng heitted to a hild^ 
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mrature ivith ohaxooal tormed phospboros again, lor example, as the results obtained by Boyla OB 
Henoe phosphorus was considered to be a com- the calcination of metals. Boyle Himafllf was 
pound of phosphoric acid and phlogiston ; in doubtless aWhre of the doctrine in the form in 
the act of burning the phlogiston was disen- which it was presented in Beoher's Physica 
gaged and the acid left ; on restoring phlogiston Subterranea, but it had probably no influence 
to the acid the phosphorus was regenerated, on his labours. Indeed he failed to perceive 
Stahl sought to demonstrate the identiCy of the that much of his work was in ^reot opposition 
combustible principle in all substances by point- to Becher*s teaching. His experiments on the 
ing to the fact that the calx of lead, for example, calcination of lead and tin were interpreted by 
could be converted into the metal by the em- him as proving the materiality of heat, and it 
ployment of phlogistioated bodies of such widely was reserved for Lavoisier and the so-called anti- 
different properties as charcoal, sulphur, flour, phlogistic school of French chemists to point 
sugar, iron, <ko. As only one substance, viz., out their real significance. 
lead, was formed by the action of each of these ^ The doctrine of phlogiston was paramount 
bodies, it seemed to follow that they must all in chemistry for upwards of half a century ; the 
contain a common principle. In the same way discovery of nitrogen by Butherfordin 1772, and 
it was pointed out that phosphoric acid could of oxygen by Priestley in 1774, and the fuller 
be changed into phosphorus by the action of a recognition of the functions of these bodies in 
great variety of combustible bodies, such as the air, by paving the way towards a clearer 
lamp-black, resin, sugar, or ef^en the metals, apprehension of the nature of combustion. 
Of course it was known that many substances brought about the downfall of StahPs geneCalisa- 
existed which were incombustible and were not tion. Gebcr, upwards of tep, centuries ago, had 
sensibly changed by the action of fire, as, for supplied chemist^ with facts respecting the 
example, lime, clay, rooks, such bodies were nature of calcination which the long subsequent 
r^arded as dephlogisticated by the action of pre- labours of Sulzbaoh, Cardan, Bey, and Boyle had 
▼ious heat, or as being incapable of combining confirmed and strengthened. Hooke, in the 
with phlogiston. As tiie doctrine of phlogiston MicrograpMa, and Mayow, in his Opera Omnia 
extended, the ideas of the phlogistic school re- Medicophysica, pointed out that combustion con- 
specting its essential nature became more and sists in the union of something with the body 
more vague. There seems to be no doubt, how- which is being burnt, and ^ayow, both by ex- 
ever, that Stahl and his immediate followers, periment and inference, demonstrated in the 
Neumann, Pott, and Margraaf, in Germany, and clearest way the analogy between respiration 
B4aamar, Buhamel, and Macquer, in France, re- and combustion, and showed that in both pro- 
garded phlogiston as a definite substance pos- cesses one constituent only of the air is con- 
sessing all the essential attributes of matter, cemed ; he distinctly stated that not only is there 
Stahl himself appears to have considered that increase of weight attending the calcination of 
pUogiston, when isolated, would tom out to be metals but that this increase is due to the ab- 
• solid earthy body insoluble in water like char- sorption of the same spiritus from the air that 
eoal, anlphnr, phosphorus, bitumen, and the | is necessary to respiration and combustion, 
metals. Indeed, as so many highly phlogistioated ; Mayow’s experiments are so precise, and his 
bodies were insoluble in water, while their de- facts so incontestable, that, as Ghevreul has said, 


pblogisticated constituents, e.g., phosphoric and 
sulphuzio acids, were readily soluble, the pro- 
perty df solubility came to be regarded as depen- 
dent on or related to the presence or relative 
amount of phlogiston. Its presence or absence 
in fact affected all the properties of bodies, and 
caused all the bhanges they were capable of ex- 
p^enoin^, as, for example, their relative sta- 
E^ty, thenr capacity for onion with other bodies, 
their acid or caustio chalacters, their colour, 
odour, and tasto, and even their physiological 
and therapeutic activity. Many other natural 
phenomena, such as fermentation and decay, 
the growth of plants, and the processes of animal 
life, were capable of explanation by the aid 
of the same general principle. 

The doctrine of phlogiston was of incalcu- 
iable service to ohemistry. Indeed, it is not too 
mucdt to aaf that Stahl’s gener^sation first 
raised ohemistry to the dignity of a science. It 
not only served to present a<jsim^ and intelli* 
gible explanation of a mass of hitherto nncon* 
nested facts, but it pre-eminently fulfilled the 
function of every fruitful hypothesis by stimu- 
latii^ fresh inquiry and suggesting new lines of 
tbou^t. Men like Black and Oarendiah, whom 
we commonly reckon as phlMOStians, were, how- 
ever, not unmipdful of its weasnesaes, and Black 
certainly recognised its Inadequacy to explain 
facts trhieh he knew tq be inoci&trDvertible, such* 


one is surprised that the truth waft not fully re- 
cognised until a century after his researches. 
TMb recognition was forced upon the world by 
the experimental labours and writings of La- 
voisier and his immediate followers in France. 
By repeating and extending the observations of 
Mayow, Black, Eutherford, and Priestley, La- 
voisier proved that respiration, combustion, and 
calcination are essentially identical processes, in 
that they are primarily dne to the action of oxy- 
gen— Priestley’s dephlogisticated air — on the 
body undergoing change, and that the heat which 
is manifested is the result of the chemical change 
of which all these processes are examples. La- 
voisier's experiments were so well devised and 
so admirably executed, his reasoning was so 
pwspicuous and his proofs so irrefragable, that 
his conclusions seemed irresistible so far as the 
theory of combustion was concerned. 

As Lavoisier’s explanation of the true nature 
of combustion effect^ a complste revolution in 
the theory of ohemistp', it may be desirable to 
trace the steps by whioh he was led to formu- 
late it. 

Lavoisier published in all some sixty me- 
moirs, about half of whioh were eonoemed with 
the subject of combustion and of matters whioh 
immediately grew out of it. These appeared 
in different memoirs of the Academy between 
1774 and 1768. It appears from his o<^eot«d 
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mtmoirfl^ published after his death in 1794, 
(hat his earliest experiments on the cause of 
the augmentation of weight whicn bodies ex- 
perience during combustion and calcination 
were made in 1772. 

In a memoir published in 1774 Lavoisier de- 
scribed a repetition of Boyle’s experiments on 
the calcination of tin, in which he showed that 
during the formation of the calx a portion of the 
air disappears, and that the tin increases in 
weight in amount equal to the loss of weight 
experienced by the Hence he concluded that 
a portion of air had Wted with the tin, and that 
the calx of tin is composed of tin and air. 

There is nothing in this memoir nor in the 
note of 1772 to indicate that Lavoisier had any 
idea of the compound nature of air. Still it is 
evident that he had advanced beyond the posi- 
tion of Boyle and tley. Boyle inferred that his 
experiments proved the materiality of heat, while 
Bey af^pears to have imagined that the absorbed 
air was merely entaigled with the metal. 

In the autumn of 1774 Priestley exhibited to 
Lavoisier his method of making oxygen gas from 
the calx of mercury. In the following year ap- 
peared Lavoisier’s memoir On the nature of the 
principle which combines ivith the metals during 
their calcination and which augments their 
weight. Starting from the fact that many of 
the metallic calces can be reduced by charcoal 
with the production of a gas which is identical 
with that produced by burning charcoal in the 
air, Lavoisier concluded that carbonic acid gas 
contains an elastic principle which is common 
to the air and the metallic calx. In the ease of 
the calx of mercury he could obtain this elastic 
principle by heat alone. The gas so obtained 
was identical with Priestley’s dephlogisticated 
air. Lavoisier surmised that this gas, which he, 
like Priestley, found to be pre-eminently a sup- 
porter of combustion and respiration, was pro- 
bably contain^ in nitre, inasmuch as this salt 
whe» heated with charcoal forms large quantities 
of carbonic acid gas. Mayow, on other grounds, 
had already made the same supposition. This 
memoir was followed in 1777 by that On the 
combustion of phosphorus and the nature of 
the acid which results from that combustion^ in 
which Lavoisier first distinctly recognised that 
the air was composed of two distinct sabstances, 
one of which was absorbed by the burning phos- 
phorus to the extent of one-fifth of the original 
volume of air, while the other, originally termed 
by him mouffeite atmospiUrigue, was incapable 
of supporting combustion or animal life, and was 
not absorbable b> metals when heated, and hence 
was not concerned in the process of calcination. 
In the same vear he published a paper On the 
combustion, of candles in atmospherjml air, and 
in air eminentPf respirdblet in whi^ he demon- 
strates that the mouffette atmo^hArigue^ or azote 
as it is now callid, plays no part in the burning 
of the candle, but^at the combustion is entirely 
due to the dephlogisticated air or oxygen. Al- 
though Lavoisier’s theory of combustion and of 
calcination was now practidhlly complete, and 
was full^ developed by him in his memoir On 
combwwm in gmtral in 1778, it made com- 
paratively little impression even in France, and 
gained no converts of note nntil 1785, when Ber- 
tiudlet aQd f 9wraK07 9*ve i9 their adhesi^ Iq | 
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the new doctrine. The death-blow to phlogiston 
really came from the discovery of the compound 
nature of water. It was only after Oavendiah’s 
expeiments on the combustion of hydrogen that 
Lavoisier was able to combat the generally re- 
ceived opinion as to the nature of the process of 
solution %t metals in acids. It was observed 
that when certain metals were dissolved in acids, 
hydrogen was evolved, and the metals were con- 
verted into calces which could be again trans- 
formed into the metals by heating in hydrogen. 
These facts were accounted for by the Stahlian 
hypothesis on the assumption that the gas 
evolved on the solution of the metal was actually 
phlogiston, and that on heating the calx with 
the gas the phlogiston again combined with it 
to regenerate the metal. In 1783 Lavoisier was 
informed by Blagden, who at that time acted as 
Cavendish’s assistant, of the experiments of the 
latter, made in 1781, on the production of water 
by the combustion of hydrogen. The importance 
of the discovery of *the true ohemioal nature of 
water was at once perceived by Lavoisier. He 
and Laplace repealed Cavendish’s experiment in 
presence of Le Boi and Blagden, and found that 
water was composed of 1 vol. of oxygen and 
1*91 vol. of hydrogen. Further evidence of the 
compound nature of water was obtained by 
passing steam over red-hot iron oontainod in a 
porcelain tube, when free hydrogen was formed 
together with a calx of iron. Lavoisier was now 
able to explain the origin of the hydrogen in 
the act of solution of a metal in a dilute acid, 
on the assumption that in the process water was 
decomposed, and that the oxygen united with the 
metal to form the calx, while the hydrogen 
escaped in the free state. This view is further 
developed in the memoir On the solution of the 
metals in acids, published in 1786. Finally, iu 
an elaborate paper On Phlogiston, Lavoisier con- 
nects together his various observations, elaborates 
his own theory of combustion, and confutes the 
phlogistic hypothesis. 

Whatever may be thought of Lavoisier’s 
claims to be considered the discoverer of oxy- 
gen, and of the true nature of air and water, 
there can be no question as to his ^erit in being 
the first to recognise the relation of these dis- 
coveries to the theory of combustion. As far 
back as 1772 he seen^ to have been fully per- 
suaded of the insufficiency of the Stahlian hypo- 
thesis, and for upwards of a dozen years he 
laboured, practically alone, to demonstrate its 
insufficiency. His triumph was complete in 
1785, and La Chimie Franqaise, as the new 
doctrine was termed by Fonreroy, was embraced 
in France with all the fervour of revolution. 
Nor did national prejudice long delay its adop- 
tion in Germany and Great Britain. The Berlin 
Academy pronounced against phlogiston in 1792, 
Black early became a convert, but both Caven- 
dish and Priesuey, 4a spite of the fact that their 
disooveries had contributed so largely to its 
downfall, remained faithful to Stahl’s doctrine 
tq the end-— an exemplification of the troth of 
Priestley’s words that ‘ We may t^e a maxim 
BO strongly for granted, that the plainest evidence 
of sense will not entirely change, and often 
hardly modify, onr persuasions; and the more 
ingenious a man is» the more eflectually he is 
entangled In his enon* his iogentiity only hel|^ 
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ing him to daoolfo himsoU hy etading the force 
of truth.* 

T. E. T. 

In oonnezion with Cbmbusticm o. Oxidation 
and Droxidatxon. 

COHEKAMIC ACID v . Di-oxt-ptiudinb oab- 

aOXXLXO ACID. ^ 

OXY-COHEKAKIO ACID v.Tbi-oxx-pxbxdine 

CABUOXXLIO AOZD. 

COMENIC ACID 0,H*0,. S. above 6 at 100®. 
Got by boiling meoonio acid 0 ^ 46 , with HCl, 
CO* coming off. Purified by crystallising the 
difiicultly soluble ammonium salt from water 
(How» A. 80. 66 ; Ed. Phil. Trans. 20 [ 2 ] 226 ; 
cf. Robiquot, A. Ch. [2] 61, 320 ; 63, 428 ; Liebig, 
A. 7. 287; 26, 116; Stenhousc, P. M. [3] 25, 
IflC). Comcnio acid is thrown down as a white 
]»o\vder when HOI is added to a solution of its 
ammonium salt. 

Properties. — Prisms, laminje, or granules; 
sol. boiling water, insol. alcohol. At 2G0° it 
splits up into CO, and pyromoconic acid. FcjCl, 
gives a red colour. Does not react with hy- 
droxylamine (Odemheimer, J5. 17, 2081). 

Reactions. — 1. Sodium-amalgam reduces it 
to syrupy hydrooomenio acid C^HgOj, which 
forma a salt AgAHA (v.Korff, A. 138, 191).- 
2. If comenic acid is boiled with PCI, (4 equiva- 
lents) and POCl, until no more IICl comes off, 
and the liquid ^stilled till the thermometer 
reaches 160®, an oil remains in the retort which 
is converted by boiling water into di-ohloro- 
comanic acid, C,HCLOyCO*H (yield, 20 p.o.). It 
crystallises from alcohol in needles, [217°]. 
Some chloro-comanio acid, CjH 2 C 102 .C 0 ^, 
[247°] is formed at the same time. Both acids 
are reduced by boiling cone. HI to comanic acid, 
C*H, 02 .C 0 ,H When comanic acid is 

boil<^ with aqueous KH, it is converted into 
{i 9 )<oxy-pioolinio (oxy-pyridine carboxylic) acid. 
8 . Heated with PCI, at 280° it gives 0,01, or 
* p«rQhloro«mecylene,* and hexachloro-ethane. 
Perohloro-mecylene crystallises from alco- 
in compact oblique prisms, melting at 
[89®] (Oat, jpr. [2] 27, 294).- 4. Ethylamme 
gives di-oxy-ethyl-pyridine carboxylic acid, 
CjHEtN(OH)jCOjH.— 6 . Aniline gives similarly 
di*oxy>phenyf>pyridine carboxylic acid (H. Ost, 
Jf.pr. [2] 29, 380). 

Salts. —'NHJ^"aq^: four-sided prisms; 
reddens litmus. V. sol. ooiling water.-— K, A" : 
sL sob water.— EHA": short square needles; 
reddens litmus. — NaHA^' : four-sided prisms 
(from hot water). — BaA"aq (at 121 °). — BaA" 6 aq : 
insol. boiling water.— BaBf^", 6 aq : sol. water. — 
CaA^aq (at 121°)<-CaA"6iaq ; prisms, insol. 
water.— (i»A"84aq.—OaH,A'’,7aq; crystals, v. 
sol. hot water. — MgA"64aq: crystalline 
grains.— MgH,A", 8 aq. — OuA"aq (at 100°).— 
Fe(QH)H,A'^^ (at 100°).— PbA'^aq.— AgHA": 
granular pp.— A^" : thick yellow pp. 

Ethyl ether 0,H^,(©H)]fco,Et. [186°] 

(How) ; [127®] (Beibstmn). Prom an alcoholic 
Boiatum of ills acid and HCl. Formed also by 
heating mecemio add with EtI and alcohol at 
100®. Needles, v. sob hot water. May be sub- 
limed. Fe^b ^ colour. Very readily 

saponified. By suooessiTe treatment with so- 
dium-unai^uii and chlordonnic ether a eom- 
potmd CW®] may be got (Dreohseb 

?.|v.[2]l7,164). 


Acetyl derivative of the ether 
0,HA(OAo)(CO,Et). [104®]. Prom the abovt 
and Ao,0 at 460° (Reibstein, J. pr. [2] 24, 277). 

Ethyl derivative OAO*(OEt)OOA 
[240°]. Obtained by fusing the ethyl derivative 
of meoonio acid (g. v.) by itself. Giystallised 
from water, animal charcoal being used, it forms 
long white needles (Mennel, J. pr. [ 2 ] 26, 468). 

Salt .— AgA' 2^aq ; white needles. 

Amide OjH*Oj(OH)(CO.NH*). Formed by 
passing NH, into an ethereal smution of ethyl 
comenate. App. of CjHA{ONH 4 )COjEt is first 
formed, but this is then slowly converted into 
05 ]^ 0 s( 0 NH 4 )C 0 .NHa, whence HCl liberates the 
amide. White plates (from water). Not affected 
by boiling water. Boilmg IJfeOH converts it into 
sodio comenate. Its aqueous solutions give a 
red odour with FcjCl,. 

8 alt.-OAO,(OK)(CO.NH*)aq. Insob al- 
cohol. 

Chloro-eomenio acid a 

C,HC 102 (C 02 H)( 0 H) l laq. cFormed by passing 
Cl into water in which powdered oomenio acid 
is suspended (How, eL Phil. Trans. 20 [2] 
225). Four-sided prisms (from water). More 
soluble in water than comenic acid, v. e. sol. 
warm alcohol. — Ag.A"(at 100°). — AgHA"^aq. 

Bromo-coraenic acid C 5 HBr 02 (C 02 H) 0 H. 
Formed by the action of bromine-w^er on co- 
menic or meconic acids. Four-sided prisms ; 
less soluble than the preceding body. Boiling 
baryta-water gives oxy-comenio acid. — AgHA'^ 
(at 100°).— AgHA'Haq. 

Ethyl ether EtAh [141°]. From silver 
bromo-comenate and EtL Glittering needles 
(Mennel, /.pr. [2] 26, 472). 

Di-bromo-comenio acid 

C;aBr02(0Br)(002H) (?). 

Formation,— Prom Br and bromo-oomenie 
acid. 

Preparation. — Meconic acid (10 g.) is sus- 
pended in water (80 g.) and bromine (18 g.) is 
added. The product separates at once as crys- 
talline plates (containing 3aq). 

Properties. — Its solution gives no colour with 
FesCl, m the cold, a red colour appears on heat- 
ing, bromo-comenic acid being formed. At 106° 
the oryst^ give off Br (2 mols.) and H*0. An 
aqueous solution of the acid gives no pp. with 
BaClf, but on adding NH, a red colour and an 
orange pp. are got. Zn and HCl reduce it to 
bromo-comenic acid. 

Constitution.— acid is not a true di- 
bromo'oomenio acid, nor a compound of comenic 
or bromo-oomenie acid with HBrO, hence it 
probably contains bromine in hydroxyl, although 
this is very unusuaH^ennel, J. pr, [2] 26, 468), 

Ethyl ether C,HBr 02 (OBr)(CO^t). From 
mono*ethylib meoonate (10 g.), water (^g.) and 
bromine (18 g.). Small yellowish tablets (eon- 
taining 2 aq). Sol. water, ali^hol, and ether. 
Readily decomposes. When heated with water 
or with SO* it changes to white needles of bromo- 
comenate of ethyl [141°] {v. supra). 

Nltro-comenio estlisr OsH(NO*)(OH)CO,Et 
[147*^. From HNO* (S.G. 1 * 6 ) and comenic 
ether in the cold. Better by passing N A 
an ethereal solution of ethyl comenate (K). Sol 
hot water, alcohol, and ether. Its aqneons so> 
lotions give idth a red cdourarionu 
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S«lli ,-O,H(NO,){ONa)0O,Et Yellow 
BeedleB. Explodes when heated.-* 
10,H(N0^G0^t|202Ba. Explodes when heated. 
Silver salt blackens even when oold. 

Amido-comenie acid 0jH(NHa)0j(0H)C02H. 
Formed by reduction of nitro-comenic ether by 
Sn and HOI (B.). Slender silky needles (con- 
taining aq) (from water). SI. sol. alcohol and 
ether. Its aqneous solutions give a blue colour 
with a little Fe^Clg, more FejCl, turns the liquid 
red. 

Salt.-AH(NItJO,(OH)CO,H.H01,3aq. 
Glittering scsJes, formed by adding cone. HGl to 
the above. Decomposed by water, losing HCl. 

Oxy-oomeido aetd OsHO.^(HO).^CO.,H. From 
bromo-oomenic acid by boiling baryta, or with 
HCl (B,). Also from comenamio acid, KMnO^, 
and dilute HjSO^ . Crystallises from water in long 
needles (with 3aq) or in short prisms (with aq). 
V. sa4. water and alcohol, si. sol. ether. In its 
aqueous solution l^Clg gives a blue colour turned 
red by excess. NH, at 100° gives tri-oxy-pyri- 
dine carboxylic acid. 

Salts.-0»H0,(H0)2C0,NH,.— 
| 04 H 02 (OH),CO,}^a, 2aq.-0,H0j(0K)2C0,K. 

Ethyl ether C4H0,(H0),00jEt. [201°]. 

Small prisms (from alcohol). 

Li-acetyl derivative of the ether 
CjHO(OAo)jCOaEt. [76°]. Small needles (from 
alcohol). 

COMPOSITION, CHEMICAL. Bythechemi- 
cal composition of a compound is meant, pri- 
marily, a statement of the masses of the elements 
by the combination of which a specified mass— 
say 100 parts— of the body has been produced, 
or into which a specified mass of the body may 
be resolved. So long as nothing more than the 
percentage elementary composition of com- 
pounds was determined, chemistry remained a 
collection of unclassified facts. The establish- 
ment of the l^w of multiple proportions, and the 
development of this law, and also that of com- 
bining weights, led to the possibility of assign- 
ing to each compound a certain number which 
expressed the smallest relative mass of it that 
entered into chemical reactions with other com- 
pounds ; but no generally applicable method for 
determining the values of these chemically re- 
acting masses was found until the help of the 
atomic and molecular theory had been sought 
(v. Combination, chemical, laws op ; and Com- 
BiNiNO WEIGHTS OP ELEMENTS). The Composi- 
tion of the smallest chemically reacting mass is 
expressed by the formula of the compound, 
which tells the number of combining weights of 
e^h elementary constituent which have com- 
bined to form the mass iik question. This wider 
meaning of chemical composition rests on, and 
arises from, the lavrs of onemical*oombination ; 
but it became definite only when supplemented 
by atomic and ii^oleoular conceptions. 

The atomic weights of all the elements have 
been determined with more or less . accuracy ; 
when the molecular weight of a compound is 
known, the chemical compasition of that com- 
pound is expressed in a formula which states 
the number of atoms of each element that have 
combined to form a molecule of the compound 

t AlOMIO AND MOLKOULAB WEIGHTS). In this 
her widening of the conception of ohemioal 
compositiotti the properties of a compound are 


represented as determined by the nature -and 
number of the atoms which form the molecule 
of the compound. This conception rests on, and 
arises from, the molecular and atomic theory. 

It frequently happens, especially among com- 
poundsmf carbon, that two or more compounds 
have the same composition and the same mole* 
cular weight, and yet differ in properties ; such 
compounds are said to be isomeric. These 
differences in properties are generally regarded 
as associated with differences in the arrsuigement 
or configuration of the atoms which form the 
molecules of the compounds in question. More 
or less conventional methods are used for ex- 
pressing the supposed relations between the 
properties of isomeric compounds and the struc- 
tures of their molecules. These methods are 
based on the hypothesis of atomic valency which 
has arisen from the application of the molecular 
and atomic theory to the study of isomerism 
(v. Equivalency ; FouMULiE ; Isomeuism). 

The term chemical constitution (g. v.) is often 
used to express that conception of cnemical com- 
position which includes an attempt to exhibit 
the properties of a compound as determined not 
only by the nature and number, but also by the 
relative arrangement, of the atoms which form 
the molecule of the compound. 

In the preceding paragraphs it has been 
assumed that the composition of every element 
is always the same. As a matter of fact many 
bodies which were once regarded as elements 
have been proved to be compounds ; and recent 
researches show that this process is likely to be 
repeated on some of those kinds of matter which 
are now classed among the elements. Be this 
however as it may, it is certain that some ele- 
ments exhibit different properties when they are 
obtained from their compounds under different 
conditions. Phosphorus, carbon, oxygen, sul- 
phur, and several other elements, exist in more 
than one form; they exhibit the phenomenon 
of allotropy. What we have learned of the 
connexions between properties and composition 
shows that these differences in properties are to 
be regarded as associated with differences in 
composition. The only consistent conception 
which can be formed at present of variations in 
the composition of elements is 'that which is 
furnished by the molecular and atomic theory 
According to this conception, the properties of 
an element depend not only on the nature of its 
atoms, but also on the numbers of these atoms 
which are combined to form a molecule, and on 
the relative arrangement of the atoms in the 
molecule Iv, Allotropy, vol. i. p. 128). 

M. M. P. M. 

COMFOUNl) BABIGLES. The study of che- 
mical composition and properties has led to the . 
conception that certain groups or collocation^ of 
atoms in the molecules of various compounds 
remain so closely associated throughout chemi- 
cal changes which the molecules undergo, thst 
the functions performed by those groups of 
htomsin these reactions are practically identical 
with the functions performed by elementary « 
atoms. Such groups of atoms are called co/n- 
pound radicles in distinction to the atom of an 
element which may be called a smple radk k. 
When two elements combine we maysav tlmt 
the compound is formed of twu simple ramoleu ; 
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$.g. NaOl ia formed of the radicles Na and 01 ; CONIFEEIN OjaHjaO,. [185®]* 8. (cold) *63U 
when two compounds combine to form what is [ajn - - 6G Sbat 20° (i?. 18, 1600). 
generally called a doicble oompound or a double Occurrence.^1. In the cambium of coni* 
ealtf which double compound is easily resolved ferous trees (Kubel, J»pr. 97,213). — 2. In small 
into the compounds by whose union it was quantity in beet-root, and hence it gives rise to 
formed, we may say that the double compound traces of vanillin sometimes found in beet-sugar 
is formed of two compound radicles, each of (Lippmann, D. 16, 44). — 3. In asparagus {B. 18, 
which can be isolated. Similarly, when a com- 3335). 

pound goes through a series of reactions with Preparation. — The juice of the cambial cells 

the production of new compounds, all of which of fir trees is boiled, ^tered, and evaporated to 
contain certain elements of the original com- crystallisation. 

pound, we may suppose that these certain ele- Properties. — Satiny needies (containing 2aq). 

ments were in some way closely associated in Efllorescent in dry air. V. sol. hot water, si. 
the original compound, and although we cannot sol. alcohol, insol. ether. LsBVorotatory. Some* 
isolate this group of elements, yet we may what bitter. Its aqueous solution is not ppd. by 
advantageously regard the original compound nietallio salts. Boiling dilute H.2SO4 splits it up 
and those produced from it as formed by the into glucose and a resin. Cone. H^804 gives a 
• union of this collocation of elementary atoms, dark violet colour, and, on adding water, an 
or this compound radicle, with other atoms, indigo-blue pp. It is hydrolysed by emulsin 
The conception of the compound radicle is only into glucose and coniferyl alcohol. Then^ and 
a widening of the conception of the element ; HjSO, give a blue colour, especially in sunlight, 
it is closely associated with the subjects of A dilute alcoholic solution Si thymol and KCIO, 
chemical classification and chemical constitu- turns coniferin moistened witli HBO4 blue 
tion (3.®.). In connection with this subject v. (Molisch, C. C. 1887, 366). Chromic mixture 
Radtclb and Types, vol. iv. oxidises it to vanillin, giving the odour of 

M. M. P. M. vanilla (Tieinann). In weak alkaline solution 
OONCHIOLIN V. Proteids, Appendix C. sodium amalgam reduces it to eugonol (L. 
OONCUSCONIDINE v. Cikohona bases. Chiozza, C. G. 1888, 443). 

COXCUSCONINE u. Cinchona BASES. Tetra-acetyl derivative CiaHigAc^O,. 

COKESSIKE CjJIypN. [121^°]. Probably [126°]. From coniferin and Ac^O (Tiemann a. 
identical with wnghtine (Stonhouse, Ph. [2] 6, Nagai, B. 8, 1140). Crystalline. Insol. cold 
493 ; Haines, Ph. [2] 6, 432 ; Warnecke, Ar. Ph. water, m. sol. cold alcohol and ether. 

[8] 26, 248, 281), which occurs in the bark and CONIFERYL ALCOHOL C.oII.jO, ' i.e. 
aeedu ot Wrightda antidysenterica, c&Ued conessi C^H,( 0 H){ 0 Me)(C 3 H 40 H). [4:3;1J. [74°]. 

bark ; occurs in the bark of Hofarr/wtKz n/nca«<x Formed by subjecting an aqueous solution of 
^P.a^Sd, and (though in much smaller quantity) coniferin to the action of emulsin at 25°: 
in the East-Indian H. antidysentei ica (Polstortf , Ci^Hs-Dg + H.O = CaRyfig + C,uH,y03 (Tiemann a. 
B. 19, 1682). White silky needles. V. sol. Haarmann, B. 7, Gil). Prisms. SI. sol. hot 
alcohol, ether, benzene, and chloroform, v. si. water, m. sol. alcohol, v. sol. ether. Sol. alkalis 
sol. water. Very bitter taste. Scarcely volatile and reppd. by acids in an amorphous condition, 
with steam. Tertiary base. HjSO, and dilute which softens at 160° and is v. si. sol. alcohol 
KIO, form oxy-conessine Ca^HmaNjO, {?), a base and ether. This amorphous foAn is coloured 
which is coloured rose-red by cone. H-^SO^ at red by cone. H.^SO^, and afterwards disso^ed 
100° (W.). with a red colour. Chromic acid mixture pro- 

Salts. — B'HClaq: small very soluble needles, duces vanillin, which maybe recognised by its 
B'HNO, : needles.— B'HCl.—B'jH.^Cl^tCl^ ^aq : characteristic odour ; the other products of oxi- 
very sparingly soluble yellowish-red needles.— dation are HOAc and aldehyde. Potash-fusion 
B'HGlAuOli aq : long yellow needles, v. sol. gives protocatechuic acid. Sodium amalgam 
* alcohol, nearly insol. water. — B'HCl,AuCl, 3^aq : reduces it to eugenol 0,„H,20j. 

golden-yellow needles. — E'HClHgCl,: needles, CONIINE CgH^N i.e. CjH,oPrN or 

•L sol. water. CH, 

Piorate B'0,H2(N0j)30H aq : very slightly /\ 

soluble glistening golden needles. E^C CH, 

Jfcfef Ay fo-iodirfe OijH^Mell^aq: tables. j ( • DextrO’{a)-pi‘opyl-piperidini. 

V. e. sol. hot water. hJo CH.0,H, 

Ethylo-iodide 0„HjoNEtI ^aq : glisten- N/ 

ing tables. NH . 

Methylo-hydroxide C„H.„NMe(OH) : Mol. w. 127. (169°). B.O. *846 (Petit, B. 10, 
strongly alkaline base formed by the action of 896) ; *886 (Schorm). S. (cold) 1‘11. S. (ether) 
AggO upon the iodide. It readily absorbs CO, 17. [ojo^lS-S. 

forming the carbonate ((l2H2^NMeO)jC04aq, Occurrence.— In all parts of the hemlock 

which crystallises in long needles. On beating {Conium maculatum) (OiesecFe, Brande’s Ar. 
to 0. 150° it splits up into conessine and MeOH Ph. 20, 97 ; Geiger, Mag. Phartn. 36, 72, 269 ; 
(Polstorff a. Soh irmer, 3. 19, 78). 36, 159 ; v. Planta a. Kekul6, A. 89, 129). 

CONOIBTIH V. Pbotbidb. * SynfAeeis.— (a)-^yl-pyridine (from (a).pico. 

CONOO'BJBB V, AmidchSulpho-naphthaleTie- lino and paraldenyae) on reduction with sodium 
aeO'diphenyUato-naphthylamins sulphonicacid, and alcohol gives (a)-propyl-pyridine bexaby* 
vol. i. p. 416 . dride; this (a)-propyl-piperidine is identical jo 

CONHYBEIN v. Comutm, all its properties with coniine, except that it is 

COHlCElDINE V. CoNWta, optically inactive, but by means of the acid tar- 

OONIOBXiIX V. CoNum. trate it can be separated into a dextro- and A 
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leTO* base, 4he former of which is identical with 
natural coniine (Ladenburg, B. 19, 2579). 

Formation. — 1. By heating cinhydnne with 
HI and phosphorus, and treating the resulting 
hydriodide of iodo-coniine with tin and 3SC1 
(Hofmann, B. 18, 6).— 2. By reducing (a)*ooni- 
celne with HI and P (Hofmann). 

Preparation. — 100 kilos, of hemlock seeds, 
after soaking in hot water till swollen, are mixed 
with a solution of 4 kilos, of NojCO, in 4 litres 
of water, and the mixture distilled with steam of 
about 8 atmospheres. The aqueous distillate is 
neutralised with SGI evaporated, NaOH added 
and extracted with ether. The residue aftet dis* 
tilling ofif the ether is fractionated. Another 
method consists in extracting the ground seeds 
in vacuo with dilute acetic acid, evaporating the 
solution to a syrup in vacuOt adding magnesia, 
and extracting with ether (Schorm, B. 14, 1766 ; 
cf. Wertheim, A. 100, 828 ; 123, 167). 

properties. — Oil, smelling like mice. Is a 
violent paralytic poison which acts on the 
motor nerves (Hoimann, B. 14, 705 ; cf. Christi- 
son, J. Ph. 22, 413; J. Chim. Med. 12, 461; 
Kuhlmann, N. Br. Arch. 23, 88). For white 
mice the lethal dose is *0768 g. per kilo., whilst 
•0750 g. does not produce death (Ladenburg). 
Its aqueous solution becomes turbid on warming. 
Volatile with steam. Alkaline to moist test- 
papers. Coniine (100 pts.) dissolves water (26 
to 30 pts.) and the solution when heated be- 
comes turbid from separation of water. V. sol. 
alcohol, ether, chloroform, benzene, amyl alcohol, 
and acetone ; si. sol. G3^ Coniine dissolves S 
but not P. Coniine gives a yellow pp. with 
phosphomolybdic acid, a cheesy pp. with po- 
tassio-mercuric iodide, and an orange pp. with 
potassio-bismuthic iodide. If coniine is dropped 
into a solution of alloxan, an intense-purple rod 
colour is gradually developed, while white 
needles separate, which dissolve in cold KOHAq 
forming a purple solution (Sohwarzenbach, cf. 

Blyth, Poisons, 1884, p, 261). Chloride of 
iodine gives a dark yellow pp. Coniine does 
not dissolve GaCl,. 

Estimation.— Oiipps, Ph. [8] 18, 611. 

Reactions, — 1. Oxidises readily in the air, 
becoming brown. — 2. Boiling chromic mixture 
evolves n-butyric acid (Blyth ; Griinzweig, A. 
162, 193). — 3. Alcoholic solution of iodine forms 
a dark brown pp. which afterwards disappears, 
the liquid becoming colourless. — 4. Bromine 
forms a mass of needles [c. 100°] ; if too much 
bromine is used a gummy mass is formed 
(Blyth). — 6. Chlorine gas produces a turbidity 
in moist coniine.— 6. Nitrous acid gas produces 
' azooonhydrine ’ CsH„NjO (Wertheim, A. 123, 
167).— 7. By prolonged treatment with HI 
coniine is reduced to octane and NH, (Hofmann, 
B, 18, 6).— 8. By distillation vdth sinc-dttst it 
loses hydrogen and is converted into propyl- 
pyridine (conjrine) (Hofmann, B. 17, 825). — 9. 
By the action of bromine in alkaline solution it 
gives a very' unstable bromo- derivative which 
probably has the formula C,H,sNBr. If this 
bromo- derivative is treated with HjS04 yields * 
(a)-conioe!ne ChH,,,N with splitting off of HBr. 
If however the elimination of l^r from the 
bromo- derivative is produced by treating it with 
alkalis (7)-oonioe!ne is obtained (Hofmann, B. 
18, 109). — 10. Beacts with aldehydu thus: | 


20,H„NH + OH,.CHO-.(C^„N).,OH.OH, +BLO 
Ac. (Sohiff, B. 6, 148). — 11. ChCoroformic ether 
forms C*H„N.CO,^t (246°). This is an oil, 
lighter than water, and very stable (Schotten, 
J5. 16, 1947).— 12. Phenyl cyanate forms the 
anilide of the same coniine v-carboxylic acid 
CsHie^'CO.NHPh, which is v. sol. alcohol, ether, 
and benzene (Gebhardt, B. 17, 8041).— 18. 
Phenyl thiocarbimide forms CgH.eN.CS.NHPh 
[88°] (G.). — 14. PhthaUc anhydride forms 
COjH.CgH^.CO.N.CgH,, [166°] the coniine salt of 
which when heated at 210° gives amorphous 
C^H,:CA:(NO,H,g)a (Piutti, Q. 13, 668; A. 227, 

^alts.— B'HGl : [218°]. Colourless deli- 
quescent laminte. Dry HGl is said to colour dry 
coniine blue. — B'jHjPtCla : orangD crystalline 
powder.— B'HBr : [100°] (Mourrut, Ph. [8] 7, 23). 
Trimetrio needles; a:6:c -‘8876:1: -4218.— B'HI : 
flat monoclidlc prisms; a:6:c- 1*2112:1:1*1632 
(Schorm, B, 14, 1765). — B'HI, ; octahedra 
(Baur, Ar. Ph. [3] 6, 214).— 0 x a 1 a t e B'jl^CjO, : 
small crystals,— Tartrate B'C*HoO,2aq: large 
trimetrio crystafa ; a:6:c- *7766:1: *6859. 

Combination. — B'2HgCl^ : lemon-yellow pp. 
(Blyth).— B'HjS (?). Unstable (Schmidt, B. 7, 
1626). 

Benzoyl derivative CgHuNBz. Thick 
oil. On oxidation with KMn04 yields the 
benzoyl • derivative of homo - coniio acid — 
CjHuNBzCOjH (Schotten a. Baum, B, 17, 
2648).^ 

Nitrosamine CgH,gN.NO. Azoconhydrine. 
(160°-160°). From coniine by treatment with 
nitrous acid gas, followed by water (Wertheim, 
A. 123, 167 ; 130, 269). Yellow oil. V. sol. 
alcohol and ether. HCl passed into its ethereal 
solution reproduces coniine, giving off N and NO ; 
zinc and HCl do the same. 

Methyl-coniine CgHjgNMe. From coniine 
and Mel. Formed also, together with C^H^ and 
HjO, by distilling its ethylohydroxide (Kekul6 a. 
Planta, A. 89, 143). Liquid. 

EthylO’hydroxide C,H,gNMeEtOH. 
From the preceding by successive treatment 
with EtI and moist Ag^O (K. a. ?,). Strongly 
alkaline base. — CgH,gNMeEtI : crystalline pow- 
der, not affected by aqueous KOH. — 
08H,gNMeEtC13HgClj.-(CBH,„NMeEtCl)^tCl4: 
yellow octahedra.— CgHigNMeBtAuClg. * 

Methylo-hydfroxide CgHuNMejOH. From 
coniine by treatment with excess of Mel, the 
resulting iodide being decomposed by moist 
Ag,0. 

Di-methyl«coniine (OgHj4Me)NMe. (182°). 
Prepared by the dry distillation of the methylo- 
hydroxide of methyl -coniine. Liquid. — 
(B'HCl)jjPtCl4 ; sparingly soluble needles. 

Methylo-iodide C.HigMeNMe,! : crystal- 
line solid. 

Methylo ‘hydroxide G,H,4MeNMe,OH : 
on dry distirtatiqp it splits up into Hp, CHjOH, 
NMe„ di-methyl-coniine, and conylene (OgH.g) 
(Hofmann, B. 14, 708). 

Ethyl-oomine CgH,^Et. From coniine and 
EtI, the resulting Ggn„NEtHI being decom- 
posed by EOH (R. a. P.). Oil, smelling like 
mice.— (CgHi4NEt)gH2PtClg : yellow oryatalline 
powder. 

EthylO’iodide OgH,gNEt..L Crystalline 
mass. Gives (OtH44NEt,Cl}yPtCV 
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Oiy^tliyl eOltibM o;h„n‘,cblch,oh. 

(HI**), The hydrochloride is formed by the 
eotion of glyool ohlorhydrin oh coniine. 

Benzoyl derivative 
0 aH},N.GH2.0Hg.0Bz. Prom BzCl and the 
above.— -BTSEI : small pearly plates.—B'HOl : 
very soluble crystals (Ladenburg, B. 14„2409: 
15 , 1144). . 

Tri-broino-oxy^onllne C,H„BrgON. Obtained 
as a by-product in the preparation of ( 7 )-ooni- 
o^e by treatment of coniine with bromine and 
allcali. Formed by the action of bromine and 
alkali u^n ( 7 )-ooniceihe (Hofmann, B. 18, 121). 
Heavy oil. Very unstable. The free base quickly 
decomposes spontaneously into the hydrobrom- 
ide and di-bromo-oiy-ooniceine 2C8HnBrsON 
- 0,H,4Brj0N,HBr + OgHjjBrjON. On reduction 
with tin and HCl it gives coniine and ( 7 )-coni- 
oelne. 

Salts. — B'HBr: needles.— B'ENO’*, : very 
sparingly soluble.— B'jHjCljPtCl^ : nearly insol. 
yellow crystalline pp.— B'HClAuClj : crystalline 
solid. 

l>i-methyl^)zy-ooniine CgHj^Me^ON. (226®). 
Formed by the dry-distillation of the hydroxide 
of the ammonium-base OHH,8MeON,MeOH, the 
iodide of which was obtained by digesting 
( 7 )-conicdne with methyl iodide and alcoholic 
NaOH (Hofmann, B. 18, 117). Colourless liquid. 
SI. sol. water. Strongly alkaline. — ^B'HCI,AuCl, : 
sparingly soluble crystals. 

Homo-eoxdio acid OgH^OjN i.e. 
OH^OHg.CH^CH(NHj).C]^CH^CH2.CO,H (?). 
Q58®]. Obtamed by saponification of the benzoyl 
derivative (Baum, B. 19, 602). White crystals ; 
V. sol. watw and alcohol. The aqueous solution 
reacts neutral. Optically inactive. Is not 
poisondus. It readily loses H^O, and is con- 
verted into the inner-anhydride. When treated 
with nitrous acid it evolves nitrogen. 

Benzoyl derivative 0,H,,NBz.C02H. 
[143°3. Formed by oxidation of benzoyl-coniine 
with KMnO, (Schotten a. Baum, B. 17, 2649). 
Needles or prisms ; sol. alcohol, nearly insol. 
water and ether.— A'Ag : nearly insoluble white 
amorphous pp. — A'gCu : blue amorphous pp. ; 
sL sol. hot water, insol. alcohol. 

Ethyl ether 0,H,5NBz.C0,Et. [95®]. 

Long white flat prisms; v. sol. alcohol, ether, 
nearly inqol. water and petroleum-ether 
(Baum, B. 19, ^). V 

Inner anhydride ChH„ON. [85®]. 
Beadily formed by splitting off H^O from the 
acid by heating it to its melting-point, treating 
it with absolute alcohol, <fec. (B.). White crystals. 
V. sol. water, alcohol, ether, and chloroform ; 
m. sol. petroleum-ether. Sublimable. It is re- 
convert^ into the acid by boiling with baryta- 
water and ppg. the Ba with COg. 

(a)-ConiceIn6 ChH^jN. [o.-16®]. (168®). 

V.D. - 4-81 (obs.). S.G. '893. 

FonnaMon.—!, Together with ^)-coniceine, 
bv heating conhydrine OgHpCfi^ with PgOj.— 2. 
Together with the (iS)-coniceine» by heating 
conhydrine with HCu. — 8. By the action of 
H^O. on the bromo- derivative OgHjgNBr ob- 
tained by treating coniine with bromine and 
KaOH. The yield is 40 p.o. of the coniine— 4. 
Together with (8)-oonicelne, by beating iodo- 
coniine C^H^IN. 

Colouiless liquid. 8L sol. water. 


Its odour is extremely like that of ooniihik 
Tertiary base of strongly alkaline reaction. lit 
physiological ^tion resembles that of coniine, 
but it is about five or six times as poisonous. 
By HI and P it is reduced to coniine. 

Salts. — B'HOl : six-sided tables. — 
B' 2 lLCl^tCl 4 : large yellow trimetrio prisms.— 
B'HClAuClj : yellow needles. — Pi orate 
B'C«H;(NO,,),OH [226®] : yellow needles ; si. sol. 
cold alcohol, nearly insol. water. 

Methylo-iodide B'Mel: crystalline solid; 
very sol. water and alcohol. — (B'Me 01 ) 2 PtCl 4 : 
yellow pp. (Hofmann, B. 18, A). 

(8)-ConioeiLne CgHjsN. [41®]. (168°). Formed 
together with (o)-coniceine (1) by heating conhy- 
drine CgHijON with PjOj, (2^ by heating conhy- 
drine with fuming HCl, (3) by heating iodo- 
coniine CsH^jIN above 100°. Colourless needles. 
Very volatile. Coniine-like odour. Secondary 
base of strongly alkaline reaction. Weaker poi- 
son than the (a)-ooniceine. . 

Salts.— B'HCl : colourless, very soluble 
prisms.— BHClAuCl,. * 

( 7 )-ComceiLne CgH^N. (173°). Obtained by 
the action of aqueous alkali upon the bromo- 
derivative CgHi^NBr formed by treatment of 
coniine with bromine in alkaline solution ; the 
yield is 30 p.o. of the coniine. Colourless liquid. 
Not solid at —60°. Volatile with steam. About 
12 times more poisonous than coniine. SI. sol. 
water. Strongly alkaline. Lighter than water. 
Secondary base. By further treatment with 
bromine and alkali it is converted into tri-bromo- 
oxy-coniine C 8 H, 4 BrsON. By digesting with 
methyl-iodide and alcoholic NaOH it yields tlie 
methylo - iodide of oxy • di - methylo - coniine 
CjHjjMejONMel. 

Salts. — B'jjHjCljPtCl^ : large crystals ; S (at 
20°) 2'4. — B'HClAnClst sparingly soluble oiy?,- 
tals.— B' 2 H^Cl 2 SnCl 4 : large crystals, the most 
characteristic salt of the base. 

Acetyl derivative C8Hj4NAo(252°-266®); 
oil (Hofmann, B. 18, 111). ^ 

Oxy-conice'me C.HjjON (210®-220®). Formed 
by reduction of di-bromo-oxy-coniceine with tin 
and HCl (Hofmann, B. 18, 125). Colourless 
fluid. Volatile with steam. By digestion with 
alcoholic KOH it loses HjO and is converted into 
coniceidino 

Salts. — JB'HCl: colourless needles.— 
B'HCIAuCl, : easily soluble thick needles. The 
stannic double chloride is sparingly soluble. 

Di-bromo-oxy-coniceine OgH,jBrjON. Formed 
by spontaneous decomposition of tri-bromo-oxy- 
coniine, thus : 20 „H, 4 Br 30 N = C^j^BrjON.HBr - 
OHHjjBrgON. Prepared by shaking the tri- 
bromo-oxy-coniine hydrobromide with aqneQUS 
NaOH and ether. By Mn and HCl it is reduced 
to oxy-coniceii\p (Hofmann, B. 18, 124). 

Coniceidine O.jHajNj. [66°]. (above 300°). 
Colourless needles. Sol. alcohol and ether. 
Formed by elimination of BijO from oxy-ooni- 
ceine by digesting it with alcoholic KOH. 

Salts. — B'HCl: small sparingly soluble 
tables. — B^HiCl^PtCl. ; nearly insoluble ne^ea 
(Hofmann, B. 18, 12^. 

Conhydrine O^H^NO. Oxy-coniim, [121®], 
(225°) at 720 mm. Accompanies coniine in hem- 
lock seeds (Wertheim. IT. 47 [2] 299). Glit- 
tering plates (from ether). M. soL water, t. soL 
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iJoohol and ether, Alkaline. Does not react 
with nitrous acid. Is a weak narqptio poison. 

Reactions,—!. By the action ot P,Oj it is not 
converted, as Wertheim (^1. 127, 75) supposed, 
into coniine, but into a mixture of (a), and (iS)- 
conicelae OgHuN. These products are luso 
formed by heating conhydrine with strong HOI 
(Hofmann, B. 18, 6).--2. By heating with HI 
and P it is converted into an iodo-ooniine 
0«H, JN, which on heating above 100^ is converted 
into the hydroiodides of (a), and (/3).conioeine, 
and is reduced by4in and HCl to coniine. — 3. 
PBr, converts it into a bromo-coniine C^Hj^BrN. 

Salt.— B'jHjPtCl,: red crystals. The sul- 
phate is also crystlilline. 

Ethyl-conhydrine CgHigEtNO. Formed by 
the action of EOH on the crystalline compound 
of conhydrine with EtI. Oil. 

Ethylo-iodide OsH,gEtNOEtL Trime- 
tric crystals; <2:6:csa *8823:1: *105 (Zepharovich, 
Sitz. W. 47 [1] 276). Converted by Ag^O into a 
caustic ethylo-hydft)xide, whence HOI and PtCl4 
give (CgHiHEtNOEtCljaPtCl*: dimotric crystals; 
a:c=l: *870. 

Paraootticeine CgH,jN. Paraconiine, Mol. 
w. 125. (109^). S.G. ft *913 ; ‘»-2 *842. 

Formation. — 1. By heating butyric alde- 
hyde with alcoholic NHj and distilling the re- 
sulting dibutyraldine (Schiff, A. 157, 352 ; 1C6, 
88; B. 6, 42). — 2. Prom butyUdene chloride 
CBfg.CHj.OHj.CHCla (or bromide) and alcoholic 
Nflj at 180® (Michael a. Gundelach, Am. 2, 172 ; 
B. 14, 2105). 

Projperites.— Yellow liquid, smelling like 
coniine. V. sol. alcohol and ether; si. sol. 
water. The aqueous solution becomes turbid 
when warmed. Inactive. As poisonous as 
coniine. Chlorine water produces in the aqueous 
solution a white pp., sol. IICl. The hydro- 
chloride, when evaporated, becomes violet. 
Iodine dissolved in KI gives a brown pp. Is a 
tertiary basef— B'jH,,PtCla : orange crystals. 

•‘Paradiooniine’O.gHj^N. (210®). S.G. *916. 
Formed, together with paraconiceine, by the pro- 
longed action of alcoholic NHj on butyric alde- 
hyde. Its salts are amorphous. 

COBIMENE C,jH..,. (204®). An essential 
oil obtained by steam -distillation from conima 
or incense-resin (called also Gum Hyawa), the 
produoeof Jaca/t^i<ip%iZ^i(Steuhou8ea.Grove3, 

G. J. 29, 175). 

CONaBlNAMINE v. Cinchona bases. 

CONQUINENE v. Cinchona bases. 

CONQUININE V . Cinchona bases. 

CONSTITUTION, CHEMICAL (c/. Composi- 
tion, chemical). — The conception of chemical 
constitution is a development of that of chemi- 
cal combination. All dur present notions on 
the subject of constitution are estentially mole- 
cular and atomic. We cannot, indeed, express 
our conceptions of chemical constitution without 
using the lanfuage of the molecular theory. 
The chemical molecule is regarded as a definite 
structure built up of atoms, or groups of atoms, 
which are related to one ^nother in a definite, 
although as yet unknown, way. The ppperties 
of the molecule are regarded as conditioned by 
the nature and number of the atoms, and also 
by the relations between the atoms, which form 
the molecule. Our only method of expressing 
the relations which undoubtedly oxist between 
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the parts of molecules is based on supposing 
these relations to be essentially spac e-relations, 
We try to picture the molecule as a configura- 
tion of parts, each of which bears a definite 
space-relation to each other, while all are capa- 
ble of i^rforming regulated motions without the 
disruption of the molecule. 

This conception of the molecule as a struc- 
ture is developed in the hypothesis of valency, 
and attempts are made to give consistent repre- 
sentations of it, with the help of certain conven- 
tions, in constitutional or structural formulie 
(ii. Equivalbnoy ; Formul.e ; Isomerism). 

M. M. P. M. 

CONTACT ACTION v. Chemical change. 

CONVALLAMARIN Occurs, toge- 

thor with oonvallarin, in the lily of the valley 
(Gonvallaria majalis) from which plant it may 
be extracted by alcohol (Walz, N. Jahrb. Phami, 
1858, 10, 145 ; Langelbert, J. Ph. [6] 10, 26 ; 
C. J. 48, 271). Powder, with bitter taste, v. sol. 
water and alcohol, v. si. sol. ether. Decomposed 
by boiling dilute^H^SO^ into glucose and oon- 
vallamaretin, which separates in crystalline 
spangles, and becomes resinous in boiling 
water. 

Convallarin. Rectangular columns. Insol. 
water and ether, v. sol. ether. Resolved by boil- 
ing dilute aoids into glucose and oonvallarin. 

CONVICIN V. ViciN. 

CONVOLVULIN Oj.HjoO,,. [160®]. Occurs 
in tuberose or officinal jalap root (from Convol- 
vulus Schiedanus), and may be extracted from 
jalap resin by washing with ether, then exhaust- 
ing with alcohol, and evaporating the alooholio 
extract (Mayor, A. 95, 161 ; A. F. Stevenson, 
Ph. [3] 10, 644). A hard resin. Oddurless, 
tasteless. Sol. chloroform, and hydro-chloric 
acid; insol. water, ether, light petroleum, CS„ 
benzene, and oil of turpentine. After being taken 
internally it is not secreted unaltered (Dragen- 
dorff, 0. G. 1886, 689). Dissolves in H^SO, to 
a bright red Colour. Potassium chromate, per- 
manganate, nitrate, or chlorate give an odour 
of rancid butter and an olive green colour. 
Cone. HNOj gives oxalic acid and ipomio acid 

C,oH,804. 

Convolvulic acid C^II^oO,, (?) [100®-120®]. 
Formed by boiling oonvolvulin with baryta- 
water (Kayser, A, &1, 81 ; Mayer, A. 83, 126 ; 
95, 162). White hygroscopio substance; sol, 
water and alcohol, insol. ether. 

Salt 3.— KA' ^aq : [100®-110®J ; amorphous.— 
BaA'j. — PbA'g. 

Convolvuliuolic acid Cg^H^,08aq. [39®]. 

Formed, together with glucose, by the action of 
emulsin or of dilute acids on convolvulic acid. 
Minute needles : v. si. sol. water, v. e. sol. alco- 
hol, m. sol. ether. Tastes bitter. Cone. HgS04 
turns it red. Gone. HNOj gives oxalic and iporaic 
aoids. The same body, or an isomeride, is formed 
by fusing convol^lin or convolvulic acid with 
moist NaOH. It forms salts : BaA',aq (at 
100®).-PbA'2.— OuA'g 4aq (at 100®). 

. OONTLENE v . Ooxinenr. 

COHYLENE BROMIDE v. Di-bromo-ootyIi* 

SHE. 

OONYLENE GLYCOL v. Di-oxt-ooxilens. 

OONYBINE is (a).PBOPYL-PYRIDINK (^. V.). 

COPAIB A BALSAM. Exude.s from incisions in 
tile stomaof various species of Goj^aiforoh Dluretiot 
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Itoontama alfiToratatoiy terpene(Oopaiba oil) 
(250®-260«) ; S.O. *9 ; V.D. 9*5. The ter- 
pene from ordinary copaiba balsam yields a crys* 
talline hydrochloride Ca^^^HCl [77®], bnt those 
from Maracaibo balsam do*not(Bonastre, J, Ph. 
11, 629 ; Ader, J, Ph. 16, 96 ; Gerber, Brande’s 
Arch. 30, 167; Blanchet, 7,156; Soubeinin 
a. Gapitaine, J. Ph. 26, 70 ; A. M, 321 ; Fosselt, 

A. 69, 67; Lowe, Ph. 14, 66; Strauss,^. 148, 151). 
The terpene from Maracaibo balsam yields 
terephthalio acid on oxidation (Brix, M. 2, 507). 
Moist copaiba oil distilled over sodium gives a 
dark blue hydrate CjoH,j^aq (252® -260°). The 
different varieties of copaiba balsam also con- 
tain resins and resinous acids (Stoltze, Jahrb.f. 
Phami. 27, 179 ; OberdOrfer, Ar. Ph. [2] 44, 
172; Ulek, Ar. Ph. 122, 14; Stockhardt, Ar. 
Ph. 38, 12 ; Procter, Ph. 10, 603 ; Roussin, J. 
Ph. [4] 1, 321 ; Schweizer, P. ITn 784; 21, 172 ; 
Rose, P, 33, 83 ; Hess, A. 29, 140 ; Fehling, A. 
40, 110 ; Wayne, Am. Joum. Pharm. [4J 3, 326 ; 
Siebold, Ph. [8] 8, 260; Bowman, Ph. [3] 8, 
830 ; Martin a. Vigne, J. Ph. 1842, 62). On 
oxidation with K^CrjOjandHo^^ copaiba balsam 
yields f*-di-methyl-succinio acid [140®] (Levy, 

B. 18, 8206). 

CopaiTic acid C2<,H3jO,(?) Extracted by 
alkalis from copaiba balsam (Rose, A. 13, 177 ; 
40, 310 ; Fluckiger, J. pr. 101, 235 ; Rush, Ph. [3] 
10, 5). Crystalline.— CaA'2.~PbA'j.—AgA'. 

Metaoopaivic acid [206°]. Ex- 

tracted by alkalis from Maracaibo balsam ob- 
tained from Columbia (Strauss, A. 148, 153). 
Plates. Insol. water, v. sol. alcohol and ether. — 
OuA^^aq. - Ag^A^aq. 

Oxyoopaivic acid CgoHjsO,. [o. 120°]. Found 
in a balsam from Para (Fehling, A. 40, 110). 
Crystals. Forms an amorphous hy^ate C2»H,,04. 
PbAV-AgA, 

OOFAL. This name is given to a variety of 
resins which exude from different trees, e.g, 
Bhus copaiUna, Elcocarpus copalifer^ Hymcrujsa 
verrucosa^ Dammara australis. They contain 
many resins, and often yield terpenes on distil- 
lation (Filhol, A. 44, 323 ; Thomson, A. 47, 351; 
Schibler, A. 113, 339 ; Unverdorben, B. J. 11, 
266 ; Violette, C. B. 63,461 ; Muir, G. J. 27, 733 ; 
Bennie, C, J. 39, 240). A similar substance 
(oopaliu) is found fossilised at Highgate (John- 
ston, P. M. [3]' 14, 87). . 

COPELLIOINE V . Tri • hbtuyl • pybidinb 
HXXAHmitinE. 

COFFER GROUF OF ELEMENTS. Copper, 
SlLvas, Gold. These metals occur native ; they 
have been known and used from very early 
times. They show a general resemblance to 
each other in their physical and chemical pro- 
perties, but there are Terences between them. 
The table in the next column presents some of 
their properties. 

The three metals are hard, lustraus, malleable, 
tenacious, and ductile; they^are go^ conduc- 
tors of electricity ; they crystallise in forms be- 
longhig to the regular system. Cu is oxidised 
by treating in air ; Ag combines very slowly with. 
0 at extremely high temperatures ; Au does not 
directly combine with O. Cu and Ag interact 
with acid to form salts ; An is acted on by aqua 
regiot but not by HCL^i or PNO, separately. 
Cu decomposes steam at a red heat { Ag and Au 
are without action on steam. 


e . 

Copper 

Silver 

Gold 

Atomic weight . 

68'S j 

107'66 

107 

Itloleoolar weights are unknown. 

Melting.poitit . . 
JSpee^ gi'adtg 
(approximate) . 
Atomic %oeight . 

0. 11000 

8*8 

7*2 

•095 

0 .IOOO 0 

10*5 

10*8 

•057 

0.11^ 

lOf 

10*1 

•0824 

Specific gravity . 
Speeifk heat . . 

Heats of formation of various compounds (Thomsen). 

. . . 

[M’.O] . . . 

. . . 

65,750 

40,810 

20,270 

58,7^ 

6,950 

5,340 

11,620 

Heats of neutralisation of oxides (Thomsen), 

[M*0,2HClAq] . | 

j 49,800 

42,580 

1 [AuO*H» BHOlAq) 

1 »18,440 


General fortnuloiand character of compounds, 
— Oxides, MO and M^O, also AujO,. Sul- 
phides, MS (except Ag), MjS. Haloid com- 
pounds, MXj (except Ag), MX or MjX^, AuX,. 
Salts, CujX.AgjX, andafewAUjX; CuX; a few 
AujSX ; (X = SO,, 2NO3, CO3, po,, S^O,, &o.). The 
oxides CuoO and AujO are produced by reducing 
cupric and auric salts, e.g. CuSO,Aq and AuClsAq, 
in presence of an alkali; AgjO is obtained by 
adding alkali to an argentous salt.e.p. AgNOaAq. 
Addition of alkali to a cupric salt, e.g. CuSO,Aq, 
ppts. OuO.HjO, which loses water on heating to 
dull redness ; addition of alkali to an auric salt, 
e.g. AuGlgAq, ppts, AuaOj.SHjO, which lo }g 
water at 100®, and at a higher temperature be- 
comes AuO ; argentic oxide AgO is formed by 
the action of ozone on Ag^O. Of the oxides of 
Cu, GuO is the more stable ; it dissolves in acids 
and forms a large series of well-marked salts ; 
CujO forms a few salts by directly interacting 
wi^ acids, but generally it reacts to form salts 
of CuO with separation of Cu. Of the oxides of 
Ag, AgjO is much the more stable ; it reacts with 
acids to form argentous salts ; AgO acts towards 
acids as a basic peroxide, forming argentous Shits 
and evolving 0. None of the oxides of Au is 
stable ; a few salts corresponding to each are 
known, e.g. AUgS^O, derived from AojO, AuSO, 
from AuO, and AuCl, from AUjOg. The oxides 
of Cu and Ag are distinctly basic ; moist Ag^O 
acts like a weak alkali, although a hydroxide has 
not been certainly isolated. AujO and AuO are 
feebly basic ; AugO, is also feebly basic, but it 
likewise dissolves in EOHAq to produce a salt, 
E[AuO„ in which Au forms part of the negative 
radicle. 

The sulphides CujS and Au^S ore produced 
by the combined action of and reducing 
agents on cupric and auric salts ; e.g. a cupric 
s^t heated in HgS aifd then in H gives Cu^S ; 
AnCl, dissolved in KCNAq and ppd. by 
gives AUjS. Argentous salts give AgjS on ad^- 
tion of HjS. The sulphides CuS and AuS are 
formed by reactions between Hf3 and cupric or 
auric salts. Both sulphides of Cu, and sulphide 
of Ag, are stable ; CUjS being the more stable of 
the On sulphides, l^ese sulphides are basic, 
forming some compounds with the sulphides of 
less positive elements, e.g. Gu^S.SbgS, ; Cn^S also 
forms some double compounds in which it 
appears to be negative to the other constituent, 
e.^. E2S.3Cu2S.2OuS. AujS when freshly ppd. 
dissolves in water ; both this sulphide and AuS 



OOPPEB. 


m 


dksolvs in alkali sulphides to form sulpho-salts, 
e,g. NaAuS, KAuSj. ^ 

The salts of Cu belong to two sories; e.g, 
OuaClj representative of cuprous salts, and CUSO4 
representative of cupric salts ; the cupric salts 
are the more stable. Silver forms but one series 
of salts, the argentous salts, e.g. AgNOj, Ag^SO^. 
Few gold salts are known ; AugSp, is a repre- 
sentative of the aurous salts, AuSO* represents 
the auro-auric salts, and AuCl, belongs to the 
auric series. Auric chloride and bromide AuCl, 
and AuBr, combing with HCl and HBr respec- 
tively, forming the monobasic acids HAuCl^ and 
HAuBr^. Gold is distinctly the most negative 
of the three elemeipts Cu, Ag, Au ; the non-me- 
tallic character of Au is shown in the formation 
of aurates, e.g. KAuO.^ derived from Au.Pj, of 
sulpho-aurates, e.g. NaAuS and KAuS^, derived 
from AuS, of the acids HAuCl^ and HAuBr^, and 
in ^e instability of the salts of Au. Silver is 
distmotly metallic in all its chemical relations. 
Cu is also metallic, but the formation of such 
compounds as K^S-.^Ca B.2CuS shows a tendency 
of Cu to react as a feebly non-metallic element. 

The position of the elements Cu, Ag, Au in 
the scheme of classification based on the periodic 
law is peculiar {v. Clvssifioation, p. 204). These 
elements are placed in Group I. ; this group com- 
prises Li, Na, K, Rb, and Cs, which are the most 
positive, and chemically the most metallic, of all 
the elements ; but Cu finds a place in the long 
•period containing the metals Fo, Ni, and Co ; 
Ag comes in the long period which contains Rh, 
Ru, and Pd; and Au follows Os, Ir, and Pt. The 
three sections of Group VIII., viz. (1) Fo, Ni, Co, 
(2) Rh, Ru, Pd, (3) Os, Ir, Pt, appear to impress 
their own properties on the elements immedi- 
ately preceding and succeeding thorn. Cu, Ag, 
and Au exhibit analogies at once with the other 
members of the group to which they belong, and 
with those metals of Group VIII. which form 
part of the»Zi)n.[/ periods including Cu, Ag, and 
Ah respectively. The analogies with the metals 
of Group VIII. are shown in the physical pro- 
perties of Cu, Ag, and Au, and also to some ex- 
tent in their general chemical characters. The 
analogies between the alkali metals and the ele- 
ments of the Cu group are shown in the com- 
position of the alkali salts and the cuprous salts, 
the argentous salts, and the few aurous salts 
which have been isolated ; also in the basic 
character of cuprous, argentous, and aurous 
oxides. The existence of AgO and CuO.^,, and 
the fact that those behave as peroxides, esta- 
blishes an analogy between Cu and Ag on one 
side, and Na or K on the other ; Ag also forms 
an alum, Ag2S04.Al2(S04)g.24H20 ; moist AgP 
reacts as a weak alkali ; Iho non-existence of any 
salts of Ag except those of •the type AgX 

(X=»?2iiNO« Ac.) establishes another resem- 

' 2 t 

blance between Ag and the alkali metals. It 
should be noted here that the molecular formula 
of cuprous chloride is Cu^Cl;^, while that of silver, 
chloride is AgCl ; in this ;^omt Ag resembles the 
alkali metals, as the molecular formulte XCl and 
CsCl have been established. Au differs more 
than either Ou or Ag from the alkali metals ; this 
difference is emphasised in the acidic oliaracters 
Of AugS, and AuS, iu the formation of 


BAuOli, Ao., and in the great instability of the 
salts of Au ; on the other hand, the solubility in 
water of Au^O and AujS suggests the solubility 
in water of the oxides and sulphides of the alkali 
metals. The methods of formation of Au^O and 
AujS i^ggest the processes by which Cu]0 ami 
Cu-jS are formed. (For more details about tho 
metals of the copper group, v. Coppee, Silveu, 
Gold ; v. also Noble metals.) M. M. P. M. 

COFFER. Cu. At. w. 63’2. Mol. w. unknown 
(c. 1100° ; for various determinations v. Carnel- 
ley’s Melting and Boiling Points). S.G. varies 
from 8‘36 for finely divided Cu to 8'96 for ham- 
mered Cu (v. Playfair a. Joule, 0. S. Mem. 3, 07 ; 
Dick, P. M. [4] 11, 409 ; Baudrimont, J. pr. 7, 
287 ; Hampe, 0. C. 6, 379 ; Marchand a. Soheerer, 
J. pr. 27, 193, Ac.). S.H. (15°-100°) 09.33 ; 
(16°-172°) -0948; (17°--247°) -0908 (B6de, 

B. 27 [1866-6fij. C.E. (linear 0°-.100°) •00001000 
(Matthiessen, Pr. 15, 220). C.E. (cubical) Vt == V^ 
(1 + -00004443^ + -0000000555^“) (Matthiessen, 

1. C.). T.C. (Ag = 100) 73*6 (Wiedemann a. Franz, 
P. M. [4] 7, 33). E.C. at 0. 19° (Ag wire = 100), 
93 (Matthiessen* Tr. 1860 ; Pr. 11, 126). E.C. 
at 0° (Hg at 0° = 100) 0. 52-54 (Siemens, P. M. 
[4] 21, 24). E.C. is much decreased by small 
quantities of P, As, Zn, Fe, Sn, Ac. (v. Matthies- 
sen, I.C.). Emission-spectrum characterised by 
lines in the green 6217, 5153, and 5106 (Thal^n) 
Hartley {Tr. 1884. 105) gives the following as 
prominent lines of high refrangibility : 3273-2 
3246-9, 2544-C, 2370-1, 2248-2, 2247*7, 2244, 
2243-6. Crystallises in regular ootahedra. S.V.S, 
c. 7-1. 

Occurretice.—Yery abundantly; as metal, 
oxide, sulphide, chloride, arsenate, carbonate, 
phosphate, sulphate, silicate, and vanadate. 
Small quantities of salts of Cu are found in sea- 
we'ed (Malaguti, A. Ch. [3] 28, 129) ; in sea-water 
(Dieulafait, A. Gh, [5], 18, 349) ; in the blood of 
various animals {v. Harless, Ghem. Gazette^ 1848. 
214; Genth, P. 96, 60; /.1848. 871,874; 1849.’ 
530 ; Ulex, J. pr. 94, 370 ; Wioko, W. J. 1866. 
73) ; in flour, eggs, Ac. (Odling a. i)upr6, Guy's 
Hospital Reports^ October 1858) ; in all plants 
that live on primary rocks or on soil derived from 
these rocks (Dieulafait, A. Gh. [5] 10, 650). In 
many mineral waters. Copper has boon known 
and used for making tools from very early times. 

Formation.— 1 % From native oxides and car- 
bonates by melting with silica in presence of 
lime and oharcoal ; silioate of calcium is formed 
and the charcoal reduces the oxide of copper. — 

2. From native sulphides, and sulphides of Cu 
with Fe, Ac., by roasting and then melting ; CuO 
is first formed, and then reacts with FeS in the 
ores to form CuS and FojO,, the greater part of 
the iron passes into the slag ; by repeating this 
process approximately pure CuS is obtained ; this 
is roasted so as to convert a part of it into CqO, 
the mixture <>f CuO and CuS is melted in closed 
apparatus when* SOj and Cu are produced 
(2CuO + OuS = 3Cu + SO J ; the impure copper is 
refined by poling ^ a process consisting in stirring 
tho melted metal, covered with a layer of anthra- 
cite, with a green pole of birch or oak, the heated 
wood evolves reducing gases (CO, H^O, hydro- 
carbons).— 3. From oxide, or from roasted native 
sulphides, by treatment with heated cone. NaClAq 
whereby GuCl^ is formed and dissolved, followed 
by ppn. by means of scrap ixon.^4* From oxide. 
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I »aa^ chtwottorsatfett 

plWiqrflC bvs^dt^S^ f '>? “‘“n O' fe^es of 8 to to 

CuOHsenfc (Diak, P. K [4] 11 40D- mSSJL- 

- — ‘~ ■ - jS=rJLt,‘=!iJ5'.?«-<"» 


brrfr.n7r ..S” “■ f ‘ <“««<* >■» 

^ d^tod mtu nearlj but not quite 
“*• " *'“d from Zn or by 
’!"!’* "?T dUnto HClAq; it is then 
^hed, dried, and fused under borax ; or the pp. 

““d is washed, dried 
tpckly at 75 , and heated in a stream of H 
^ttor. A. 89, 172). [For impurities in com- 
S“J.®Sl,“PP^'^ ”• “• ^‘«*d, C. J. 14, 280.1- 

B i? ^ and 

TO T«m PP‘®- I'licVly (Wohler, A. 

/u, d. Commercial copper h dissolved in 

b2ilAd??J{f ^a.tev; the solution is 

fc^ed with a little HNO, (to oxidise Fe salts) and 
^stalUsed the crystals are recrystaUised from 
water, dissolved and electrolysed (Millon a. Com- 
Hanipe (Fr, 1874, 
M2) adds KOHAq to CuSO.Aq until a pp. of 

PP- contains any Bi 
wnioh might have been present in the CuSO.) ; 
the filtered solution is evaporated and crystallised 
toec^stals are dissolved in the smallest possible 

added to every cc. solution ; an electric cur- 

electrodes, the current being stopped 
Wore ^e whole of the Cu is ppd., whereby Fe, 
remain in solution ; the 
ppd. Cu 18 washed and dissolved in pure HNO Aq 
®7?Pfated to dryness, and 'the 
Sh by heating; the 

S.«o “ f«?uced by heating in pure H. The Cu 
thuB oMained is dissolved in HjSO.Aq ; crystals 
2 obtained, and the foregoing process 

^ejwtrolysis is repeated. The metal oLined 


. 362) volatilised Cu in a H stream by 
I ^ through it from GOO Bunsen- 

.cells. Molten Cu absorbs various gases (Hampe, 

msm^iavt rTuTO ® ««aSaliZn 
Graham, P, M. [41 32. 
503 ; Lucas, A. Ch. 12, 402 ; Marohand a. Sohee- 

“ considerable 

quantity (finely divmed Cu absorbs *6 vols. of H, 
Vr am) ; the whole of the H is not given out on 
?? heating to 160° (Lietzenmayer. P. 

11, 300) ; but if the Cu is heated to 260'^it is 
slightly oxidised, and if it is Ohen heated to red 

and the CuO is reduced (L., Z.c.). Cu prepared 
by reducing CuO in H retains a little H, which 
may be removed by the method described; or 
by heaLng in a stream of formic acid vapour 

absorbed 

by molten Cu ; CO., and N are not absorbed. Cu 
m masses is unchanged in dry air ; when gently 
heated it is superficially oxidised to Cu.,0, at a 
CuO are formed; 

undi^ R? considerably 

under a red heat. In moist air containing CO., 

^ greenish basic 
caibonate ; after a considerable time the interior 
of such Cu contains crystals of Cu 0 (D P T 

to oSbiiV-; 

dnemg CuO under red heat, is changed by ordi- 
nary air ‘o Cu.p. Cu in mass decomposes H„0 
at a full red heat, and then only slowly. Cu is 

“ids in 


~~-C — icjt/cttieu. xne metal obtained I thnnii-- oofoKi t unuie or^nic acids in 

1^ the second electrolysis is boiled in water to I to remain in^r® therefore, be allowed 

remove traces of nndecomposed CuSO The Cu i f h vessels exposed to air, although 

thn, obtained is heated to a verf high tempera“ I then “ 

tare m a porcelain tube in a current of^uro i the air. Cn is 

OOj (abont 60 grams Cn at a time) until meftod* I diesolvcd by HClAq or HjSO,Aq in pre- 

H i. then passed over the molten mctaT for a ! CuSO, and 

UiM, and finally it ie allowed to cool in CO — i Cu^^nH b^ hht? 

6. Rnoly divided Cu may be obtained (at bv're i wOh .'■?“d'*y dissolves the metal 

toetotoO in a stream"^ of H; (5) by'KgW ’ ciso Id h 

heati^ a mixture of 6 parts CmCl with 6 ntirZ I hi"! n NH,Aq,m presence of O, 

*7 toW and wme NH.Cl. and' wirhfnrto NH Cn-NH nitrate; heated in 

podnet (Idebig a. Wdhler, P. 21. 682) • (!) bv fthe;S!.„ir u ®™®^’. NH.ealts, and some 
^stinir CuSO.Afi with aiftnri I opW metallic salts, in solution dissolve appre- 
ciable ouantitipa nt Hr, n ,.PP^? 


aigesting CuSO,Aq with sifted zinc polde/ 
p^nng oS the liquid before quite colourless, 
Wiping the residue with dilute HCUq, pressing 
between paper, and drying at about 76°. ^ 

Prop^ties^A, reddish-yellow solid. The red 
Woor of or^ary On is due to lefilm of Cu,0. 

slow ellc- 

trolytus deposition, or by ppn. by means of P, in 

system. Melts at high temperature, about 1100° •. 
e^ndft^n solidifying; very ductile, malleable! 

elMtic; fairly tenaemus; very good 
teatand electridi^ ; may bXighly 
pohshed; wnorouB. Copper melted in air as- 

IS!?!! atruoture on cooling owing to 

woape of bobbies of gasreitber CO formed when 


{v. Copper, aijlots op).*' ^ 

The atomic weight of Cu has been determined 
by reducing CuO in H (Berzelius, P. 8 18'^* 
Erdmann a. Marchand, J.pr. 81, 391 ; Millon V 
^mmaiUe C. E. 67, 147 ; Hamf e, Fr. 13 3.6 1) 
(2 by electrolysing CuSO, Aq and weighing iha 
15, 867; Shaw, P. M. [61 23 
138) ; (3) by reducin|r AgNO,Aq by pure Cu aid 
^ (Bichards, P. A^ a. 22 ; 23 
17^. The nbmber 63*2 is confirmed by the S.il’ 
of Cu, and by comparison of the crystalline forms 

aid compounds! 

^d also with oomi^nds of Co and Ni» and with 
some eompotmds of Ag. 
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Copper is distinoily a metallio element; it 
forms salts by replacing the H of most acids; 
most of these salts belong to th# series OnX, 
SO 

where X “ 01, NO 3 , <fec. ; but several cuprom 
2 ^ 

salts, Cu-Xj, are also known. There are indica- 
tions of the existence of compounds of Gu with 
strongly positive metals and 0, in which the Cu 
forms part of the negative radicle of the salts, 
but such salts have not been isolated (u. Coppbb, 
OXIDES op). Copper is analogous in its chemical 
relations on one hjllid to Ag, and on the other 
to Fe, Ni, and Co ; it also shows similarities with 
Au and with the alkali metals. In the periodic 
classification of tlfe elements Cu is generally 
placed both in Group VIIL, which comprises Fe, 
Ni, Co, and the Ft metals, and also in Group L, 
which includes H, the alkali metals, Ag, and Au 
(t>. Copper group of elements). The valency of 
the ttom of Cu has not been determined with 
certainty ; the onli” compound whoso molecular 
weight in the gaseous state has been determined 
is CUjCl.;, the atom of Cu is most probably di- 
valent in this molecule. 

Allotropic form of copper. Schufzcn- 
,berger {G. B. 86, 1266) described a bronze-co- 
loured solid, obtained by electrolysing a solution of 
Cu acetate containing some basic acetate (produced 
by boiling) ; the negative electrode consisted of a 
plate of Ft, and the positive of a somewhat larger 
Cu plate; 2 Bunsen- or 3 Daniell-cells were 
used ; the electrodes were placed 3 or 4 centims. 
apart. The bronze- coloured body was deposited 
on the face of the Ft electrode turned towards 
the Cu plate. The deposit was lustrous ; very 
brittle ; S.G. c. 8 to 8’2 ; it contained 6 to 10 p.c. 
CuO ; it was oxidised readily in moist air ; cold 
HNOjAq (10 p.c.) dissolved it readily with evolu- 
tion of nearly pure NjO. This substance was 
changed to ordinary Cu by heat. No H was 
evolved by Ijjsating to 100® in COj. Wiedemann 
(W. 6, 81) says that the substance obtained by 
electrolysing Cu acetate as described is ordinary 
Cu containing CuO sometimes amounting to 35 
p.c. ; Schiitzenberger {BL [2] 31, 291) asserts 
that his allotropic copper is changed to ordinary 
copper without change of mass (v. also Mackin- 
tosh, 0. N. 44, 279). 

Reactions. — 1. Cu decomposes water slowly 
at a full red heat (Eegnault, A. C/t. 62, 364). — 
2. In dry air Cu is unchanged ; but in ordinary 
moist air it becomes covered with a film of a 
basic carbonate {D. P. J. 206, 200), and crys- 
tals of Cu,0 are formed in the interior of tho 
mass.*— 8. Heated in oxygen CuO is formed; very 
finely divided Cu is said to form CujO in oxygen 
without heating.— 4. No4 acted on hy weak acids 
in absence of ai/r^ but slowly dissolved by dilute 
HClAq, Ac., in presence of air. TChomsen gives 
those thermal data [Th. 3, 320) ; -[Cu, O’, SO*] 
-111,490; fCu, 0*, 2NO’, 6H^O] = 96,950 ; 
[Cu, 0, H’SO’Ai -66,960; [Cu, 0, 2HNO»A9] 
-62,410.-6. In very oono. niPric acid Cu is 
pas8io6t because of formation of layer either of 
NO op CuO {of. Passwityof Iron, under Iron). 
Dissolves rapidly in less cono. nitrio acid giving 
off NO and N.O.— 6. Oono. h/ydtvohloric add in 

{ iresenoe of anr dissolves finely divided Cu, form- 
ng CuaOl, and evolving H (Odling, 0, J. 9, 291) ; 
less oono. HOUq olowly 4i»olvM On when 


heated with it in presence of air.— 7. Dnqle^ 
aulphwrie acid in presence of oxygen slowly d 2 i» 
solves On (forming according to Traube» 

B. 18, 1887). Cone. acts on Cu oven at 
20®, forming Ou^S, and CUSO 4 ; at higher 
temperatures SO,, is evolved, untilv at 270® the . 
action e is represented by the equation 
Cu + 2 HjS 04 “ CUSO 4 + SO 2 + 2 H 20 (Pickering, 

C. J. [ 2 ] 18, 112).— 8. Sulphurotts acid slowly 
acts, forming sulphite and ^^SOjAq ; if large ex- 
cess of HjSOaAq is used, CuS is formed along with 
S (Causse, Bl. [ 2 ] 46, 8).— 9. Cono. hydriodic acid 
attacks Cu forming Cujij and H.— 10. Aqueous 
solutions of many metallic salts slowly dissolve 
Cu; chlorides and nitrates, especially of ammo- 
nium, are the most active {v. Fattison Muir, 
C. N. 34, 223, 234 ; Carnelley, C. J. [ 2 ] 16, 1). 
According to Traube (B. 18, 1887) Cu dissolves 
in (NH 4 ). 4 C 03 Aq with production of H.OjAq. — 

11. Ammonia Solution slowly dissolves Cu with 
previous formation of CuO; Schfinbein (B. B. 
1856. 680) says that CU-NH 4 nitrite is pro- 
duced. Heated in ammonia to full redness, Cu 
becomes brittle wud now contains N, a nitride is 
probably formed (Warren, G. N. 56, 166). — 

12. Sulphuretted hydrogen toxm&Gxx^. — 13. Many 
fatty oils, e.g. olive, rape, linseed, Ac., dissolve 
considerable quantities of Cu (Thomson, G. N. 
34, 176, 200, 213). 

G&mbvnat ions.~ Copper combines directly with 
the following non-metallio elements either at 
the ordinary or higher temperatures: chlorine, 
bromine, iodine, oxygen, sulphur, selemon, phos- 
phorus, silicon, arsenic, antimony (for details v. 
Copper, chloride of ; bromide of, Ac.). It is 
not quite certain whether Cu combines directly 
with nitrogen or not; Blondlot (C. B. 102 , 210) 
got indications of combination when discs of 
Cu and Pt were strongly heated in an atmo- 
sphere of N (c/. Copper, nitride of). 

Detection and Estimation.- -Cu salts in solu- 
tion give a deep-blue colour with excess of 
NHjAq; a mahogany-coloured pp. of ferro- 
oyanide of Cu in very dilute li fluids. Minute 
traces of Cu may be detected by immersing a 
small couple of Zn and I’t wires in tho 
liquid, and then exposing the Pt wire to the 
vapour given oil by adding cone. HjSOi to KBr ; 
if a trace of Cu has been deposited on the Ft a 
deep-violet colour is produced, due to formation 
of a compound of (?uBr 2 .a;H .40 with Bffir (Cresti, 
0. 7, 220). Copper is often estimated by ppn. 
with KO^q, heating, and weighing as CuO ; 
also by ppn. as metal by means of Zn and Pt. 
Volumetric methods of estimation are based on 
the reaction of ammoniacal Cu solutions with 
ECNAq to form colourless Ou(CN)j. 2 NH 4 CN ; 
on the reaction of Cu solutions withElAq tofoirm 
CujIj, and I; on the reaction of Cu*0 with 
Fe, 4 Cl,Aq to form OuCl^Aq and Fe01,Aq ; and on 
other reactions. Cu may also be estimated by 
electrolysis (v. Classen, Quantitative Analyse 
durch Electrolyse [Berlin, 1886]). For detaUs 
of methods a Manual of Analysis must be con* 
suited. 

Copper, Alloys of.— Many alloys of Cu are 
much used in manufactures because of t h eir 
malleability, hardness, and durability, and in 
some cases sonorousness. Only a bri^ aocoont 
of the ohief classes of these alloys is |iven belt ; 
for detaibi tibose which of eiipNMIihl 
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J, WJib a/erm/mjef^ Jfiumna aad CaO are 
wtnnglj heated with oarbon'^n about the ratio 
Al:9OuO:0O. The alloy which results has the 
eoxuposition Gn^Al ; it has the colour of gold, is 
▼cry ten^ioas and malleable, very Ard, and 
takes a high polish. This alloy, or an alloy con- 
taining from 5 to 10 p.o. Al, is generally known 
as alumintum-bronse (v. Debray, C. i2. 43, 
926). 

2. With antimoTty. Cu and Sb alloy in al- 
most all proportions. Compounds SbCuj and 
SbCu* probably exist (v. Ball, C. J. 63, 167). 
These alloys are brittle. Sb is present in many 
varieties of bronzes and in alloys for making 
parts of locomotives. For action of acids on 
alloys of Sb and Cu v. Calvert a. Johnson, T. 
1868. 849. 

8. With arsenic ; o. Coppkr, ahsenides op. 

4. With bismuth ; various alloys are formed 
by heating the metals together ; an alloy of 2 
parts Bi with 1 part Cu expands after solidifica- 
tion (Marx, 8, 68, 470). 

6. With gold v. Roberts, A. Ch. [5] 13, 133. 

6. With iron. Cu is alloyed with iron by 
fusion. (For description of alloys v. Mushet, 
P. Jf.g) «, 81.) 

7. With lead. Cu and Pb melted together 
at a red heat form alloys ; but the fused mass 
tends to separate into two layers ; the upper con- 
taining much Cu and little Pb, and the lower 
much Pb and little Cu; separation is partly 
prevented by rapid cooling. Pb is found in 
many clock-metals and bronzes. 

8. With nickel. Alloys of Cu and Ni, with 
about lOCu and 4Ni, are nearly white; alloys 
containing Cu, Ni, and Zn are largely used under 
the names of German silver ^ Packfong, &c. 

9. With silver ; Cu and Ag alloy in very varied 
proportions (for details v. Boberts, A. Ch. (6) 13, 

W. With Hn, The various bronzes, gun- 
•^metalB, and bell-metals, are alloys of Cu and Sn; 
these alloys are formed by fusing the two metals 
together. Many bronzes contain Pb, and some 
contain small quantities of Fe and Sb. For de- 
tails of the manufacture and properties of the 
copper-tin alloys v. Dictionary of Technical 
Chemistry. Two compouq^s of Cu and Sn ap- 
pear to exist, Cu^Sn and Oa,Sn ; the evidence 
IS based on the variations in the specific gravi- 
ties, electrical conductivities, and other physical 
properties, of the alloys of Gu and Sn (v. Mat- 
thiessen, T, 1860. 161 ; Biche, C. R. 65, 
1862 ; Lodge, P. M. (6) 8. 664 ; Calvert a. John- 
son, T. 1858. 349; Boberts, P. M. (5) 8, 68, 661 ; 
Laurie, 0. J. 63, 104 ; Ball, O. J. 63, 167). 

11. With sine Ordinary brass is an alloy 
of about 2 parts Cu to 1 part Zn ; many alloys 
of the two meta^ in various propqriions are used 
in manufactures under the ncmes of Pinchbeck^ 
Mosaie gold, Ac. Modem bronze is generally 
an alloy of On with sine and tin. These alloys 
are formed either by fusing the metals together^ 
or by heating Cu with ZnO and oharco^. In 
some cases one metal is ppd. on the other from 
solution. For details regarding the manufac- 
ture, properties, and uses of the various brasses, 
Ac., V. Dictumary cf Technical Chemistry, 
Then are indicariems of the formation of a com- 


pound ot Cu end Zh, vii. Oazo, fv. lawie, o. / 
j 63, 104). For sotion ol adds on Ca-Zn aUofi 
V. Calvert a. Johnson, 0. /. [2] i, 436; also 
Matthiessen, C. J. [2] 4, 602. 

Copper, Antimonate of. Cu(Sb0s)a.6H20 
(Fremy, A. Oh. [3] 12, 499 ; Hemer, P. 86, 418). 

Copper, Antimonides of (o. Coppeb, allots 
of). 

Copper, Arsenates of. CuaHj(AsOj4.2H.p, 
and Cu3(As04)2 (v. Arsenic, acids of, vol. i. 308). 

Copper, Arsenides of. The compounds 
CujAs, CUfiAs, and CupAfi, occur nativo as 
Domeykite, Algodonite, and Darwinite, respec- 
tively. According to Lippert (J.pr. 81, 168) the 
grey deposit obtained by heating Cu in an HCl 
solution of AsoOa in Cu-As^ ; when this is heated 
in H, CUgAs remains. 

Copper, Arsenites of. CuH\sO„ and 

Cu(As02)j; V . Arsenic, acids of, vol. i. 806. 

Copper, Boride of. When amorphous B is 
heated with Cu in a crucible for some hours, 
above the M.P. of Cu, a yellow, very hard, brittle, 
mass is obtained, S.G-. 8*116 ; this is CusBg ac- 
cording to Marsden {C. J. 37, 672). 

Copper, Borofluoride of. Cu (BF4)2, t?. under 
Copper, fluorides of. 

Copper, Bromides of. Two bromides are 
known, CuBr^, and Cu^Brj (or CuBr). The mole- 
cular weight of neither in the gaseous state has 
been determined; but judging from the chlorides 
the formulas given are probably molecular. 
Thomsen gives the thermal values [Cu''*,Br‘'Q 
-49,970; [Cu.Br^] « 32,680 ; [Cu’Bri,Br*] 
-16,190; [Cu,Br*,Aq] = 40,830 (Th. 3, 319). 

I. Cupric bromidb, OuBPa. (^Copper dibrom- 
ide.) Prepared by dissolving Cu(OH)2 in HBrAq, 
or digesting Cu turnings with excess of BrAq, or 
adding KBrAq to CuSiF^Aq ; the green solutioa 
turns brown on evaporation ; when the residue 
is gently heated, CuBrj remains as a graphite- 
coloured fusible mass. If the grq^n solution is 
evaporated in vacuo over ILSO^, CuBrj is ob- 
tained in lustrous iodine-coloured crystals (Ram- 
melsberg, P. 65, 246). By evaporating in air, 
Berthemot {A. Ch. 44, 386 ; v. also Lfiwig, P. 
14, 485) obtained greenish-brown crystals of 
CuBrj-SHgO. CuBrj is deliquescent and very 
soluble in water ; when heated it gives CuBr and 
Br. This bromide combines with ammonia to 
form CuBr2.6NH, and CuBrj.SNH, ; the former 
is a blue powder obtained by passing NH, over 
CuBpj; the latter forms dark-green crystals, ob- 
tained by adding alcohol to CuBr.Aq saturated 
with NH, (Ramraelsberg, P. 65, 246). These 
double compounds dissolve in water ; on dilution 
Cu(OH)- is ppd.; when heated they give off 
NHg ana NH4Br andrieave a mixture of CuBr, 
and CuO. „ 

II. Cuprous BROKiDB. On^Ty (Copper mono- 
bromide.) Prepared by heating CuBr,, by pass, 
ing Br over heated Cu, or by feaction between 
Cu and CuBrjAq mixed with FeBr,Aq (Renault, 

O. R. 69, 819). A white powder, insoluble in 
water. S.G. 4*72; M.P. -604®; B.P. between 
861® and 964® (Carbelley a. Williams, 0. J. 87, 

> 126). Not decomposed by cono. H2S04, but by 
HNO,Aq (Berthemot, A. Ch. [2] 44, 386; Ldwig, 

P, 14, 486). Turns bluish in sunlight and it 
then less soluble than before in NaClAq or 
Ka,S,0,Aq (Benaulti 69, 819)# 
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Copper) Ohloridei of. Tvio chlorides of cop* 
per are known, CuGl.^ and OuOl or Gu^Oi,. Many 
experiments have been made on*t6e Y.D. of 
cuprous chloride ; it is very probable that the 
molecular formula of this salt is CujCl,. Thom- 
sen gives the thermal data [CuSCl'*] « 66,760 ; 
rCu,01»] - 61.680 ; [Cu, CP,2K^O] - 68,600 ; 

I Cu01*,2H'^03 « 6,870 ; [Cu,OP,Aq] - 62,710 {Th, 
8, 319). 

I. Oupwo CHLORIDE. CuOla. {Copper di- 
chloride.) 

Preparation.— 1. By burning Ou in 01 gas, or 
by passing Cl over heated OuCL— 2. By dis- 
solving Cu in agiia regia, or in boiling cone. 
HClAq in presence of air, or by dissolving CuO 
or CuCO, in hot HClAq ; the green solutions 
thus obtained are evaporated and the crystals of 
CuCl2.2HjO which form are heated to 100°. — 
8. By mixing NaClAqwithCuSO^ Aq, evaporating, 
filtering from Na^SjO^, evaporating, and heating 
the 0tiCl2.2H2O obtained. 

Properties and R^tione . — ^A brownish -yellow, 
deliquescent, solid ; melts at red heat and gives 
OuGl and Cl. Easily soluble in water, solution 
in a very little water is dark-green (Solly, P. if., 
1848. 367) ; on addition of more water it becomes 
green, colour of very dilute solutions is greyish- 
blue (Gladstone, G. J. 8, 211, says that 
CuCl2.2CuO 4H2O is formed) ; addition of oono. 
HClAq or better H2SO4 produces a yellow colour 
in a green solution of OuClj. Franz {J.pr, [2] 
6, 274) gives the following data showing the com- 
position and S.G. of CuC^A-q : — 

P.o. CuOlj S.G. P.O. CuCl, S.G. 

6 1-0466 25 1-2918 

10 1-092 80 1-3618 

16 1-1666 35 1-4447 

20 1-2223 40 1-5284 

CuClj is soluble in alcohol and in ether ; alco- 
holic solutions burn with green flame. CuCl Aq 
ppd. by KOHAq yields various oxychlorides (u. 
Copper, oxyhaloid compounds of). For reactions 
of CuClj with metallic sulphides, v. Bammels- 
berg (C. J. 39, 374), and Raschig {A. 2‘J8, 1). 

Combinations. — 1. With water to form 
CuOl2^2B[aO ; obtained by evaporating solutions 
of OuOL and crystallising (v. supra) ; rhombic 
prisms a:&:oa *9179:1: *4627 {Gm.-K. [6th ed.] 3, 
642) ; lose 2H2O at 100°, or over (c/. Vogel, 
D. P. J. 136, 239, with Graham, A. 29, 31).— 
2. With ammonia to form M.2NH,, M.4NH3.H2O, 
and M.6NH, [M-OuOy (Kane, A. Ch. 72, 273; 
Bose, P. 20, 166). CUOI3.6NH, is formed by 
passing NH, over OnOl, as long as absorption 
continues ; when heated to 149°, NH, is evolved 
and OaCl3.2NH, remains. When NH, is passed 
into hot cone. OuOLAq until the pp. which 
forms has re-dissolved, sj^ the liquid is allowed 
to cool, Ou01y4NH,.HaO separates in dark- 
green octahedra which lose NH, on drying.— 
8. With ammonia and salammoniac to form 
GuCl,.2NH,.2N94Cfl ; obtained bv boiling Co 
turnings with oono. NH.ClAq till a deep-blue 
liquid is obtained, filtering from Ou,Cl,.2NH, 
which separates, allowing the filtrate to oxidise 
in the air until it becomes greenish, and cooling 

S lUtthausen, /. pr. 60, 876). Dark-green tablets, 
ecomposed by water.-4. WithcujproiM chloride 
and ammonia to form Cu01r0u,Cl,.4NH,.£L0 
(Biithausen, J. pr 60, 874); obtained by dis- 
solving Cu,01c in NH,Aq, allowing the eolation 


to become deep blue by exposure to ait, aiifl 
crystallising; or by the prolonged action of 
NHjClA^pn Cu turnings at the ordinary tem- 
perature. Blue prisms ; * decomposed by water 
and alcohol ; absorb 0 from air and lose NH, *, 
when heated leave Cu^Cl,; soluble in- hot 
HClAq from which solution Cu0l2.2NH,C1.2H2O 
crystallises out. — 6. With ammonium chlor- 
ide, to form (a) CuCl2.2NH4Cl.2Hp, and (b) 
CuCI,.NH 4C1.2H20. The former is obtained by 
crystallising a mixed solution of the two salts 
(Mitschorlich, J. pr. 19, 449 ; Graham, A. 29, 
132) ; or by concentrating a mixed solution of 
CUSO4 and NH4CI (Vogel, J. pr. 2, 194) ; or 
saturating CuC^Aq with NH3 (Cap a. Henry, 
d.pr. 13, 184). Light-blue rhombic tables, or 
octahedra; loses all H^O at 110°-120°; S.G. 
1*96 to 1-97. The salt CuCl,.NH4C1.2H20 was 
obtained by Hantz [A. 66, 280), as blue-green 
crystals, by neutralising 1 part HClAq by NH, 
and 2 parts of the same HClAq by CuCO„ mix- 
ing the solutions, and crystallising.— 6. With 
potassium chloride to form CuCl2.2KCl.2H2O ; 
obtained by evaporating a mixed solution of the 
two salts. S.G. 2-4. 

II. Cuprous Chloridb. CojCl,. {Proto- 
chloride of copper.) Mol. w. 197*14. V.D. (0. 
1660°) 6*8. Formula found to be CujCl, and not 
CuCl from results of V.D. determinations by V. 
and 0. Meyer, at 0. 1660° (P. 12, 1112, 1233). 
[Cu’, 01-3 = 06,760; [Cu^Ol’, Cl’3 = 37,510 {Th. 
8,819). 

Formation. — 1. Cu is heated in Cl, keeping 
the Cu in excess.— 2. Cu is heated to dull red- 
ness in a stream of HCl (Wdhler, A. 105, 360).— 
8. By heating together CuClj and Ou in HClAq.— 
4. By heating together Cu and FejCljAq. — 6. By 
heating CuCl,.— 6. By reducing CuClyA.q or 
CuS04Aq by SnCl2, or SO,.— 7. By heating 2 parts 
HgCl, with 1 part Cu turnings.— 8. By heating 
CuS04 with NaHjPO, in a little water (Cavazzi, 

G. 16, 167). 

Preparation. — 1. Sulphur dioxide is passed 
into a mixture of 1 part NaCl and 2^ parts 
CUSO4.5H2O dissolved in water ; the white pp. 
is washed with SO,Aq, then with glacial acetic 
acid, pressed between paper, and dried at 100° 
(Wohler, A. 130, 873 ; Bosenfeld, B. 12, 954). 
[2CuClA.q + H2S03 + H,0 
= Cu,Cl, + H2S04Aq + 2HClAq3.--2. An intimate 
mixture of 14-2 parti powdered CuO with 7 parts 
zino powder is thrown, little by little with con- 
stant shaking, into oono. HClAq, until a white 
pp. of Cu,Cl, begins to form ; more acid is added, 
and then a little more of the mixture, and so on 
until the whole of the mixture has been used. 
The liquid is then poured into boiled water in a 
flask 80 that the flask is filled ; the flask is 
closed ; the Cu,01„ which separates as a shining 
white solid, is washed with distilled water, 
and dried in the dark (Heumann, B. 7, 720). 
[2CuO + Zn + 4HCUq 
- Cu,Cl, + ZnCl,Aq + 2H,03. 

Properties.— Snow-white crystalline powder ; 
insoluMe in water, alcohol, dilute HNO, or 

H, S04Aq; soluble in hot HClAq, separating on 
eoolingintetrahedra; soluble in NH,Aq; 8olu« 
ble, on heating, in EClAq, NaOlAq, Fe,01Aq, 
ZnClAq, and many other metallio ohlorides; 
soluMe in Na2S,0,Aq when the two salts are in 
the ratio 0u,01,:Na,S|O| (Winkler, /. pr* 88) 
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428). 8.G. 8*7. Molts bolow rod heat, and boils 
between 964® and 1033*^ (Carnelley a. WUliams, 
O. /. 87, 126). Solution in HOlAq aora as an 
energetic reducer, converting HgOl, to HgOI, 
AuOl, to Au, decolourising Prussian blue, &o. ; 
this solution rapidly absorbs CO [v. Hempel, B. 
21, 898; cf, Drehschmidt, B. 21, 2158), ^colour- 
less crystals of CiL.Cla.00.2HjO separate from a 
saturated solution of CO in CuaCI, {Berthelot, 
A. Ch. [3J 46, 488), on warming the solution CO 
escapes. This solution also absorbs various 
gases, d.g. CaH.j and PHj (Riban, J3. 12, 1208; 
Bose, P. 4, 110; 6, 206). 

Reactions.— 1. Moist Cu„Clj changes in sun- 
light and air to yellow, violet, and then blue- 
black; an oxychloride is formed (OuCl.j.3CuO, 
according to Vogel, D. P. J. 136, 238) [concern- 
ing the action of sunlight on CujCla v. Carlo- 
mann, J. pr. 63, 475].— 2. Heated in oxygen or 
in wat&r-vapour^ CuO is formed. — 3. By repeated 
washing with water CuOl, and CujO are pro- 
duced. — 4. Reduced to Cu by hydrogen, or by 
digestion under water with iron filings . — 5 . 
Scarcely acted on by sulphuric acid, even when 
cone, and hot (Rosenfeld, B. 12, 954 ).— 6. Reacts 
with many metallic sulphides to produce CujS 
(u. Raschig, A. 228, 1). 

Combinations. — 1. With ammonia to form 
€lii«CL.2NH,. By dissolving CujCi., in NH^Aq ; 
or better by boiling Cu turnings* with cone. 
NH,ClAq until rapid evolution of NHj, begins, 
filtering the boiling liquid into ^ its volume of 
water, and repeatedly filtering from CujO.xHjO, 
alJoNving to cool, repeatedly washing the solid 
which separates with alcohol and quickly press- 
ing between paper (Bitthausen, J. pr. 59, 369, 
MUlon a. Commaille, 0. R. 56, 309). Colourless 
rhombic dodecahedra, becoming violet in air; 
decomposed by water into its constituents on 
heating; solution in water reduces ammoniacal 
silver solutions (M. a. C.), it absorbs 0 from the 
air forming Ca,Cla,CuCli.4NH;,.H30 (q.u. under 
CoPBXOCBXiOBiPB, Combinations, No. 4).— 2. With 
ealammoniac to form Ca2Clj.4NH4Cl. Obtained 
by dissolving CujC 4.2NE£, in HClAq, or by add- 
ing a little NH^q to Cu,01, in HClAq ; white 
crystals, becoming brown in air, and giving 
CUjtCl, and NH^Cl when heated (Bitthausen, 
J»pr, 59, 369). — 3. With potassium chloride to 
form OnaOl2.4KCl; large ^otahedra; prepared 
by dissolving Cu^Cl, in boiling KClAq, and al- 
lowing to cool hi a closed vessel (Mitscherlich, 
A. Ch. 78, 384). A compound with NaCl is also 
known ; it is very soluble and difficult to crys- 
tallise.— 4. With phosphorus hydride, to form 
Cti2C4-2FH,. Obtained, as long colourless 
needles, by passing PEL, into OUjCl^ in HClAq 
until crystals form ; when heated gives Cu phos- 
phide, PH„ and HCl; water forms PH, and 
0u>, (Riban, Bl. m 31, 885). 

Oopper, Fluorides of. Two^uorides have 
been isolated, OoF, and (Berzelius, P. 1, 

28). 

1. OupBio vLCoitinx, 0nF2.2H,0. Best ob- 
tained by dissolving CaOO, in HPAq, and adding 
alcohol of 95 p.o. (Balbiano, Q, 14, 74). Pale- 
blue crystalline powder; sparingly soluble in 
water, very easily decomposed to oxyfluoride 
OaF,.On(OH),[«*CaF.OH] (o. Oxy fluoride under 
CoppxB, OXTXALOXD coicpotniDS opj. Decomposes 
on keeping for foor or ikvo d«|« with evolution of 


HP. Combines with KP to form very soluble 
CuP 2.2£P. Absorbs NBE, with formation of 
CaP2.Cu(0H)^2.4NH,.2NH4P,2H20 (Balbiano, U.). 

Cupric horofluoride 
Cu(BPJ2[a*iCuF2.2BPJ is obtained by mixing 
Ba(BPjg and CuSO^Aq. 

Cupric silicofluoride CuSiPa-GHjO is 
produced by dissolving CuO in HaSiPaAq and 
evaporating. 

II. CUPBOUS PLUORIDB, CujPj. A red powder 
obtained by treating CuaO.icH.jO with HPAq; 
washing with water, pressing, and drying in 
vacito', decomposed by moistmir toCu(OH)2.0ttF.j 
(Berzelius, l.c.). 

Copper, Hydride of. A compound of Cu and 
H is said to be produced by the following re- 
actions: — 1. 1 pt. Ba(HjP02)2 is dissolved in 
water, the Ba is exactly ppd. by HjSO^Aq, the 
filtrate is added to *8 parts CuSO^.SHjO in rather 
dilute solution, at the ordinary temperature, ppn. 
is allowed to proceed slowly ; the pp. is washed 
with air-free water in an ^tmosphere of CO„ 
and dried by pressure between paper (Wurta, 

A. Ch. [3] 11, 250; 0. R. 89, 1066; 90, 22).— 
2. NaHS02Aq is added in exoess to OuSO^Aq; 
if the CUSO4 is in exoess the pp. contains some 
Cu (Schutzenbergor, C. R. 69, 196),— 3. Zino is 
placed in CuSO^Aq acidulated with H..SO4 
(Sohoor, Ar. N. 12,96; [/. 1877. 273]).— 4. A 
moderately strong current is passed through 
very dilute slightly acidulated CuS04Aq; the 
compound forms at the negative pole but begins 
to decompose, with evolution of H, as soon as 
the current is stopped (Poggondorff, P. 75, 337). 
Copper hydride is described as a reddish-brown 
powder, having the composition CUjHo ; it de- 
composes at 60® into Cu and H ; in HOlAq it 
gives CujCla and H ; it takes fire in 01. (C/. Eor- 
thelot [C. R. 89, 1005, 1097], who says that the 
so-called copper hydride always contains 0, HjO, 
and P ; but Wurtz [C. R. 90, 22] gives further 
details and analyses, showing that the prepara- 
tion is apt to contain Cu phosphate, but the pre- 
sence of more than a mere trace of this may be 
avoided by ppg. the CujHj very slowly in cold 
solutionsi) 

Copper, Hydroxides of, v. Hxdba.tei> oxides 
07 Copper, under Copper, oxides of. 

Copper, Iodides of. Only one iodide of copper 
has been isolated; this is the cuprous com- 
pound, Cu-jlf. When ElAq is added to the 
solution of a cupric salt, a pp. of CnjI, mixed 
with free I is obtained ; e.g. 2CaS04Aq + 4KIAq 
» CU2I2 + 1* + 2jK2SOj Aq. CUjI, dissolves in alco- 
holic solution of 1; the liquid is not ppd. by 
water, but on heating and adding alcoholic solu- 
tion of KI, Cujlj is ppd. along with KI,. Solu- 
tions containing abonj. 8 gram Cal, per 100 c.o. 
have been obtained ; compounds are known 
which probalily contain Cul, h, infra). 

Cuprous zodids, OUjI,. h.G. 4*41 (Schifi). 

B. P. between 769° and 772® ((j^melley a. Wil- 
liams, 0. J. 87, 126). MoL w. not determ ned, 
but from analogy of Cn^Ol, it is probably CiuL 
* 879*46. [OuM*] - 86,200 (1%. 8, 819). 

Formation.— hxiVinely divided Cu heated 
with I forma Cusit; a plate of Cu exposed to the 
vapour of I becomes covered with crystals of 
Cuylf (il^nault, C. R. 69, 819). — 2. Oo is dis- 
Bolv^ in cone. HIAq, on standing in air (or 
better on adding a traoe of H2S) Ooal, lo 
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(grystals ^ose, P. 4 , 110). — 8. Ou^S is dissolved 
in cone. HIAq (Mensel, B. 3, 123).— 4. KIAq is 
added to CuSO^Aq ; Cujlj is ppd. at)ng with 1. 

Preparation.— C\lSO^Aq^ is saturated with 
SOj, or a mixture of 1 pt. GuSO^.SHjO and 2i pts. 
FeSO*.7HjO is dissolved in water, KIAq is added, 
the pp. is washed and dried (Duflos, A. 80, 253; 
Soubeiran, J. Ph. 13, 427). 

Properties and Reactions. — A white, or 
brownish-white, crystalline powder; insoluble 
in water, alcohol, and dilute acids; soluble in 
KIAq, and in NHaAq in presence of air. Soluble 
in hot cone. HClAqpand reppd. on addition of 
water. Decomposed by cone. HNO3 H2SO4. 
Heated with MnOj or KCIO3, CuO is formed; 
reduced to Cu by boihng with water and Zn, Sn, 
or Fe (Berthemot, J. Ph. 15, 446). When Ca^Ij 
is dissolved in NH^Aq by heating in an open 
vessel, colourless crystals of Gu,J,_,.4NHj separate 
on cooling, and the mother liquor on addi- 
tion o4 alcohol deposits a dark-blue compound 
OuI2.4NH3.H2O (Baijimclsberg, P. 48, 102; < 0 . 
also Berthemot, J. Ph. 15, 445 ; and Saglier, 
G. R. 102, 1652). OujL dissolves in alcoholic I; 
when this liquid is heated to 30®, and mixed 
with alcoholic NHj at 80®, crystals separate in 
a few hours having the composition GuI2.4NH3.I2 
(Jorgensen, J. pr. [2] 2, 353). 

Combinations. — 1. With ammonia to form 
CU2I2.4NH3 (Rammelsberg, P. 48, 102). Obtained 
by passing NHj over Cu^I., ; white, lustrous 
crystals; decomposed by heat to Cujij and NH3. 
The same compound is formed by mixing KIAq 
with an ammoniacal solution of a cuprous salt 
in absence of air; as thus obtained the compound 
cannot be dried without losing NH, (Levol, 
N, J, P, 4, 328).— 2. With ammonium iodide; 
the compound Cu2l2.2NH,I.H20 is obtained, as 
white needles, by dissolving 100 gs. NH,I in 
1,000 gs. water, adding 10-16 gs. Cu(OH)2, heat- 
ing until all is dissolved, boiling with a large 
excess of Ou until the liquid is colourless, and 
alloying to cojl. The mother liquor in air de- 
posits black crystals of Cu2l2.2NH,I.2NH3.4HjO. 
These crystals are very unstable (Saglier, C. B. 
104, 1440). — 3. With ammonia and cuprit iodide; 
when 100 gs. of an ammoniacal solution of CuO, 
containing 7-8 p.c. CuO, is mixed with an equal 
mass of 10 p.c. alcoholic I solution, warmed 
until the pp. of NIj dissolves, heated in the 
water bath for an hour, and allowed to cool, 
brilliant green crystals are deposited of the com- 
position CU3I4.4NH3, probably = CU2I2.CuL2.4NH3 
(Saglier, 0. R. 102, 1662).— 4. With silver iodide 
to form a series of bodies resembling alloys; 
Cu3l2.a;AgI, x varying from 1 to 12 ; for physical 
constants of these bodies v. Rod well, Pr. 33, 143 ; 
Bellati a. Romanese, Pr. 34* 104. According to 
Guyard {Bl. [2] 41, 12) a double iodide of Cu 
and N is produced when an alkaline di-iodide is 
added to an ammoniacal Cu solution. 

II. CuPBic loi^E. Cupric iodide, Cul,, hat 
not been isolated. A solution of Cujij in alco- 
holic I is not ppd. by water, but on heating and 
adding alcoholic KI, Cuglj is reppd. along with 
Kl„ the solution may perhaps^ontainaperiodide 
of Cu (J6rgensen, J. pr. [2] 2, 347). Ou,!, in 
presence of I dissolves in much water ; this solu- 
tion probably contains Oulj (Traube, B. 17, 1064). 
Carnegie {priv. oomm.) has obtained aqueous 
lolutions of cupric iodide containing • 0 , *3 g. 
Voi. It 


Culj in 100 O.O., by digesting CuX with I in 
water at 80® for a few minutes, cooling, shaking 
for a short time with Cu foU or CS2 to remove ex- 
cess of I. Solution of Culg containing c. *9 g. 
CUI2 with excess of I is very easily decomposed, 
almost ^ything that removes the I at (he same 
time decomposes the Culj to Cul and I, e.g. 
starch or Ag leaf; the solution partially decom- 
poses when boiled out of contact with air, also 
when a current of air, N, or other indifferent 
gas, is passed through it, and even when kept 
in vacuo at the ordinary temperature. Solutions 
of Culj are also obtained by digesting CuOoHj, 01 
CuCO,, with fairly cone. HIAq saturated with I, 
and filtering from excess of Cu02H2, or CuCO,. 
Potassium iodide withdraws I from solutions of 
Culj, ppg. Cul ; when KI interacts with a cupric 
salt in molecular proportions, CuR is almost cer- 
tainly produced^ but as the change is not com- 
plete the residual KI interacts with the Culj in 
solution to produce Cul and KI.a;I. Thomsen 
gives [Cu,r^Aq] =10,410 {Th. 3, 320). 

Various compounds are known , one constituent 
of each of which ft probably Culj. The forma- 
tion of the compounds CuI2.4NHg.H2O, and 
CuI2.Cu2I2.4NH3 has been described (t>. Cupkous 
IODIDE, Reactions, also Combinations, No. 3). 
The compound CuI2.4NHg.I4 was obtained by 
Jorgensen {J. pr. [2] 2, 853) as blue crystals, 
by mixing solutions of I in KI and Cu NH^ 
nitrate, at 60°, and filtering hot into water at 
60® (u. also Saglier, C. R. 102, 1552). Saglier 
{C. R, 104, 1440) describes the compounds 
CuI2.2NHgI.2NH3.2H2O, and CuI2.4NH3.H2O, pro- 
duced by boiling NH,IAq with Ou(OH)2; he 
also describes a compound with (NH4)l2, viz. 
CuI2.2NH4I2.2NH, . OH ,0, obtained by dissolving 
Cu(OH )2 in hot NHjjAq. 

Carnegie {priv. comm.) has obtained the 
compound CuO.2CuI2.4H2O by partially immers- 
ing slips of Cu in Bal2Aq ; black crystals slowly 
form on the sides of the vessel ; they are easily 
decomposed by washing with water; they may 
be washed with alcohol and dried over CaClg. 

Copper, Nitride of, CujN. When finely 
divided CuO, ppd. from hot CuS04Aq by KOH, 
is heated in a tube to 250® and dry NHj is passed 
over it, greenish -black copper nitride is formed; 
if the solid is powdered from time to time and 
the passage of NHg i^ continued, the whole of 
the CuO may be changed to nitride. Copper 
nitride decomposes by heating to about 300®, 
giving Cu and N ; in Cl it gives CuCLj and N ; 
in HClAq, tluClj, and NH4CI are formed; it is 
oxidised rapidly by HNOjAq, and decomposed to 
Cu and N by H2S04Aq (SchrOtter, A. 37, 136 ; 
V. also Warren, C. N. 65, 155). By heating to 
bright redness discs of Cu and Ft placed 8-4 mm. 
apart in an atmosphere of N, Blondlot got indi- 
cations of the formation of a compound of Cu 



Copper, Oiddes of. Copper forms four oxides ; 
01^,0, Ca20, CuO, and CuOj. There are indioa- 
tions of the existence of other oxides,* but none 
has been certainly isolated. The best-studied 
are CujO and CuO; both are basic, and each 
forms a series of corresponding salts, those 
corresponding to CuO being the more stable. 
The oxide Cu,0 reacts with acids to form Qa and 
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a ?aU, in some oases a onprons, and in other 
cases a cupric, salt. The oxide OuOj reacts with 
acids as a basic peroxide, forming cupric salts 
and oxygen. Any oxide other than GuO is 
changed into CuO by heating in air or oxygen. 
By adding solution of bleaching powder to 
Ou2NOsAq, a pp. is obtained which soofi decom- 
poses with evolution of 0 ; this pp. is possibly a 
salt the acidic radicle of which is composed of 
Cu and 0 (v. p. 260). No oxide of Cu has been 
gasified, hence the formulie given are not neces- 
sarily molecular. 

I. Copper suboxide Cu^O. {Qttadroxide of 
copper) (Rose, P. 120, 1). An olive-green powder; 
stable under water in absence of 0, but rapidly 
oxidised in air to Cu^O and then to CuO ; decom- 
posed by dilute HClAq to OujCL and Cu, and by | 
dilute H2S04Aq to CuSO^ and Cu ; insoluble in j 
NHjAq, and in a mixture gf NH^Aq and | 
(NH4)2C03Aq. Prepared by reaction between 
CuS04Aq and SnCl, in presence of KOH ; 
CufOHjj is first precipitated and then reduced 
with simultaneous formation of K stannate: 
4 Cu(OH )2 -f 12KOHAq -t- 3SnOf.Aq 

= CU4O + GKClAq -I- SKjSnOsAq -1- 10H,O. To 
prepare this oxide, Rose directs to make 300 c.c. 
CuS04Aq containing 10 g. Cu ; to add this to 

I, 000 c.c. of a solution of 60 g. SnCL in KOHAq, 
and to shake in a well-closed vessel which is 
completely filled with the liquid, keeping cool I 
by water ; to filter after twenty-four hours in an i 
atmosphere of H, and wash the pp. with water i 
containing KOH, then with water, then with I 
very dilute NHjAq, and finally with water. It 
is difficult to obtain CU4O free from the other 
oxides. (For precautions u. Rose, l.c.) 

II. Cuprous oxide Cu-^O. {Hemi-oxide of 
copper. Protoxide of copper. Red oxide of cop- 
per.) S.G.J2 6-749 (native), 5-345-6'375 (arti- 
ficial). H.F. [Cu2,0] = 40,810 {Th. 3, 320). Occurs 
native as Cuprite^ in lustrous, red, octahedra. 

Formation.— 1. By heating Cu in air; the 
outer film thus formed is CuO, beneath this is a 
film of CujO. Finely divided Cu (obtained by 
reducing CuO in H at a moderate temperature) 
oxidises in air to CU2O (Berzelius, A. 61, 1 ; v. 
also Mitsoherlich, J.pr. 19, 450 ; and Marchand, 

J, pr. 20, 506). — 2. By heating Cu turnings with 
CuO (Berzelius), or with dehydrated CUSO4 
(UUgren, P. 65, 627), or with CUSO4 and NaXO, 
(Malaguti, J.pr. 2, 167).— 3. By heating GujCl, i 
with NajCO, (Wdhler a. Liebig, P. 21, 581). — 4. i 
By the reaction of Cu with CU2NO3 and a little 
CuO, in absence of air (Becquerel, A. Ch. 41, 
223). — 6. By the prolonged action of NH^Aq on 
a mixture of CuS04Aq and FeSO^Aq in presence 
of Fe3(OH), (Wibel, Reduction von Kupferoxyd- 
$dUen [Hamburg, 18G4J, 2). 

Prepa/ration, — 1. 6 pts. Cu.^Clj are heated 
with 3 pts, dehydrated Na^CO,, the resultant mass 
is washed with water (W. a. L., P. 21, 681).— 2. 

A mixture of 1 pt. CuS046H|0, 1^ pts. cream of 
tartar, 2 pts. ^ape sugar, in 12 pts. water, is 
heated in a basin ; pts. NaOH are added, and 
the whole is boiled until the supernatant liquid 
is colourless'; the pp. is washed with water, then 
with alcohol, and dried (BOttger, D. P. J. 171, 
77).— 3. An intimate mixture of equal parts CuO 
and (NH4)2G0, is heated over a Bunsen-burner 
till the smell of NBE, is no longer apparent (Schiff, 
W. J. 1864. 274). 


Properties,-^k carmine-red crystalline pow- 
der. Melts at full red heat and oxidises to 
CuO. Soluble in NH,Aq, forming a colourless 
liquid which becomes blue in the air, and reacts 
as a strong reducing agent. 

Reactions.—!. Hydrochloric acid forms OujOl,, 
soluble in excess of the. acid [0a*O,2H01Aq] 
= 14,660 {Th. 3, 320). — 2. Dilute cbcids^ e.g. 
HjSO^Aq, HNOgAq, H3P04Aq, H.HjCjOjjAq, pro- 
duce Cu and cupric salts. — 3. Cone, nitric add 
forms CU2NO3.— 4. Bromine water forms CuBr, 
and CuO. — 6. Reduced to Cu by hydrogen^ po- 
tassium, or carbcni. — 6. SutpMir forms Cu^S. — 

7. Many metallic chlorides in solution, e.g. 
MgCl^Aq, ZnCl^Aq, form soluble double salts 
and also ppt. hydrated oxides of the metals. — 

8. Ferric chloride solution produces Fe^Os, Cu, 
and CU2CI2. — 9. From neutral silver solution 
CUjO ppts. a mixture of Ag and a basic cupric 
salt. 

Hydrated cuprous oxide Pro- 

duced, as a yellowish powdeiqby adding an alkali 
or alkaline carbonate to the solution of a cuprous 
salt (Fremy, A. Ch. [3] 23, 391). Also formed by 
heating to boiling moist Cu (011)2 with milk sugar 
and some Na^CO^Aq. According to Mitsoherlich 
{J. pr. 19, 450) the hydrate loses its water at 
360°. Oxidises in air to Cu(OH)2 {v. also Qm.-K. 
[Gth ed.] 3, 595 ; Millon a. Commaille, C. R. 67, 
145; Field, 0. J. [2] 1, 28; P. de Saint-Gilles, 
A. Ch. [3] 42, 36). Dissolves in dilute acids to 
form cuprous salts, very few of which have been 
isolated. 

III. Cupric oxide CuO. {Black oxide of 
copper. Copper oxide.) S.G. 6-1 to 6*4 (Boullay, 
A. Ch. [2] 43, 266 ; Playfair a. Joule, C. S. Mem. 
3,67). H.F. [Cu,0] = 37,160 (TA. 3, 320). Oc- 
curs native in North America as Melakcmite. 
Crystallises in monoclinic forms; a:6:c 
= 1-49:1:1’36 (Maskelyne, B.A. 1865). 

Formation. — 1. By heating Cu in air or 0, 
removing the scales which form,* and stropgly 
heating in air.— 2. By heating Cu2NO„ Cu(OH)2, 
CuCOg, or very strongly heating CUSO4. 

Preparation. — 1. Pure Cu, prepared by elec- 
trolysis, is dissolved in HNOjAq, to one-half of 
the solution NH,Aq is added until the pp. which 
forms has just dissolved, the other half of the 
liquid is then added, the whole is evaporated to 
dryness, and the Cu nitrate thus obtained is 
strongly heated ; the oxide thus formed is well 
washed, and again heated in a Pt dish (Rei- 
schauer, J. 1863. 274 ; Erdmann a. Marchand, 
J. pr. 31, 389). The oxide must not bo too 
strongly heated else it partially fuses and con- 
tains Cu.O ; according to Thudichum a.Kingzett 
{C. J. [2] 15, 363) th^ o.xide should be heated 
In vacuo to^ remove traces of COj. — 2. A so- 
lution of equivalent masses of CuS04.6H20 and 
NojCOg is evaporated to dryness and the residue 
is heated strongly in a crucible and then well 
washed ; moist air is then passed over the heated 
oxide to remove traces of chlorides (Stanford, 
C. N. 7, 81; Erlenmeyer, Z. 1863. 167). The 
oxide as thus prepared is specially adapted for 
use in organic analysis.— 8. The oxide is obtained 
in crystGkls by dropping GUjCl, in small suooet- 
sive quantities into a red hot Pt crucible (Schulze, 
J.^. [2] 21, 413) ; Becquerel {A.Ch. 61, 122) ob- 
tained crystals of CuO heating to dull redaeM 
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5 grama amorphous OuO with 2-8 grams pure 
KOH, washing with water, and siparating the 
crystals by shaking. 

Properties. — Brown- black amorphous powder ; 
or metal-like, lustrous, monoclinio crystals. Hy- 
groscopic (v.Rontzsch, [2J 21,413). Slightly 
volatile in a porcelain-oven (Eisner, J. 1866. 35). 
Said to lose 0 when strongly heated giving 
CUO. 2 CU 2 O (Favre a. Maumen6, G. B. 18, 658). 
According to Reischauer {J. 1859. 216) Cu^O is 
formed by very strongly heating CuO ; this is 
confirmed by Debr|y and Joanuis (0. B. 99, 
683) provided the heating is conducted in vacuo. 
According to Joannis (C. B. 102, 1157) CuO pre- 
pared at a high ten\perature develops less heat 
when dissolved in HClAq than specimens pre- 
pared at a low temperature. CuO is a basic 
oxide reacting with acids to form cupric salts 

CuXj [X^NOj, <feo.]; it dissolves in much 

KOnXq, and perhaps forms salts in which CuO 
acts as an acidic radicle. 

Reactions.— 1. Easily reduced to Cu by heat- 
ing in hydrogen or carbon monoxide, or with 
carbon or carbon compounds [hence its use in 
organic analysis] (for temperatures at which re- 
duction in H and CO begins v. Wright a. Lulf, 
G. J. 33, 1). — 2. Heated with copper forms 
Cu.^O.— 3. Heated with phosphottis, phosphide 
and phosphate of Cu are formed. -■ 4. Heated 
with sulphuretted hydrogen, or with sulphur in 
a stream of hydrogen, Cu^S is formed (Hose, P. 
110, 120).— 6. Heated with alone gives 

CuoS and SOj if S is in excess, or Cup and 
CuSOj if CuO is in excess (Jordan, J. pr. 28, 
222).~6. Heated with salammoniac Cu.pl, and 
a little CuCla arefornu'd. -7. Heating with ferric 
chloride produces Fep^ with CuCh and Cupl^ 
(Hunt, C. B. 69, 1357). — 8. Reacts with zinc^ 
chloride solution to produce a green powder 
ZnPupi,,6H ,0 (Andr6, C. B. 106, 854).- 9. So- 
luble in amniBnia, also in molten potash.— \Q. 
Acids dissolve CuO with formation of cupric 
salts ; Thomsen gives the following thermal 
data (M - CuO) ; [M,2H01Aql = 16,270 ; 
[M,H^S0'Aq] = 18,800 ; [M,2HN0 'Aq] - 15,250 ; 
[M,2HC10'Aq] = 15,910; [M,2C-H‘0-Aq] » 13,180; 
[M,S0*J = 42,170 ; [Cu,0,H-SO^Aq] = 66,960 ; 
[Cu,0,2HN0»Aq] = 62,410. 

Combinations. — 1. With water to form 
CuO.Hp, produced indirectly, v. infra. -2. With 
water and ammonia to form xCuO.r/NHj.i’HjO. 
CuO dissolves in NHjAq in presence of air, especi- 
ally if a small quantity of an NH^ salt is present 
(Berzelius). Kano {A. Ch. [2] 72, 283] obtained the 
compound 3Cu0.4NHj,.6H20 by adding NH,Aq 
to CuCljAq. Malaguti a. ^rgeau {A. Ch. [3] 9, 
438) obtained CuO.4NHs.4Hp by treating with 
NHj the mother-liquor from the preparation of 
Cu-NH* chromate. A solution of CuO in NH,Aq 
dissolves cellulose ; the solution is conveniently 
prepared either oy digesting Cu spirals with 
NHjAq in air, or by ppg. CuSO^Aq by the calcu- 
lated quantity of NaOHAq, washing the pp, of 
Cu(OH), and dissolving it in NH,Aq (Sohweizer, 
•T. pr. 72, 109). Ammoniaoal solutions of CuO 
are reduced with ppn. of Cu, by P, Zu, Co, Ac. — 
4. With a few metallic oxides to form compounds 
of the type 0u0.a;Mj0, ; e.g. CuO-FejO,, formed 
by heating together the two oxides Aist, B. 11, 
1516), or by the reaction of OuO with Pe,01,Aq, 


or by ppg. by KOHAq a solution of equivalent 
masses of a Cu and a ferric salt. The compound 
3CuO.MnsO, is obtained by adding NaOH to an 
ammoniaoal solution of CuO, and then MnCl^Aq 
drop by drop with jonstant stirring (Schneider, 
Am. 9, %0). The compound CuO-CrjOa is de- 
scribed by Persoz (A. Ch. [3] 25, 283). 

Hydrated cupric oxide or Copper hydroxide 
CuO.Hp = Cu(OH),. 

Preparation.— OhieXn&di by adding dilute 
NaOHAq or KOHAq in slight excess to 
CuSO,Aq ; or preferably by adding CuSO^Aq 
to NaOHAq, keeping the latter in excess 
(Oglialoro, J. 1876. 217) ; washing very many 
times, and drying at a low temperature. Bottger 
{J. pr. 73, 491) recommends to drop NH^Aq into 
boiling CuSO^Aq until the pp., which at first 
is greenish, bejiomcs blue, to wash this pp. 
thoroughly, and then toaddfairly cone. NaOHAq, 
keeping the temperature about 20^-40^^ (u. also 
Lb wo, D. P. J. 149, 270 ; Peligot, 0. B. 63, 209). 

Properties.— k blue solid, sometimes crystal- 
line, very easily d«?iydrated. Heated in presence 
of water it turns black, the change occurring 
more readily if KOH or NaOH ispre-sent; the 
black compound is OCuO.HoO according to Harms 
{J. 1857. 246), GCuO.Hp according to Rose (P. 
84, 480). When heated to 100® it loses water, 
but it is not fully dehydrated even at 200®-30U° 
according to Rose (Z.c. ; cf. SchalTner, A. 51, 
168). Tho hydrate is soluble in acids, also in 
NHjAq, and in solutions of NH, salts ; also in 
Na,H,OjAq (Field, C. J. [2] 1, 28). 

Reactions.— X. With ferrous hydroxide pro- 
duces FejOflHa and Cu^O.aTI.p (Levol, A. Ch. 65, 
320). — 2. With ferrous sulphate solution pro- 
duces Cu.p.rcHjO and basic ferric sulphate 
Braun, J. 1867. 301). — 3. Dissolves in acids to 
orm cupric salts.— 4. Dissolves in 4 to 6 parts 
molten potash ; on adding water CuO is formed, 
but some of the Cu remains in solution, and on 
adding a large excess of KOHAq all dissolves. — 
5. Dissolves in large excess of potash solution to 
a blue liquid; according to Chodnew {J.pr. 28, 
217) this liquid remains blue on boiling or on 
adding much water, but on standing in air for a 
long time a part of the Cu in solution is ppd. as 
CuO.HjO ; addition of HClAq to the blue liquid 
until nearly neutral jjpts. Cu(On)j, but a little 
Cu remains in solution. Chodnew [l.c.) also 
states that addition of a large excess of KOHAq 
to CuSO^Aq or Cu(NOj),Aq causes some of the 
Cu(OH )2 to dissolve ; the solutions must be cold 
and dilute ; the whole of the Cu is not ppd. on 
boiling. The hydrate dissolves in NaOHAq 
(70 p.c.), and gives a blue pp. on long standing, 
containing CuO and Na.O according to L6w (Pr. 
9, 463). 

IV. Copper peroxide.— The oxide CuO, has 
not been ofbtaiqpd, but a hydrate CuCj-H^O is 
known. This hydrate is prepared (1) by digest- 
ing finely-divided CuO, or Cu(OH)2, with 
for several days at 0® (Th^nard ; Kriiss, B. 17, 
2693) ; (2) by shaking very dilute CuS04Aq witJh 
exMSB of MnOj.a^HjO or Pb02, keeping oold 
(Schmid, pr. 98, 136) ; (3) by adding ^O^Aq 
to a solution of OU-NH4 sulphate (Weltzien, 
A. 140, 207). CUO2.H2O is very easily decom- 
posed with evolution of 0 ; decomposition of tho 
moist hydrate in presence of water begins at 0° 
(Erliss, 2.0.). When quickly washed with 
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water, raeased between paper, and then dried in 
vacuOt it is obtained pure. This hydrate forms 
an olive-green powder; it reacts with acids to 
give oupric salts and H^Oj; dilute HClAq is 
said to produce a little 0. - 

Oxides of covper other thcfn Cu^O, 
OugO, OuO, and CuO,. Different chemists have 
Mserted the existence of oxides of the form 
a;Cu0.^Cu30 intermediate between CuO and 
GuOp obtained either by strongly heating CuO, 
or by the action of hypochlorites on cupric salts 
in solution (v. KrUger, P. 62, 446 ; Crum, A. 65, 
218; Fremy, A. Ch. [3] 12, 467; Kriiss, B. 17. 
2598). But according to Osborne {Atn. S. [3J 
82, 833) these bodies are all mixtures of CuO 
and CujO ; this result is confirmed by the ex- 
periments of Debray and Joannis on the dissocia- 
tion of these mixtures (C. P. p9. 583), and by 
the thermal measurements made by Joannis 
(C. R. 100, 999). 

Copper, oxybromide of, v. Copper, oxyiialoid 
COMPOUNDS of. ^ 

Copper, oxychlorides of, v. Copper, oxyhaloid 
compounds of. 

Copper, oxyfluoride of, v. Copper, oxyhaloid 

COMPOUNDS OF. 

Copper, oxyhaloid compounds of. — Several 
oxychlorides of the form Cu^Cl„0^ are known ; 
an oxyfluoride CuFj.Cu(OH);j, and an oxyiodide 
2CuIyCu0.4H.p, are also known ; an oxybrom- 
ide probably exists, but it has not been isolated. 

Copper oxybromide.— When a little NHjAq 
is added to CuBr.jAq, a pale-green pp. is obtained, 
which becomes grey on heating ; both of these 
ladies are oxybromides according to Ltiwig (P. 
14, 486). 

Copper oxychlorides. —Various compounds 
of CuO with CuClj are obtained by digesting 
CuClj with Cu(OH)2, also by the incomplete jipn. 
of CuClj by alkalis, and also by the action of O 
on moist CuCl^. The following are the chief 
oxychlorides : — 

I. Cu0l2.2Cu0.4H,0 ; blue-green pp. by adding 
to CuClj enough KOH to decompose ^ of the 
CuClj ; or by dduting CuCl^Aq until the liquid is 
blue (Gladstone, C. J. 8 , 211). This oxychloride 
loses SELO at 140®, leaving a chocolate-coloured 
monobydrat^ (Kane, A. Ch. 72, 277). 

IL 2(CuC43CuO).7H2b ; green pp. by adding 
excess of NaCjHaO.jAq to boiling CuCl^Aq, or by 
the action of NaClAq on Cu{C2H502)2 (Cassel- 
mann, Fr. 4, 24). Also obtained by adding 
KH^A^, insuflicient for complete decomposition, 
to a mixture of CuSO.Aq with excess of NaCl 
(Beindel, /•P'. 106, 878). 

III. CuCLj.3CuO.4H2O ; occurs native as 
Atacamite; used in the arts as Brunswick green. 
Prepared by the action of air on copper plates 
covered with HClAq or KH.ClAq ; or by digest- 
ing in air a mixture of NaGl, Cu turnings, and 
CuSOffiE^O with enough water to form a thick 
magma, or by exposing moist CuaClj to the air 
(Vogel, D. P. J. 136, 288 ; v. also Field, P. M. 
£4] 24, 128 ; Debray, Bh [2] 7, 104). 

Copper oxtpldobh>ic CuPj.Cu(OBQj 
[-CuF.OH] (Balbiano, Q. 14, 74). A greenish- 
white solid obtained by adding to HFAq, CuO or 
CuCO, in quantity not suflScient to saturate the 
acid ; or by mixing CuSO^Aq and EFAq. 

C^PER OXYIODIDE 2CuI,.0uO.4H,O ; prepared 


by the action of Ou on BalsAq in preseaoe ot 
air (u. twprdt Cufbio iodidb). 

Copper, oxyiulphides of, xCuS.yCuO. When 
NagSAq is dropped into an ammoniaoal solution 
of CuSO, at 70®-80® till the blue colour dis- 
appears, a pp. of SOuS.CuO is formed; at higher 
temperatures the pp. contains more CuO, and at 
ordinary temperatures CuS is the product (Pe- 
louze, A. Ch. [3] 17, 893). According to Mau- 
mend (A. Ch. [3] 18, 311) various oxysulphides 
are formed during the action of cone. H2SO4 
with Cu, but this is negatived by the experiments 
of Pickering (C. J. [2] 18, 112). 

Copper, phosphides of.-p-Two phosphides of 
j copper are known, CuaPj'and CUeP,; another, 
CuoP.^, probably exists. The molecular weight 
of none of these compounds is known with 
certainty. Cu and P may be melted together in 
all proportions. 

I. Tri-copper phosphide CU3P2. Obtalhed by 
passing PH3 over warm GuClj, or by passing 
PH, into CuSO,Aq (H. Rose, P. 14, 188; 24, 328). 
According to Bottger (J. 1857. 107) the pp. pro- 
duced by boiling P with CuSOjAq, and washing 
with K.^Cr^OjAq acidulated with HjSO, (to re- 
move basic Cu phosphate), has the composition 
CU3P2. Prepared by the reaction of PH, with 
CuCl.j, the phosphide is, a black solid, insol. 
nClAq, and loses half its P when strongly 
heated in H. Prepared by passing PH, into 
CuSO,Aq, the phosphide is sol. HClAq with 
evolution of inflammable PH,. Prepared by 
Bottger’s method the phosphide is an easily 
oxidised powder, slowly dissolved by HClAq 
with evolution of non-inflammable PH, (v. also 
Sidot, C. R. 84, 1454). 

II. Hexacopper phosphide CUjP2. Obtained 
by leading PH3 over heated CUjOl, or CujS 

■ (H. Rose, P. C, 209 ; 24, 328) ; by strongly 
I heating Cu3P2 in H (Rose, Ic.) ; by passing 
I P vapour over Cu heated to duU redness (Abel, 

! C. J. [2] 3, 249). Grey-black solid, et sol. 
j HNOjAq, insol. HClAq. 

I A Di-copper phosphide, CujP,, is described 
I as a grey powder obtained by heating CuHPO, 

I in a stream of H (H. Rose, P. 14, 188 ; 24, 328). 

I Also produced by heating P with Cu turnings, 
j and then carefully heating the product with 
' amoiqjhous P (Berzclias; but cf. Abel, C. J. [2] 

I 3, 219). A phosphide, having the composition 
CujPo, was obtained by Cross a. Higgins (C. J. 
35, 424) by heating CUaClaAq with amorphous P 
to 160° for many hours. 

Copper, salts of. Compounds obtained by 
replacing H of acids by Cu. Copper forms two 
classes of salts, the cuprous Cu,^ [X = Cl, Br, I, 

SCN, <Jc.], and the cupric CuX, [X » Cl, NO,, 

&o.]. Few cuprous salts except those 

derived from haloid acids known; a few 
I double salts of this class have been prepared, 
Cu 280,.(NH4)2S0„ and some cupro-cuprio salts 
are known, e.j;f.CujB03.CuS0,.5H20. The cuprous 
salts are generally insol. water, while the normal 
ouprio salts as a class dissolve in water. The 
cuprous salts are less stable than the cupric ; 
but cuprous iodide is so much more stable than 
cupric iodide, that the latter has not been isolated, 
reactions which might be expected to yield (/ttly 
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U.g, KIAq + CuSO^Aq) produce Ou and iodine. 
Many basic cupric salts are known. jTlie cuprous 
salts are not generally obtained by reacting on 
CUjO with acids, but by reduction of cupric salts 
(t>. e.g. Cuprous chloride). Cupric salts are 
usually obtained by reactions between acids and 
CuO or CuCOj. A great many cupric salts have 
been prepared (v. Carbonates, Nitrates, Sul- 
phates, &o.) ; the following are thechief saltsofthis 
class : — bromate, carbonates, chlorate (and salts 
of other chlorine oxy acids), ktdate Q.nd. ‘periodate, 
molybdates, nitrates and nitrites, phosphate (and 
salts of other phosphorus oxyacids), selenates 
and selenite, silicates, sulphates and sulphites, 
tungstates, uranates^ vanadates. 

Copper, selenides of. I. Cuprous selenide 
CuoSe. A steel-grey mass, obtained by heating 
Cu'turnihgs with Se. Occurs native as Berzelia- 
nite. II. Cupric selenide CuSe. A greenish- 
black solid, obtained by passing Se vapour over 
coppef plates (Little, A. 112, 211) ; S.G. 6 - 66 . 
Also formed by passing H.Se into a solution of a 
cupric salt (Berzelius). 

Copper, ailicide of. No definite compound 
has been isolated. Bodies more or less resembling 
alloys of Cu and Si are obtained by heating 
K,,SiF« with Na and Cu {v. Deville a. Caron, C. IL 
45, 163; Winkler, J.pr. 91, 103). 

Copper, silicofluoride of, CnSil'V 6 Hp. Blue 
crystals, obtained by dissolving CuO in ILSiF^Aq; 
deliquescent; heated to 60° gives CuSiF„.4IJ.p 
(Berzelius; Stolba, /. 2 )r. 102, 7). Decomposed 
at 130°-140° giving CuF.OH, SiF„ and HF ; 
absorbs NHj giving CuF.OH. 2 NH 3 , NH,F, and 
SiOj (Balbiano, 0. 14, 74). 

Copper, sulphides of. Two sulphides of copper 
are known, CujS and CuS. As neither has been 
gasified the molecular formulte are not known 
with certainty; I‘ickering {C. J. 39, 401) says 
that CuS heated in H at 200 ° gives Cu.S, and at 
0 . 660° it yields Cu ; because of this reaction ho 
thinks that th« formula of cupric sulphide ought 
to be CU. 3 S 2 and not CuS. Cuprous sulphide, 
Cu^S, is the more stable of the two sulphides ; 
both are distinctly basic, forming the basic 
radicles of various sulpho-salls ; but CuS also 
combines with Na^S &c., forming compounds in 
which CuS acts as the negative radicle {v. Cu- 
prous, and Cupric, sulphide ; Combinations). 
Compounds are also known which probably con- 
tain the radicle CuS, (u. p. 262). 

I. Cuprous sulphide Cu,,S. Occurs native 
Copper-glance', S.G. 6-97 (Karsten, S. 06, 320, 
394). Crystallises in rhombic forms a:b'.c 
A* •682:1; * 973 ; and also in regular octahedra ; 
isomorphous in both forms with Ag.^S. Forms 
compounds with some less positive sulphides {v. 
Combinations). * 

Formation. — 1. By heating a mixture of 4 
parts finely divided Cu with 1 part S (Winkel- 
blech, A. 21, 34). Spirals of Cu burn in S vapour 
to CujS. CujjS ifalso formed by repeatedly and 
strongly pressing together a mixture of Cu and 
S (Spring, B. 16, 999 ).— 2 . By the action of 
NH^SHAq on Cu (Heumann, J5. 6 , 748). — 3. By 
heating CuSO^ with carbon. * 

Preparation.— 1. By heating electrolytically 
deposited copper with cone. H 3 SO 4 for a short 
time at c. 124° (Pickering, C.J. 89,402).— 2 . By 
heating pure CuS in a stream of H to 0 . 266° so 
long as HjS is evolved (P., l.c.).— 8 . By passing 


H-^S into solution of a Cu salt in presence of 
NaliCO., at 200 ° (do Sen arm out, A. Ch. [3J 32, 
116). — 4. By heating CuSO^, or other Cu salt, in 
dry H,S and then in H (Carnot, Bl. [2] 32, 163). 

Properties and Reactions.— {^.Q. v. supra.) 
Greyiahijblue solid, fusible at moderate tempera- 
ture.--l. Generally said to be unchanged when 
heated in hydrogen, but according to Pickering it 
is reduced to Cu by heating in H stream at 0 . 
650° {C. J. 39, 404).— 2. Deduced to Cu by heat- 
ing to white heat in water vapour (Regnault, 
A. Ch. 62, 387).— 3. Chlorine slowly acts on hot 
Cu»S. — 4. Heated in air gives CuSO^ and CuO. — 
6 . Heated with cupric oxide forms SOj and Cu 
or Cu.,0.— 6 . Heated with litharge, SOj, a little 
CuX), PbO, and Pb are formed.— 7. Phospho- 
retted hydrogen forms Cu phosphide. — 8 . Alkali 
carbonate does not react with CujS when the 
two are heated together, but in presence of 
carbon or caustic alkali a part of the Ou^S is 
reduced to Cu. — 9. Heated with nitre, K2SO4 
ai'.d Cu are formed. — 10. Silver nitrate reacts in 
accordance with the equation Cu^S + dAgNOs^ 
2 Cn(NO,l , + Ag.^S T 2 Ag (Heumann, B. 6, 761 ; 8 , 
.634; Schneider, P. 152, 471; 164, 295).— 11. 
Boiling cone, hydrochloric acid slowly forms 
Cu .Cl^; cold nitric acid forms CuS and Cu(N 03 ) 2 ; 
hot nitric acid forms Cu(NOg)j and separates S. — 
12. Heated in carbon dioxide to about 260°-300° 
Cu is formed (Pickering, C. J. 39,406). 

Combinations, — 1. With non-metallic suU 
phides (i.) CujS.PjS,,, and 2 Cu. 3 S.P 2 S ; produced, 
the former by adding PjS to ammoniacal Cu^CljAq, 
the latter by heating the first to redness in a re- 
tort (Berzelius, P. 7, 29). (ii.) 2 CU 2 S.P. 3 SS ; the 
pp. from ammoniacal CUgCljAq by alkaline poly- 
sulphides is heated with P. 3 S (Berzelius). ■ (iii.) 
3 Cu._,S. 2 As 2 S 3 , occurs native as Mnnite\ 
3 CU. 2 S.AS 2 SJ occurs native as Enargite. (iv.) 
Cu-.S-Sb^Sa occurs native as Copper-antimony 
glance ; SCUjS.SbaSs is formed by heating , 
2 Cu. 3 S.CuS.Sb 2 S 5 which is produced by pre- 
cipitating CuSOiAq by NagSbS^. — 2. With me- 
tallic sulphides. CuaS.Fe^Ss, 3 CUjS.Fe. 2 S 3 , and 
Cu. 2 S. 2 FeS.Fe.jS, occur as minerals.— 3. With 
non - metallic and metallic sulphides, (i.) 
4(Cu.2Fe) S.ASjS, = Tcnrianfi^c; 3Cu.2S.3FeS.As,,Sj 
= Epigenite. (ii.) CuS. 2 VhS,Sh.jB 3 = Boumonite. 

II. Cupric sulphide CuS (or CU. 2 S 2 , u. begin- 
ning of Copper, bulrhides of) occurs native as 
Covellite; S.G. 4*59 to 4'04 (Karsten, S. 65, 320, 
394). A green-black solid; by compressing 
at 6500 atmos. appears as dark-blue metal-like 
mass (Spring, B. 16, 1142). Acts as a basic sul- 
phide, forming compounds with less positive 
sulphides; but also forms compounds with Na,S 
&G., in which CuS forms the negative part of the 
salt. 

Colloidal form of CuS (Spring a. De 
Boeck, Bl. [2] 48, 166). An aqueous solution of 
CuS is obtained by ppg. a Cu salt solution by 
ILjS, or preferably by NH^HSAq, and prolonged 
washing by decantation with dilute H,S 04 Aq, 
then dissolving in water and boiling for a few 
moments to expel HjS. The aqueous solution 
of CuS is dark-coloured, with slight greenish 
fluorescence ; the CuS is ppd. by addition of 
various salts, e.g. alum, AIJ 8 SO 4 , &c. 

Formation.— By adding an alkaline sulphide 
to solution of a Cu salt ; Thomsen {B. 11, 2048) 
says that the pp. formed by adding Na,SAq to 



« OOPPEIt. 8ULPBII)E8 OK 


CuS04Aq has the composition Cn^S,. By pass- 
ing H^S into solution of a Cu salt. 

Preparation. — 1. CuSO^Aq, prepared from 
pure electrolytic Ou, is ppd. by HaS, and the 
pp. is dried at a low temperature in a current of 
HaS. — 2. Pure electrolytic Cu is heated with 
cone. HaS04 to about 180° for some litUe time, 
the residue is washed, and heated for a short 
time in a rapid current of H at o. 160° (Picker- 
ing, C. J. 89, 401). — 8. Pure finely-divided CUgS 
is treated with cold cone, nitric acid, the residue 
is thoroughly washed. — 4. 2| parts finely di- 
vided Cu (ppd. by Zn) are gently heated with 
li part flowers of S, so that the excess of S sub- 
limes ; any residual S may be removed by wash- 
ing with KOHAq. 

Properties and Reactions. — 1. Moist CuS 
readily oxidises in air to CuSO^. — 2. Heated to 
0. 880° for some hours, CUaS is /formed (Picker- 
ing, C. J. 89, 406).— 3. Heated in carbon dioxide 
to 0. 130° CUaS is formed, and at c. 850° Cu is 
produced ; heated in hydrogen to c. 200° reduc- 
tion begins, and at c. 265° CuaS is formed, and 
at 0. 1620° Cu is produced (Ihckering, C. J. 39, 
403). — 4. Dissolved by nitric acid with separa- 
tion of S ; hot cone, hydrochloric acid slowly 
forms CU2CI2. — 6. Dissolved hypotassuim cyanide 
solution^ also by solution of alkali bicarbonates. 
6. Insoluble in alkali sulphides, — 7. Not at- 
tacked by HjSO^Aq containing } of its volume 
of H2SO4 (Hofmann, A. 116, 286). 

Combinations. — 1. The following compounds 
of CuS with sulphide of arsenic and antimony 
are described by Berzelius, obtained by reac- 
tions between Cu salts and sulpharsenates and ; 
Bulphantimonates (P. 7, 29) ; 2CuS.As,S5 ; j 
12CuS.As,S, ; 2CUS.A82S3 ; 3CuS.Sb,,S,.— 2. * 
Berzelius also describes the compounds with 
phosphorus sulphides, CuS.PjS; 2CUS.P2S5.— 
3. With sulphides of the alkali metals. Schnei- j 
der (P. 138, 311) obtained K2S.3Cu2S.2CuS 
f^^CUgSfl) by heating together 1 part finely- 
mvided Cu, 6 parts KjCO^, and 6 parts S ; when 
the same proportions of Cu, Na^COg, and S were 
used, the compound Na2S.Cu2S.CuS(=»Na2Cu8S3) 
was produced. Schneider also describes the 
compounds K^FeCugS^ and NugFeOugS^, obtained 
by heating Fe, S, and KjCOg or NaDO,. 

m. COMPPUNDS OF HYPOTHETICAL COPPER TBI- 

BDiiPHmE (CuSg). Whenc CuSO^Aq to which 
excess of NH,Aq has been added is dropped into 
(NHJgSAq until a pp. forms, the liquid is filtered 
and idlow'ed to stand in absence of air, a salt 
CUjrNHJaS, [?» (NH4)2S.2 CuSs] is formed in red 
neemes. This compound is decomposed on ex- 
posure to air, or by addition of warm water. A 
corresponding K salt was obtained by Priwoznik 
(P. 6, 1291) by the action of alkali polysulphides 
on CujO, CuO, or CujS. (For more details v. 
Priwoznik, Z.c. ; Peltzer, A, 128, 184 ; Gescher, 
A, 141, 860 ; 143, 876 ; Bloxam#-C. J. [2] 3, 94 ; 
Vohl, J. pr. 102, 82 ; Berzelfhs, P. 7, 29). 

Copper, telluride of. By boiling a solution 
of Cu acetate in presence of ppd. Te, Parkman 
(J. 1861. 126) obtained Cu-Te, as a black powder, 
if the solntion is cold and SO, is added, the pp. 
is CuTe. M. M. P. M. 

OOPFSB-AMXONnnC COMPOUNDS. {Cu- 
pramrnonvmn compounds. Cwj^amines), Many 
ct the bodies whicn are fonuM by the combina- 
tion of with the haloid and other com- 


pounds of Ou may be regarded aa compounds ot 
various hypothetical radicles supposed to be da- 
rived from NH*, NjH,, &o., by replacing 

H, by Cuj or Cu. Thus the compounds 
CUCI2.2NH3 and OU2CI2.2NH, may be formulated 
as N2 Hj(Cu)C 1 j and N2Hs(Cu2)Cl, respectively. 
From these compounds others may be derived 
by assuming that part of the H is substituted by 
NH4 ; thus the compound GUCI2.4NH3 may be 
formulated as N2H4(NH4)2(Cu)Cly Compounds 
supposed to be derived from the hypothetical 
radicle N2Hg(Cu2) are sometimes called cupro- 
ammonium compound/^ examples of these 
are cupro-ammonium chloride N,H6(Cu2)Cl2, 
diammonium - cupro - ammonium iodide 
N2H4(NH4)2(Cu2)l2. Compounds supposed to be 
derived from the hypothetical radicle N2H4,(Cu) 
are sometimes called cupri-ammonium com- 
pounds', examples of these are cMpri-aw7n£Wiii/7» 
chloride N 2 He(Cu)Cl.,, diammonium-cupri-am- 
j vioninm oxide N2H4(NH,)2(Cu)0. It is, however, 
very doubtful whether anything is gained at pre- 
sent by this extremely hypothetical way of for- 
mulating the double compounds of NHg and Cu 
salts. M. M. P. M. 

COPRINE. A name given by Nieraikowicz 
{M. 7, 241) to tlie me thy lo -hydroxide of Di- 

METHYL-AMIDO-ACETONE (q.V.). 

COPTINE. An alkaloid contained, together 
I v/ith berberine, in Coptis trifolia (Gross, N. Hop. 
Phai-m. 23, 63 ; Schultz, Ph. [3] 14, 973 ; J. Pk. 
14, 273). 

CORAIiLIN V . Rosolio acid and anhydride of 
Tri-oxy-di-phi:\yl-tolyl-carbinol. 

COEIAMYRTXN CgoH^O.o. [220°]. S. 1*44 
at 22°. S. (alcohol) 2 at 22°. [a] = 24*6 at 20°. 
The active principle of Coriaria myrtifolia, a 
purgative and poisonous plant growing in South- 
ern Europe (Riban, Bl. 1864, i, 87 ; 1867, i, 79), 
formerly used for the production of a black dye. 
Prisms (from alcohol). Dextrorotatory HI forms 
a black pp. which gives an alcoholic solution, 
which is turned crimson by NaOH. Baryta 
forms BaC3,H4gO,g(?). Br gives CMH3,Br20,o, 
which crystallises in needles (from alcohol). 

Hexa-acetyl derivative OjgHjoAcgOio 3aq 
[below 100°]. Transparent brittle mass. 

CORIANDER OIL C,gH,,OH. [a]D«= - 92-65° at 
15°. The volatile oil of Coriander seeds (Tromms- 
dorff, Ar. Ph. [2] 2, 114 ; Kawalier, J.pr. 68, 226). 
Decomposed by distillation forming Cj^Hg^O 
(165°-170°). PjOg forms a terpene C^H,,. On 
treatment with iodine it gives cymene. It forma 
a solid sodium derivative C,oHj,ONaaud various 
ethers. On oxidation with neutral KMn04 it 
gives a ketone C,oH,gO (186°j, 8.G. *897, which 
combines with NaHSO,, and is converted by fur- 
ther oxidation into MHOo, acetic acid, and di- 
methyl-BUCcinio acid. Alkaline KMn04 oxidises 
it to GOj, acetic, and oxalic acids (Grosser, B. 
14, 2486). HOI forms 0,oH,,Cl, S.G. *963, while 
HI gives C,oH,-I, which explodDs below 100°, 

COBIDINE OioH,»N. (211°). S.G. *974. 
A base of the pyridine series occurring in coal 
I tar (Thenius, C. 0. 1862, 53). Turns litmus paper 
blue. SI. sol. watef , v. sol. other ordinary men- 
strua. The hydrochloric acid solution gives a 
pp. with HgOls, which melts at 28°, but ma^ be 
obtained as white needles. Colours acidified 
pine wood yellowish red.— B'jHjPtOl,: orange pp. 

CORK V, CsiiLuiiOBB, vol. i. p. 721» 
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OOSSttS V. Protbids, Ammidix 0. 
COaNICULABIO ACID or 

Ph.0(0O3H):0H.CO.0Hij.Ph. [115®]? Longoolour- 
less needles or tables. Formed as a by-product 
in the reduction of pulvic acid to di-hydro-corni- 
culario acid. This latter acid is also formed by 
reduction of corniculario acid with zinc-dust and 
NaOH (Spiegel, J3. 16, 1616; A. 219, 23). 

Coinioular-lactone Oj^HpOa or 

00 0 

Ph.d:OH.C:CH.Ph. [141®]. Yellow needles. 
Insol. in caustic all^lis even on boiling. 

Di - hydro - corniculario acid C,jH,*03 i.e. 
(03H3)a04H4{OH).C03H. Di-phcnyl-oxy-angelic 
acid. [134®]. Colourless needles. Sol. alcohol, 
ether, benzene, and acetic acid, si. sol. CSj, insol. 
ligroin. Prepared by reduction of pulvic acid 
with zinc-dust and NHj, COj being evolved. On 
further reduction with sodium amalgam it gives 
tetraJiydro-corniculario acid. On fusion with 
KOH^it is resolved into phenyl-succinic acid and 
toluene. Distillafton with quick-lime gives 
0aHj.CH2.0H2.CO.CH.^.G^Hj. Ac.O forms a com- 
pound C^Hi^OjHOAo [99®]. 

Salts. — A'Ag and A'^Pb : amorphous white 
pps. 

Methyl ether A'Mo: colourless monocliuic 
prisms [68®], formed by reduction of pulvic ether 
or from silver dihydrocornicularate and EtI. 

Lactone CijHj^Oj. [117®]. Colourless 
needles, Sol. ether, benzene, acetic acid, hot 
alcohol, and CS.^, slightly in ligroin. Prepared 
by heating the acid (Spiegel, B. 11, 1690). 

Tetra-hydro-cornicularic acid Ci-Tlj^Oj or 
C«H3.CH2.0H(OH).CH,CH(C«H,).COJI(?). Di. 
phenyl-oxy-valeric acid. Thick colourless oil. 
Formed by reduction of di-hydro-cornioularic acid 
with sodium amalgam (Spiegel, B. 14, 1692). 

Lactone CpHj.O^. [71®]. Flat colour- 
less needles. Sol. alcohol, ether, and benzene, 
si, sol. ligroin, insol. water. Formed by boiling 
the acid witl^water (Spiegel, //. 14, 1692). 

Yso-Di-hydro-cornicular-lactone C, jll, ,0^. 
[o. 106®]. Colourless needles. Formed as a by- 
product in the reduction of pulvic acid (Spiegel, 
B. 16, 1646). 

COBNIN. A crystalline bitter substance 
which may be extracted by water from the root 
of Comus florida (Geiger, A. 14, 206). Ppd. by 
lead subacetate. 

COBTIGIC ACID Oj^HioOe? An amorphous 
acid said to exist in cork (Siewert, Z. 1868, 383). 

COBYDALINE [130°]. Occurs 

in the roots of Corydalis hulhosa^ G.fabacea, and 
Aristohehia cava (Wackenroder, Kastn. Arch. 
(1826); Peschier, Trommsd. N, J. 17, 80; 
Winckler, Pharm. Cenir.»lSd2, 38 ; A. 87, 225 ; 
Ruiokholdt, A. 64, 369 ; Miiller, J^ierteljahr. pr. 
PJmrpn. 8, 626 ; Wicke, A. 137, 274). The alka- 
loid is extracted by dilute acid, and may bo iso- 
lated after ppr^ by sodium phosphotungstate. 
Short prisms (from strong solutions) or slender 
needles (from dilute solutions) ; insol. water, sol. 
ordinary solvents. Tastes bitter. Ppd. by NaOH 
from its solution in acids, Ihe pp. being sol. ex- 
cess. Ppd. by the usual reagents lor alkaloids. 

B'HOl 6aq ; tufts of needles.-- B'jH.;PtClj ; yel- 
low orystalhne pp.—B'HaSO* ; needles, si. sol. 
water. 

Sthylo-iodide B'Etl. Ozystalline, si. sol. 


water. Not decomposed by aqueous NaOH, but 
converted by moist Ag^O into an alkaline hy- 
droxide.— (B'EtCl)2PtCl4 : amorphous pp. 

COTABNAMIC ACID v. Narcotinb. 

COTABNIG ACID v. Narcotine. 

COTABNINE v. Naucotine. 

COTb BABB. Two kinds of coto bark are 
exported from Bolivia, one from the interior of 
the country called cinchona-coto or genuine 
coto, derived probably from some plant belong- 
ing to the Lauracete or TerebinthaceeB, rather 
than to the Rubiacets. It is used in cases of 
diarrhoea and colic, as also for neuralgia, rheu- 
matism and gout. The other kind of coto- 
bark or paracoto-bark (Jobst a. Hesse), from the 
banka of the river Mapiri, resembles the former 
in appearance, though its physiological action is 
much weaker. True coto bark contains cotoin 
and dicotoin ; the other bark contains paracotoin, 
hydrocotone, and its dibcnzoyl derivative, leuco- 
tin, and oxyleucotin; piperonylic acid is present 
in both (Harz, Ar. Ph. [3] 7, 214 ; Gietl, ibid. 
221 ; Wittstein, ibid. 219 ; Burkart, Med. Corres. 
Artz. Verein WilPtemhurg^ 1870 ; Biilz, Central- 
blatt Med. Wiss. 1878; Jobst a. Hesse, A. 199, 
17). The physiological action of cotoin and 
paracotoin has been studied by Albertoni (J. 1883, 
1353, 1488). 

Cotoin C,.,H,30„. [130®]. 

Preparation. — The finely -powdered coto-bark 
is exhausted with ether, the extract evaporated 
to one-tenth, and the residue mixed with warm 
petroleum; on cooling a black resinous mass 
separates, the liquid from which on evaporation 
deposits crystals of cotoin. From the resin the 
compound is also obtained by boiling with lime, 
and the solution acidified with acetic and; 
from this liquid cotoin is deposited in leaflets or 
pale golden needles. It is finally purified by 
charcoal. 

Properties . — Prisms or tabular crystals, v. 
sol. alcohol, chloroform, and benzene, si. sol. 
water and petroleum; sol. alkalis and their 
carbonates, but reprecipitated on acidification. 
Neutral to litmus. Inactive. 

Reactions. — 1. With mtric acid it gives a 
blood-red colouration.— 2. Redtices gold and silver 
salts and Fehling’s solution when warmed. — 
3. With ammonia and rb(OAc )2 it gives a 
yellow flocculent p^. C^JIi.PbjO,,. — 4. Heated 
with ‘concentrated acids or alkalis it yields 
benzoic acid. 

Triacetyl derivative OjjHj^ACjO,. [94®]. 
Prisms, sol. CHCl, and water. 

Tri-bromo-cotoin. [114®]. Yellow prisms, 
insol. cold water, decomposed by hot water, sol. 
alcohol, chloroform, and ether. 

Dicotoin C^HsjO,,. Anhydride of cotoin^ 
[74®-77®]. When crude cotom is treated with 
boiling water, crystals of cotoin at first separate, 
then leaflets .of dicotoin, which are separated 
by a sieve. Paletu^ellow glistening leaflets, sol 
alcohol, acetone, ether, and alkalis. By potash 
it is converted into cotoin ; and by AcjO into 
tri-acetyl-cotoin (Jobst a. Hesse, A. 199, 29). 

Paracotoin OjeHi^Oa. [162®]. 

Preparafioa.— Finely divided para-ooto bar! 
is extracted with ether, and from the residni 
left on evaporation a crystalline mass of para< 
cotoin, oxyleucotin, leucotin, and its di-benaoy 
derivative separates out. This is fraotionallj 
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eryatellised from alcohol, when the paracotoin j from HOAo. Qitjt 
•eparates out first. I strougly heated. V. si. BtS! 

Fr<^ties.—Pale yellow leaMs, sol ether j ether. Dissolves jh aJJcalis, forming aolotiona 
md chloroform; of neutraJ reaction ; does not which turn brown in the air. JPh^OJ, ooloun it? 


and chloroform; of neutraJ reaction; does not 
react with Ac^O. j 

Reactions.— 1. Sol. nitric acid forming a | 


alcoholic solution green. 

Paracotoio acid [108°]. Formed 


yellow nitro- product. — 2. Br gives an unstable by boiling paracotoin with dilute alkalis 
bromo- derivative.— 3. On fusion with po/as/t it ! CfyUi^Og + HoO^CfaHifij. Yellow amorphous 
yields formic and protocatechuic acids, but powder, sol. alcohol and ether, insol. water, 
when boiled with a solution of potash paracu- The Ba, Pb, and Ca salts (MA^j) yellow 
marhydrin is formed thus + ‘2H.0 amorphous pps. 


■ 20gHg0a + COj together with paracotoio acid. 


Oxyleucotin 


fiydjrocotoin [98°]. Occurs in paracoto bark. Prisms (frcAn alcohol). V. e. 

para-ooto bark. Extracted by dilute soda from sol. alcohol and HOAc, m. sol. ether. By heat* 
the resinous mass obtained after separation of ing with cone. HNOj it is converted into a 
the paracotoin, leucotin, and oxyleucotin. Large bluish-green resin and a bliiish-green solution, 
pale yellow prisms, sol. hot water and alcohol, Inactive. It is not coloured by FegClg. Cone. 
V. sol. chloroform and acetone. With fey ric HCl at 140° gives protocatechuic acid. Potash- 


chloride and sulphuric acid it .gives a dark- 
brown colouration; with bromine it gives a 
bromo- derivative OijllisBrO^, crystallising in 
monoclinio prisms [147°], sol. ether, chloroform, 
and alcohol. Further bromination gives a di- i 
bromo- derivative, C,5H,.jBr2(X^, crystallising in 

E risms [95°]. On fusion with potash it yields 
ydrocotone and benzoic acid (Jobst a. Hesse, A. \ 
199. 67). 

Acetyl derivative OijHjjOsiOAc). [83°]. 
White prisma. V. sol. hot water. Forms a 
bromo- derivative CjiHi.^rAcO^, [16C°], crys- 
tallising in white prisms, sol. chloroform and 
boiling alcohol. 

Hydroootone 0,«H2,0,. [49°]. (243°). V.D. 
II'IG. Formed by fusion of leucotin with 
potash; white prisms, sol. ether, acetone, and 
oWoroform. Heated with concentrated nitric 
acid it yields di-nitro-cotone C,hH^„(N 0J.,0,,, 
which crystallises in brown leaflets of metallic 
lustre ; when heated it explodes, emitting violet 
vapours. i 

Di’beneoyl^ derivative C^Hj^BZaGg. 1 
[113°]. Occurs in the para-coto bark; white 
risms, sol. alcohol, ether, and acetone, si. sol. 
ot water. Concentrated nitric acid forms with 
it a bluish-green resin. Sulphuric acid gives a 
dark-yellow colouration. On fusion with potash 
it yields hydrocotone and benzoic acid. It is 
unaltered by acetic anhydride. With bromine it 
yields a di-bromo- derivative Og^HaoBr.Pg 
[147°], crystallising in whit^^prisms, sol. alcohol 
and acetone, as well as a tetra-bromo- deri- 
vative Oftil^gBr^Og [84°], crystallising in octa- 
he^, fol. alcohol and chloroform. 

Faraonmarhydrin CyHjOj. [83°]. Formed 
by boiling paracotoin with aqueous KOH. La- 
minn; amellin g like coumarin; si. sol. cold 
water, v. e. sol. alcohol. 

Lenootin [97°]. The chief con- 

stituentof tbeextractofpara-coto bark. Separates 
from the alcoholic mother-liquor in the prepara- 
tion of para-cotoin. Small prisms. ^1. sol. boiling 
water, v. sol. alcohol and ethei. Inactive. Not 
attacked by kefO. HNO, gives a bluish-green 
resin and solntion. Pbtash-fusion gives benzoic, 
formic, and protocatechuic acids, protocatechuic,. 
aldehyde, cotogenin, and hydrocotoin. Br gives 
a di-broino- derivative Cj^HagBrjOj [187°], 
and a tri-bromo- derivative 
[167°]. 

Cotogenin OuHjgOg. [210°]. Obtained by 
losing leucotin with EOH. May be crystallised 


fusion gives protocatechuic acid and aldehyde,- 
benzoic acid, formic acid, and cotogenin. Br 
gives a di-bromo- derivative CaiHsoBtijO,, 
[192°], and a totra-broeno- derivative 
C3,H^Br,0,, [159°]. 

PAn.\coTO OIL. Prepared from the para-coto 
bark by distillation with superheated steam. 
Light mobile liquid. S.G. *93, a= — 2T2; 
separated by fractional distillation into (a) and 
(fi) paracotcnc, (a), (0) and (y) paracotole. 

- (a) Paracotene C,,H„. V.D. 6-17. (160°). 

S.G. ^ *87. [ajo =» +9-34. Strongly refractive 
oil of aromatic odour. 

{$) Paracotene C,,!!,,. (171°). V.D. 4*83. 

S.G. -88. [a]jj a, --03. Oil, of faint aromatic 
odour. 

(a) Paracotole C.^H^O. (221°). V.D. 6‘17. 

S.G. -93. [ajo =>-- 11-87, isomeric with the 
oil of oubebs, which it resembles in many re- 
spects. 

($) Paracotole ( 236 °). V.D. 12-8. 

S.G. -15 -95. [oJd = “5-98. Oil of faint aromatic 
odour. 

(7) Paracotole (240 ). Si.G,.i5 

•97. [o]n = —*52. Turns yellow on exposure from 
absorption of oxygen (Jobst a. Hesse, A. 199,75). 
COTTON V. CKfiLULOSE. 

COUMALIC ACID C.H^O* i.e. 
0-CII-CiCO,H) 

j I . Cumalic acid. [207®] 

OC-CH=CH 

Prepared by heating malic acid with H^SO^ or 
ZnCl^, and precipitating the melt in water ; the 
yield is nearly theoretical. The reaction probably 
consists in the splitting off of formic acid with 
production of the semi-aldehyde of malonio 

acid CH2 <[[qq jj, which then undergoes further 

condensation, forming roumalic acid (Peohmann, 
B. 17, 936). J, Sublimable. Small colourless 
prisms. V. sol. alcohol and acetic acid, si. sol. 
cold, more sol. hot, water. It reduces ammonia- 
cal silver and copper solutions^n boiling. Its 
aqueous solution is decomposed on boiling. On 
oxidation it gives fumaric acid. NH, forms, in 
the cold, oxy-pyridine carboxylic acid. 

Methyl ether ^ k'lAe: [74°J ; (c. 260°), 
long, colourless needles or plates. 

Coumal-onilldio acid 
CO,H.CH:CH.C(0O3H):0H.NHPh. (?) 
Mono-methyl ether 

OO^.CH;OH.O{COjMe):OH.NHPb. [140°]. 




Formed by the ftotlon of aniline on an alcoholic even by exposing a concentrated alcoholic aolu- ’ 
solution of the methyl-ether of ooumalio acid tion to sunlight. Sodium amalgam reduces jt, 
fPechraann a. Welsh, B. 17, 2892 ; ®. <7. 47, 145). as well as its (i8)-i8omeride, to the methyl deriv(t« 
yellow needles, v. sol. hot alcohol, chloroform, tive of oxy-phenyl-propionio acid. Br in CSj 
and benzene, si. sol. ether, insol. water. By gives the methyl ether of (a).di.brorao-o-oxy- 
boiling with aqueous NaOH it is converted into (fl)-phenyl-propionic acid iv. vol. i. p. 608). 
the phenyl derivative of oxy-nicotinio acid— tindilutad bromine forms the methyl-ether of 
OjH,N(OPh)CO,^[l:2:5]. tri-bromo- oxy-phenyl-propionio acid. HNO, 

Bromoooumalio acid v. vol. i. p. 6G5. gives the same di-nitro- derivative as with its 

PARAGOTTKABHYDEIN v. Ooxo ba.rr. (j8)-i8omeride. Fuming HI unites in the cold, 
o-COTJHARIC ACID CaH^O,. o-Oxy-cinna- and on adding Na^CO, there is formed 
wic acid, o-Qxy-phenyl-acrylic acid. Mol. w. OgH4fOMe)CH:CH2. KMnO^ oxidises it to [2:1] 
164. [208°]. V.Di6*6 (calc. 6'66). CrtH40Me)C0^H. — BaA'j. — Methyl ether 

Occurrence. — In melilot [Mdilotus officinalis) [2:l]O^H4(OMe).CH:CH,CO.^Me. (276°). S.O. 
andin the leaves of 4»gfr<»cwm/m<;rans(Zwenger, 1*140; §5 i*278. Formed by heating coumarin, 
A. Suppl. 8, 80). • MeOH, and Mel for 3 hours at 100°. Converted 

Fomation.— From o-aniido-cinnamio acid by by NHg at 150° into the amide of the (|3)-i80- 
the diazo- reaction (Fischer, B. 14, 479 ; A. 221, meride. 

274). {$)-‘Methyl derivative 

Preparation.— Coum&rm (10 g.) is added to a [2:l]O^H4(OMe^.CH:CH.CO^H. [183°], Formed 
Bolutinn of sodium (3-5 g.) in dry alcohol (66 O.C.), by heating [2:l]CgH4(OMe).CHO (2 pts.) with 
and the mixture he|ted for 1^ hours. The pro- NaOAo (1 pt.) and Ao^O (3 pts.) at 175^^ (Perkin, 
duct is diluted and evaporated to a small bulk. C. J. 31, 414). Formed also by heating its 
The coumaric acid is ppd. by HCl. The pp. is (a)-i3omeride. S|piall monoolinic prisms (from 
dissolved in NajCO^Aq, freed from unaltered xylene) a:6:c = •441*1: *807 ; /3 = 64°4V. M. sol. 
coumarin by shaking with ether, the acid is alcohol. Br in CS.^ gives the methyl derivative of 
reppd. by HCl and crystallised from water (/3)-di-bromo-oxy-phenyl-propionic acid {v. vol. i. 
(Ebert, A. 226, 347 ; cf. Dclalande, A. Gh. [3] 6, p. 603). Undiluted bromine forms the methyl 
343 ; A. 46, 333 *, Bleibtreu, A. 59, 183). ether of tri-bromo-oxy-phenyl-propionic acid. 

Properties.— hong needles, v. si. sol. cold KMnO* gives 06H4(0Me).C0aH (Tiemann a. Will, 
water and ether, v. sol. alcohol, insol. CHCI3 and | B. 15, 2078). Potash-fusion gives salicylio acid. 
CS3, Not volatile with steam. Decomposed on HNO3 forms a di - nitro - derivative [193°].— 
distillation with formation of phenol. Its solu- Methyl ether C,H,{OMc).CH:CH.C03Me. 
tion in alkalis is yellow with green fluorescence. [293°]. S.G. U 1*1486; |°- 1*1302. V.D. 6*5 
Cone. HBrAq slowly changes it in the cold into (calc. 6*0). M.M. 2*389. Md 1*5905 at 10°. Ob- 
its anhydride, coumarin. tained by means of PCI3 and HOMe. Formed 

Beactiom.—l. Potash-fusion gives acetic and also by heating its (a).isomeride. With Br in CS3 
o-oxy-benzoio acids. — 2. Sodium amalgam gives it gives C^Hj(OMe).CHBrCHBr.CO^Me [68°] and 
o-oxy-phenyl-propionic acid (Tiemann a. Herz- an iaomeride [126°]. 

feld, B, 10, 286).— 3. Bromine (1 mol.) added to Amide CgH4(OMe).CH:CH.CONHa. [192°]. 
its solution in CS^ gives a white crystalline Small needles (from alcohol), 
substance [0. 111°] (? di-bromo-o-oxy*phenyl- {a)- {or Alio-) Ethyl derivative 
pr(^ionic acm), which, when exposed to the air, [2:llCJ£,[OEt)CH:CH.C03H. [102°] (F. a. E.); 
gives off HBr, and yields (/3)-di-bromo-couinarin [104°] (P.). From alcohol, sodium (3*2 g.), eou- 
[177°]. marin (10 g.) and EtI (12 g.) (Fittig a. Ebert, A. 

Salts.— BaA'2 aq ; nodules, v. sol. water. — 216, 142 ; Perkin, G. J. 39, 412). White plates 
PbA'ji crystalline pp.— ZnA'^: needles, si. sol. (from water), or tables (from dilute alcohol), 
cold water. — AgA'. V. si. sol. cold water, si. sol. hot water, v. sol. 

Constitution. — Like cinnamic, furaaric, and alcohol and ether. Sparingly volatile with steam, 
citraconio acids, coumaric acid is a symmetrical Beactwns. — 1. On distillation an oil is got, 
derivative of ethylene, so that it might be ex- whence Na^COj extracts the (j8)-isomeride ; the 
pected to exist in two modifications. These two yield is 30 p.o. — 2. KMnO, gives ethyl-salicylio 
modifications are found in its alkyl derivatives, aldehyde and acid. — 3. Sodium amalgam forms 
The existence of two modifications might also be the ethyl derivative of oxy-phenyl-propionio 
accounted for by ascribing to one of them the acid.~4. Br forms a dibromide [165°]. Salts. — 
XH:CH (C„H„0,)3Ba 2aq.-CaA', 2aq. S. 2*11 at 21°. 

formula 0,H.< 1 (Anschutz, A. 239, Ethyl ether 03H*(OEt).OH:CH.CO,Et. 

^0. C(OS)j (291°). S.G. n 1*084 ; 1*074. Md - 1*668. From 

161 ; 240, 133). Except as regards boiling-point, coumarin (14^ g.), NaOH (8 g.) and water, by eva- 
the physical properties of the (a)-(?oumario ethers porating to a small bulk and heating the residue 
stand to those of their (/3)-i8omerides exactly as with alcohol and EtI (32 g.) at 100°, 
those of citraconio and maleic ethers stand to {$)-EthyH derivative 
those of mesaoonio and fumario ethers respeo- 0HH4(0Et)CH:CH.C03H. [133°] (E.a.F.); [135°; 
tively (Perkin, C. J. 39, 669). (P.). Formed, together with the (a)-i8omeride 

(a)- (or Alio-) Methyl derivative by treating o-coumario acid with NaOEt andEtl 

C,H4(OMe).CH:CH.COjH. • [89°]. Formed by 'Formed also from the (o)-isomeride by distilla, 
heating coumarin with NaOH (2 mols.) and Mel tion, or by long heating to a high t»mperatu>( 
(1 mol.) at 160° (Perkin, 0, J. 89, 409). Mono- (Fittig a. Ebert, A. 216, 144). Obtained by hojiii 
clinic crystals (from OS3). a;6:c =» •67T:1:1’122 ; mg 0,H4(OEt)CHO with NaOAo and aoetio an 
8-87° 12'. V. e, sol. alcohol, m. sol. ligroln. hydride at 160° (Perkin, C. J.89, 413). Needle 
Chauges into the (/3)-isomeride on boiling, or (from water), or prisms (from alcohol). Y. si 
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sol. cold water, si. sol. hot water. T. e. sol. 
alcohol or ether. The Na salt is oxidised by 
KMn04 to ethyl-salicylic aldehyde and ethyl- 
salicylic acid. Bodium amalgam fonna the ethyl 
derivative of oxy-phenyl propionic acid. Br forms 
a dibromide [156°]. Salts.— (C,,H,,Os)jCa 2aq. 
S. *48 at 21°. — BaA'g 4aq. Ethyl rether 
C,H4(OEt).CH;OH.CO^t. (303°). S.G.||109. 
Formed by treating the preceding with PCI5, fol- 
lowed by alcohol. Formed also by boiling* the 
(a)-isomeride for some time. 

Acetyl derivative 

C,H.(OAc).CH:CH.CO^. [146°]. Formed by 
' gently heating salicylic aldehyde (3 pts.) with 
NaOAo (4 pts.) and ACjO (6 pts.) (Tiemann a. 
Herzfeli B. 10, 284). Needles (from water). 
V. sol. hot water, alcohol, and ether. Converted 
by dilute KOHAq into coumaric acid ; and by 
heating above 160° into HOAo and coumarin. 

Carboxy-methyl derivative 
C0,H.C^0.C«H4.CH:CH.C0,H. o-Co^imar-oxy- 
acetic add. [19^]. Formed by heating o-alde- 
hydo-phenoxy-acetio acid (1 pt.) with acetic an- 
hydride (5 pts.) and sodium aqetate (3 pts.) to 
boiling for 1 or 2 hours (Bossing, B. 17, 2997). 
Yellow needles. V. sol. alcohol, ether, and 
hot water, si. sol. benzene, chloroform, and cold 
water. Sublimable. 

n TT ^^HBr.CHBr.COjH 
Di-bromide ^ 

[220°]. White needles ; si. sol. benzene, chloro- 
form, and water, v. sol. alcohol and ether. 

Anhydride [176»]. 

Crystalline solid. V. sol. alcohol and ether, 
si. sol. water. Formed by heating the acid with 
phosphoric acid. 

XHBr.CHBr.CO 

Di-bromide | . [c.213°]. 

\o.CH 2.CO -0 

Orange-yellow needles ; v. sol. alcohol and ether, 
al. soL water and benzene (Bossing, B. 17, 3001). 
Bromo-coumaric acid v. vol. i. p. 6G4. 
tn-Coumario acid 

[8:1]C,H4(0H).CH:CH.C02H. [191°j. Formed 

by heating wt-oxy-benzaldehyde with acetic an- 
hydride and sodium acetate ; or by boiling di- 
azocinnamicacid with water (Tiemann a. Ludwig, 

B, 16, 2048). White prisms. Sol. alcohol, ether, 
benzene, and hot water. 

Acetyl derivative ^ 

C, H4 (OAc).CH:CH.CO.,H. [161°]. White needles, 
sohaJ icohol, ether, and hot water. 

Methyl derivative 

C,H4(OMe).CH:CH.OOjH. [116°]. Long white 
needles, soL alcohol, ether, and benzene, si. sol. 
hot water (Tiemann a. Ludwig, B. 16, 2048). 

^ Garhoxy -methyl derivativeC^JA^J}^i,e, 
C;B[4(0XIH2.C0.^).CH;CH.C03H [1:3]. m-Phen- 
oxy-acetic-acrylioacid, m-Cwmaroxy -acetic acid. 
P^enyl-glycollic-m-acrylic acid. [219°]. Pre- 
pared by heating w-aldehyd^o-phenoxy-acetic 
acid with sodium acetate and acetic anhydride. 
\Vhite needles (from hot water). V. sol. alcohol, 
ether, and acetic acid, si. sol. cold water. The 
Ag, Pb, Cu, andFe salts are sparingly soluble pps. 
(Elkan, B, 19, 3047). 

p-Conmarlc acid C«H4(0H).CH:CH.C02H. 
p-(%i^-ciniiafnic acid. p-Oxy-phenyl-acryUc 
add. Naringemc acid. [206°]. 

Preparation^!. ^ kilM. of aloes are boiled 


for two hours with 5 litres of water and 400 g. 
oono. H2SO4; after cooling the liquor is deoanted 
and the residue again boiled with 2 litres of 
water, the combined extracts are evaporated to 
|, and when cold extracted with ether. The crude 
p-coumario acid (yield ; 1*6 to 1*8 p.c.) left on 
evaporating the ether is purified by conversion 
into the barium salt (Hlasiwetz, A. 136, 31 ; 
Eigel, B. 20, 2627).— 2. p-Oxy-benzaldehyde 
(5 pts.) is heated at 176° with dehydrated sodium 
acetate (8 pts.) and acetic anhydride (10 pts.) ; 
the yield is 70 p.c. of the oxy-benzaldehyde 
(Tiemann a. Herzfeld, B. 10, 63, 283 ; Eigel). 
3. By heating p-diazo-cinnamic acid with water ; 
small yield (Gabriel, B. 16, 2301). — 4. Together 
with phloroglucin by boiling naringenin with 
cone, aqueous NaOH (Will, B. 20, 299). 

Properties. — Thick warts (anhy.) or long 
needles (with a:aq). V. si. sol. cold water, v. sol. 
hot water, v. e. sol. alcohol and ether, si. sol. 
benzene, insol. ligroin. Fe.Clg colours the alco- 
holic solution brown. Sodiuqpt-amalgam gives 
p- oxy-phenyl -propionic aci^. Potash-fusion 
forms p-oxy-benzoic acid (Barth, B. 12, 1259). 

Salts. — NH,A'aq: monoclinic tables. — 
CdA'.>3aq.— CuA'o 6aq. — AgA'. 

Methyl derivative 

C«H,(OMe).CH:CH.C02H. [169°] (E.) ; [171°] 
(P.). Formed by heating anisic aldehyde with 
acetic anhydride and sodium acetate at 180° 
(yield : 70 p.c. of the anisic aldehyde), or by 
saponification with KOH of the di-methyl-ether 
C^H4(0Me).CH:CILC02lVIe formed by heating the 
acid with methyl iodide and KOH. Occurs 
among the products of the action of KOH and 
Mel upon tyrosine (KSrner a. Menozzi, 0. 11, 
519). Formed also by oxidising the methyl de- 
rivative of methyl oxy-styryl ketone with NaOCl 
(Einhorn a. Grabficld, A. 243, 303). Yellow 
needles, m. sol. alcohol, hot water, and HOAc; 
si. sol. cold water and chloroform (Perkin). 
Gives when heated the methyl derivative of 
vinyl-phenol CH^iCH.C^H^OMe. This body, is 
also formed by successive treatment with HI 
and Na^CO, (Perkin, G. J. 33, 214).— A'Na.— 
AgA' (Eigel, B. 20, 2527). 

Methyl ether C„H4(0Me).CH:CH.C02Me. 
[89°j. (303°). Laminje. In chloroform solu- 
tion it takes up bromine, with production of 
C,H4(OMe)CHBr.CHBr.C02Me [118°] (Valentini, 
Q. 16, 424 ; Perkin, G. J. 39, 489). 

Chloride C,H4(OMe).CH:CH.COCl. [50°]. 

Amide C„H4(OMe).CH:CH.CONH,. [186°]. 

Acetyl derivative 

C,H4(0 Ac).CH: 0H.C02H. [c. 196°]. Formed 

by heating sodium p-oxy-benzoio aldehyde 
CeH4(ONa).CHO with NaOAc and Ac^O (Tie- 
mann a. Herzfeld, B. IQ, 65). Felted groups of 
slender needles (from hot water). Sublimes 
readily. Sol. boiling water, alcohol, ether, and 
HOAc, V. si. sol. cold water, benzene, and OHCl,. 

Carboxy -methyl derivative 0||H,„O, 
i.e. OgH4(O.CH2.CO^).CH:CH.COja [1:4]. p-Ctt- 
maroxy-acetic acid. Phenyl-glycoUic-p-acrylio 
acid. [225"']. Prepared by boiling a mixture of 
p-aldehydo-phenoxy-ai^etio acid (1 pt.), sodium 
acetate (1 ]^, and acetic anhydride (3 pts.) for 
6 hours. Warty crystals. Sol. benzene and 
benzoline, v. sol. alcohol, ether, and acetic acid, 
si. sol. cold water. The Ag, Pb, Cu, and Fe salts 
are sparingly soluble pps. (Elkan, B. 19» 304I3). 
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Dl-btomia« of eoumaric aoidv. Di-buomo-oxt- 

fHENYL'PBOPIONIO ACID. ^ 

Hydro-coumarlc acid v, Oxy-phenyl-pro- 

PIOKIO ACID. 

Other derivatives are described as Nitbo- 

OODMABIC ACID, Dl-OXY-OINNAMIO ACID, and OxY- 
AMIDO-CINNAMIC ACID. 

O-COUMAEIC ALDEHYDE 

0 H4(0H).CH:CH.00H. Oxy -cinnamic aldehyde, 
ri33°l. Long slender needles. V. sol. alcohol 
and ether, si. sol. water. re^Cl, gives a red pp. 
Formed by the decomposition of its glucoside 
under the influence of emulsin (Tiemann a. Kees, 

^aiucohde [ 2 a]O.H,( 00 „H„ 0 .).C,H..COH. 
Olnco-cownaric aldehyde. [199°]. Formed by 
adding a few drops of dilute NaOH to a mixture 
of helicin [2:1]C«H4(0C,H„0,).C0H and acetic 
aldehyde. This condensation even takes place 
in dilute aqueous solution and at a low tempera- 
tureTTiemann a. Kees, B. 18, 1958). Fine white 
needles (containing aq). V. sol. hot water and 
alcohol, insol. ether and chloroform. Lrovorota- 
tory. By emulsin it is split up into coumario 
aldehyde and glucose. Sodium amalgam reduces 
it to gluco-coumaryl alcohol 

C,H 4 ( 0 C«H„ 04 ).C.^,.CH,( 0 H). 

Phenvl hydrazide of the glucoside 
C..H 4 (OCaH..O,).CA.CH:N,HPh: [132°]; sol. 
alcohol and hot water, nearly insol. cold water. 
Oxim of the glucoside 

C«H4(0C,H„0,).0,H,.CH:N0H: [230°]; long 

white needles (containing 2aq) ; v. sol. hot water, 
less sol. alcohol, insol. ether. 

7 ?>Coumario aldehyde 

[3:1] 0 «H 4 (OH)CH:CH.CHO. [100°]. From in- 

aldehydo-phenoxy-'’''‘>tio acid, aldehyde, and 

dilute NaOHAq (Elkau, 19, 3048). 
n-Coumaric aldehyde 

[4:1] C«H4(0H)CH:CH.CH0. [182°]. Froinp- 
aldehydo-pWoxy-acetic acid in the same way. 

• COUMAEILIC ACID C„H„Oj i.e. 

C,H4(0H).C:C.C02H or >C.CO,H. 

o-Oxy-phenyl’propiolic acid. [191°] (F.); 

[193°] (P.). (c. 312°). Formed by treating (o)- 

bromO'COumarin with hot alcoholic KOH (Per- 
kin, C. J, 24, 46 ; Fittig, A. 216, 162). Long 
needles (from water) ; v. e. sol. alcohol, m. sol. 
water, si. sol. chloroform and CSj. Not at- 
tacked by Br or cone. HBr. Potash-fusion gives 
salicylic and acetic acids. KMnO^ forms only 
CO,j. Sodium amalgam reduces it to hydrocou- 
marilic acid C«HgOa. 

S alt s.— AgA'.— CaA',, 3aq. - BaA'^ 4aq. 
Ethyl ether [27°]; (274° at 720mm.) 
(Hantzsch, B. 19, 2401).« 

Methyl derivative CaH4(^Me).C:C.C02H. 
[126°]. From the methyl -derivative of exo~ 
bromo-coumario acid and dilute KOH (Perkin, 
C. J. 39, 423).* Needles (from CSj). 
Bromo-oovfiarilio acid 

0,H,Br<^^J^0.C02H. [260°]. From (o)-di- 

bromo-coumarin and alcefcolio KOH (Perkin, 
C. J. 24, 46). Needles, si. sol. water, v. sol. 
alcohol. 

Methyl derivative 

O.H,Br(OMe).C!O.COjH. [168°]. Prepared from 
0,HfcBr(OMe).C*H»Br,.CO*H and aqueous KOH 


S erkin, 0. J, 89, 419). Small needles (from 
nzene). 

^-Oxy-cumarilio acid Methyl derivative^ 
CaH 3 (OMe)<;^Q ^C.CO,H[4:2:l]. [196°]. Formed 
by boiling bromo-umbelliferon-methyl ether 
• CH:CBr 

C8H,(OMe)<' / with cone, alcoholic KOH. 

o.co 

Long white nqedles. V. sol. alcohol and ether, 
scarcely sol. cold water, more readily in hot. 
Slightly volatile with steam. — BaA'^daq : white 
crystalline solid (Will a. Beck, B. 19, 1783). 
Ethyl derivative 0„HioO, i.e* 

C,H.(OEt)<°“>C.CO,H [4:2:1]. [163=]. 

Formed by boiling bromo-umbelliferon-ethyl 
CIT;CBv 

ether C«H.{OEtX | with cone, alcoholic 
1 « ' . O.CO 

KOH. Long felted needles (Will a. Beck, B. 19, 
1785 )- . * 

Hydro-coumarilio acid CaHgOs i.e, 

0.H,<™=>CICC0.,H. [117°]. (209°). 

Formed by treating coumarilic acid with sodium 
amalgam, and extracted by ether from the acidi- 
fied product (Fittig, A. 216, 166). Pearly plates 
(from water) ; very volatile with steam. V. sol. 
alcohol and ether, m. sol. water. Partially de- 
composed on distillation, yielding a phenol. 
Gives phenol on distillation with lime. 

Salts.— AgA'.~CaA '2 2aq. Ba.V,.2aq. 
Ethyl ether YAM. [2f]. (273°). 
p-Oxy-hydrocoumarilic e,ei^Methy I deriva^ 

live C,.H„0, i.c. C„H,(OMe)<™=>CH.CO,H 
[4:2:1]. [114°]. Formed by reduction of the 
mctiiyl derivative of oxy-coumarilic acid 

CBHj(OMe)<^^^C.C 02 H with sodium-amal- 
gam. Hard prisms. V. sol. ordinary solvents. 
Volatile with steam (Will a. Beck, B. 19, 178.3). 
Ethyl derivative CnHjjO, i.e, 

C.Il,,(OEt)<™‘>OH.COfl [4:2:1]. [119°]. 

Formed by reduction of ethoxy-coumarilic acid 
CJI,(OEt)<^^^^C.CO, 2 H with sodium amal- 
gam. Hard white needles (Will- a. Beck, B. 19, 

1786). * , T 7 . 

Di-oxy-coumarilio acid Di-ethyl deriva» 
ti« C,H,(OEt),<°jj>C.CO,H. [195°]. From 

bromo-fEsculetio ether C^H._,(OEt) 2 <^Q 

and nlooholio KOH (Will, B. 16, 2119). Slendai 

needles. 

7. also Metiiyl-ooumarilic acid. 

.CHiCH 

CODMAI^N C„Hu 02 t.e. Mol 

w. 146. [67°]. *(290°). ^ 

Occun'CTice. — In Tonka beans, the fruit Oj 
Coumaruma odorata, or Dipteryx odaraia, e.\ 
’ small white crystals between the seed coatini 
and the kernel ; found in woodruff {AsperudA 
odorata), in Melilotus ojjicinalis (as melilota^ 
CjgHjoOs [128°]), in the flowers of sweet-scentei 
vernal grass {Anthoxanthum odoratum), in th 
^ leaves of Faham [Angracum fragrans), of afl 
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other orefaid, Orchis ^ca, and of Llatris odo- 
ratissima (Guibourt, Histoirc des Drogues Sim^ 
pies; Boullay a. Boutron-Ohaillard, J. Ph. 9, 
480 ; Dolalande, A. Ch. [8] 6, 343 ; Bleibtreu, 
A. 59, 177 ; Procter, Rip. chim. App. 1861, 143 ; 
Fontana, B. J. 14, 311 ; Gnillemette, ^4. 14, 328 ; 
Eossmann, A, 62, 387 ; Gobley, A. 76, 35^). 

Formation.—!. By boiling aalioylio aldehyde 
with AOjO and NaOAo (Perkin, b. J. 21, 63, 181 ; 
e/. vol. i. p. 168).— 2. Together with HOAo by 
beating acetyhooumaric acid (Tiemann a. Herz* 
feld, B. 10, 287). — 3. By the action of Br at 
170° on the anhydride of o-oxy-phenyl-propionio 
•Old (Hochstetter, A. 226, 860). — 4. By heating 
phenol with malic acid and H0SO4 or ZnCl^. 
^6 reaction probably takes place in the follow- 
ing st&ges : (1) By splitting off formic acid the 
lemi-aldehyde of malonic acid is formed. 
CH(0H).C02H CHO 
I » I +‘£[,CO, 

CH,.COjH CH,,CO^ 

(2) By condensation of this aldehyde with 
I the phenol an oxy-phenyl-lactic acid is pro- 
duced — " *' 

cno 

C,H,.OH + ( 

CH,.COoH 

- O.H.<gH(OH).CH;.CO,H 

f3) By splitting two mols. of water from this 
boay a cumarin is formed ; 

W<CH(0H).CH„C0,H 

CH:CH 

( + 2H.0 

0~C0 

(Pechmann, B. 17, 920). 

Properties. — Triclinic crystals, a:6:c 
-r -8838:1: -3696 (Scacohi, Q. 14, 668). Peculiar 
odour. M. sol. hot water, v. e. sol. alcohol, insol. 
cold aqueous baryta, but dissolves on boiling. 
Ether will not extract it from the solution, but 
•bids, even COj, re-ppt. it. It appears, however, 
to have formed the barium salt of an oxy- acid, 
which is not o-coumaric acid, unless the boiling is 
prolonged after the coumarin is dissolved (Ebert, 
A. 216, 189). Coumarin dissolves in boiling aque- 
ous EyCOa without evolution of GO^, apparently 
forming a compound with it. BaCO, has no 
action on coum^n. ^ 

Reactions. — 1. Boiling cone, aqueous KOH 
gives o-coumario acid.— 2. Potash-fusion forms 
acetic and salicylic acids.— 3. Gaseous HBr 
passed into its solution forms large transparent 
crystals [c. 46°] of what is probably an addition- 
product. Exposed to the air, these crystals 
quickly lose B®r, leaving pure coumarin (Ebert, 
A. 226, 847). — 4. Sodium amalgam reduces it to 
ozy-phenyl-propionio acid. In alcoholic solu- 
tion sodium amalgam forms di-hydro-di-couma- 
rio acid which is si. soh cold water, 

forms the salts Na.^"10aq, Qahr 2aq, PbA", 
CnA'"2aq, and Agj^A", and an anhydride 
Ci,Hi«0. [222°] (Zwenger, A. Su^l. 8, 32). 

Con&inaHons with bases .— — 
0^«0|2Na0H. Obtained ^ boiling coumarin 
(1 moL) with aqueous NaOH (2 mols.) for a few 
ainutes. Deliquescent; at 160° it becomes 
C^0^a»0.--AH.0aBa(0]^--0A0^Pb0.- 
y^ow pp. Formed by adding 
AgKO| to tjhe yellow solution of coumarin in 


aqueous KOH (Perkin. 0. J. 22, 192 ; William- 
son. O. J. 28, g60). 

Oxim C,H,<®A>C(N0H) : [181-]. 

Formed by the action of hydroxylamine upon 
thiocoumarin in alcoholic solution. Long white 
needles. V. sol. alcohol, ether, and benzene ; soL 
hot water, nearly insol. cold. It is very stable 
to alkalis and acids, but by long heating with 
HCl it is split up into coumarin and HjNOH. 

JSf A?/i-oa;imC«H^<^'{^‘-»>C(NOEt) : [60°]. 

Formed by ethylation of thrf»oxim. Colourless 
plates. V. sol. alcohol, ether, and benzene, in- 
sol. water. 

Phenyl-hydrazide ' 
C.H,<°*>C(N,HPh) : [144°]. Formed by 

heating thiocoumarin with phenyl-hydrazine in 
alcoholic solution. Long yellow needles. V. sol. 
benzene and ether, sol. hot alcohol, si. sol.«Cold 
alcohol, insol. water. Dissol^s in HjS04 with a 
green colour (Tiemann, B. 19, 1662). " 

Coumarin bromide C^HuO^rj. [105°]. From 
coumarin (7 pts.) and Br (8 pts.) in CSj (Perkin, 
G. J. 17, 368; 9, 37). Oblique prisms (from 
alcohol) ; v. sol. alcohol, but decomposed by 
boiling therewith. Gives off Br a little above 
its melting-point. Alcoholic KOH converts it 
into (a)-bromo-coumarin (v. vol. i. p. 664). 

Chloro-coumarin v. p. 67. 

Di-coumarin C,8H,f,04 i.e. 

®A<o“o>°-C<CO.O>°A ? taboY. 
330°]. From salicylic aldehyde, sodium succinate, 
and Ac.^0 at 100° (Dyson, C. J. 61, 62). Insol. 
ether, alcohol, and benzene, si. sol. chloroform, 
and HOAc. Slowly dissolvpo -n boiling NaOHAq, 
but is reppd. unchangeu oy acids. Keduced in 
alkaline solution by sodium amalgam to hydro- 
di-coumaric acid OjgHj^Os, which is insol. water, 
sol. CHCl, and benzene. It foinqs the salts 
BaA'jjCaq and AgA'. At 133° hydrodicoumaric 
acid splits up into water and its anhydride 
hydrodicoumarin CihHjjO^ [266°]. It is recon- 
verted into the acid by long heating with cone. 
NaOHAq or with HOAc. Bromine acting on 
hydrodicoumarin in GHClg forms C,„H„Br04. 

Hydro-dicoumaric acid is perhaps 

Beduced in aqueous alkaline solution by sodium 
amalgam it gives the dihydro’diooumario acid 

not identical with Zwengev’s acid. Its salts are 
CaA'a6aq.— AgjA". forms an anhydride 
[224°] 

Homologuei of coumarin. Obtained by the 
action of fatty anhydrides upon sodium o-oxy- 
benzoic aldehyde (Perkin, C. J.^, 10). They 
are described as anhydrides of tnh oorrospond- 
ing oxy- acids. 

Oxy-coumarini. Described as anhydrides of 
Di-oxy-cxnnamic Acxj>,*(fto. The di-oxy-bonzenes ‘ 
and their homologues may be converted by treat- 
ment with malic acid and H^SO^ into oxy- 
coumarins, and by aceto-acetio ether and a de- 
hydrating agent into oxy-methvl-ooumarins. 
When excess of aceto-acetio ether is used, sxnaU 
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qnantities of polyooumarins are also formed 
(Peohmaun, B. 17, 929, 2191 ; 20,^328). 

Thus from resorcin may be prepared umbelli- 
yOHrCH 

teron [* J] C.H.(OH)/ [224“], 

(fl) -methyl-umbellif eron 
' XMe-.GH 

[* *] C,H.(OH)<( I [248°], 

^0 « CO 

and di-methyl-di-ooumarin 

CH:CMev .CMe.CH 

I 

CO . 0^ \0 . 

Orcin gives rise to 

.CH:CH 


CO 


0«HaMe(0H)' 


/ 


OJI^Mei 


"^0. CO 
.CMe:CH 


i [248°] and 


|OH,<o ^ 


CO 


[250°]. 


Pyrogallol forms daphnetin 

/CH:CH 

[ 4;3:J] C,H,(OH)/ [ [255°], and 

(j3) -methyl-d aphnetin 

>CMe:CH 

[4:3nC,H,(OH)/ 1 . 

^0 . CO 

Phloroglucin gives 


,CMe:CH 


\0 . CO 

‘ tri-methyl- tri-couniarin 


[284°], and 


f XMc.CH'l 

oA <C I } 

L^O . COj,. 


NH 
,C1LCH 

Imido-dihydro-coumarin I 

• No .CO 

• NBz 

. A 

/CH.CH 

Benzoyl derivaiiveQ^i\ I [171°]. 

^0 .CO 

Fine white needles ; sol. warm ether, alcohol, 
benzene and acetic acid; insol. water. Formed by 
boiling an acetic acid solution of tho benzoyl de- 
rivative of o-oxy-phenyl-ajS-imido-propioiiic an- 

hydride j 0.H,(0H).0,H,(NBz).C0 j 0. By 

treatment with concentrated aqueous NaOH it 
is converted into o-oxy-phenyl-glycidio acid 
0 

0,H4(0H).(J^^.C0,H 
(PlSchl a. WoUrum, B. 18, 1184 ;* c/, Rebuffat, Q, 
16, 627). ^ 


Oumarin oxide 




1H.CB 

CJO 


Ifmer anhydride of o-oxy-phenyl~glycidM acid. 
[153°]. Long neemes or prisms. V. sol. ether 
and warm alcohol. Formed by boiling o-oxy- 
phcnyl-glycidio acid with dilute HaSO,. By 
boiling with water it la partly converted back 


again into oxy-phenyl-glycidio acid (P16ohl a. 
Wolfram, B. 18, 1187). 

COTJMABIN - CABBOXYUO ACID 

.O-CO 

0,HA 1 [187°]. 

. \CH:C.COOH 
Formed by heating salicylic aldehyde, malonio 
acid, and glacial* HOAc at 100° (Stuart, 0. J. 
49, 366). White needles (from water). It is 
not decomposed by boiling with water or on 
melting, but on heating above 190° it evolves 
COn, leaving coumarin. 

Salts.— BaA'a and AgA' are white pps. 
COUMARIN DIHYDRIDE v. Anhydride of 

OXY-PHKNYL-PnOPlONIO ACID. 

COUMARONE CgH*0 i.e. O.H*<^§®^CH. 

(169°). Formed by heating ooumarilio acid 
with lime, CO^ being split off (Fittig a. Ebert, .4. 
216, 168; 226, 347). Formed al^ by boiling 
o-aldehydo-phenoxy-acetic acid with ACjO and 
NaOAo (Rossing, B. 17, 3000). Heavy oil ; 
volatile with st^m. Not attacked by sodium 
amalgam. Converted by a drop of HjSO^ into a 
reddish-white amorphous mass. 

Dibromide C.HBOBrj. [86°]. Prisms (from 
CSj). Converted by boiling with water into 
coumarone and other products. 

Bromo-coumarone CgHjBrO. [86°]. From 
coumarone dibromide and alcoholic KOH. 
Needles (from dilute alcohol). V. e. sol. aloohpl 
and ether, insol. water and alkalis. 

23-Methoxy-couinarone CgHgO, <.a. 
O.H.(OMe)<® 0 >CH [4;2;1]. (179°). Formed 
by dry-distillation of the silver salt of methoxy- 
coumarilic acid CuHj( 0 Me)<^^^^C.C 02 H in a 

stream of COj. Colourless oil, having a strong 
odour of flowers. Somewhat heavier than water. 
Very volatile with steam (Will a. Beck, B. 19, 
1784). 

Oxy-methyl-coumarono CjHgOj i.e. 

[4 1] CgH,(OH)<^^®>CH. [97°]. Formed, by 
loss of COj, by distillation of oxy-methyl-oou- 
marilio acid C 6 H 3 (OH)<®q ®^C.COjH. White 

needles. Sol. benzene and hot water, v. e. sol. 
alcohol and ether. * Dissolves in alkalis without 
alteration. Sparingly volatile with steam. 
Sublimes slowly at the ordinary temperature. 
Gives a violet colouration on warming with 


cone. H^SOg (Hantzsch, B. 19, S , 

Coomarone-a-oarbozylio acids are identical 
with Coumarilic acids (q. v.). 

o-COUMARYL-AlCOHOL. Qlucoeide. 
O,H^(00gH„O4).C3H2.CH3OH. Oluco-GOunMtyl 
alcohol. [116'’]. Fine white needles (containing 
aq). V. solwalcohol, insol. ether. Formed br 
reduction 01 gluoo-o-coumario • aldehyde ^witli 
sodium amalgam. By emulsin^ it is 8]plit up 
into coumaryl alcohol (which is an oil) anfl 
glucose (Tiemann a. Kees, B. 18, 1962). 

CREATINE C,H*N,0, i.e. 
NH,.0(NH).NMe.0Hj.00jH. MpLw.lSl. KtHhyl 
guaniw-aeetio add. S.G. 1*86. S. 1*8 at lA?* 
S. (alcohol) '016. , « , . 

Occurrence.— In the muscular flesh of mam* 
malia, birds, amphibia, and Ashes (Oheymul] 
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/. PA 21, 234 ; Pottenkofer, A. 52, 97 ; Liebig, 
A. 62, 282 ; 108, 864 ; Heintz, P. 62, 602 ; 70, 
460 ; 78,696; 74,126; C. P.24, 600; Gregory, 
C. j. 1, 26 ; Dessaignes, 0. P. 88, 839 ; 41, 
1268 ; J, Ph, [3] 32, 41 ; A, 97, 339 ; Schloss- 
berger, A. 49, 344 ; 66, 80; Price, C. 3, 229 ; 
Stiideler, J,pr. 72, 266). Occurs also in urine, 
blood, and brains (Verdeil a. Maroet, J. Ph. [3] 
20, 89 ; Muyer, A. 103, 142 ; Voit, J. 1867, 791). 
In some cases where creatine has been found it 
may have been formed from pre-existent crea- 
tinin by the process of extraction. Creatinin 
does not, however, appear to exist in flesh 
(Neubauer, Fr. 2, 22 ; Nawrocki, Fr. 4, 330). 

Synthesis. — By the direct union of cyan- 
^ide with methyl-amido-acetic acid (sarcosine) 
in aqueous or alcoholic solution (Volhard, Z, 
[2] 6, 319 ; Strecker, J. 1868, 686). 

Preparation. — Finely-chopped meat (250 g.) 
is heated with water (250 c.c.) at 60° for 10 
minutes, the liquid is squeezed out and heated 
till the albumen is coagulated. The liltrato is 
treated with lead sub-acetate as long as ppn. 
occurs, is filtered, and freed fr6m excess of lead 
by HjS. The filtrate from PbS is evaporated 
to a syrup, from which creatine slowly separates; 
a further quantity may be ppd. by adding alco- 
hol (2 or 3 vols.) (Neubauer, Fr. 2, 22 ; Mulder 
a. Monthaan, Z. [2] 5, 341). 

Properties. — Monoclinio prisma (containing 
aq). Si. sol. water, v. si. sol. alcohol, insol. ether. 
The aqueous solution is neutral to litmus. Con- 
verted into its anhydride creatinin by heating 
with aqueous HCl, with ZnCl„, with HgSO,, or 
oven (although slowly) with water at 100°. 
Gaseous HCl passed over creatine at 100° also 
forms creatinin hydrochloride. If 5 or 6 drops 
of a 20p.o. solution of AgNOj are added to 2 c.c. 
of a cold saturated solution of creatine, and a 
solution of KOH is added so as just to redissolvo 
the white pp. which is first formed, the liquid 
presently solidifies to a transparent jelly ; re- 
duction of silver takes place on heating (Engel, 
O. P. 78, 1707). 

Reactions. — 1. Boiling haryta-toater splits it 
np into urea (or CO^ and NH3) and methyl- 
amido-acotic acid. Methyl-hydantom is also 
formed.— 2. Nitrons acid decomposes it, giving 
off half its nitrogen in the free state.— 3, Alka- 
line NaOBr gives off two-thhds of the nitrogen 
as such (H^er, J. pr. [2] 1, 7).— 4. Boiling 
with water and HgO gives methyl-guanidine 
and oxalic acid. — 5. When heated with soda- 
lime it gives off methylamine. 

Salts.— B' jH 2S04 : slender prisms.— B'HCl. 
— BTHNO*: short thick prisms. — B'CdC1^2aq: 
large cr3^tal8. — ^B'EnClji small crystals, resolved 
by not water into creatine and ZnClj (Neubauer, 

A. 187, 298).— HgC^H^NjOjIaq: white pp. from 
ereatine, HgCl^ and KOH (Engel, C. P. 80, 885; 

B. 8, 546). • ' 

Ampblereatine C0 H,»NtO 4. A base occurring 

in mnscolar tissue (Gautier, Bl. [2] 48, 19). 
Tellow crystals ; not ppd. by Cu(OAc), or HgCl, 
but ppd. by senium phosphomolybdate. Its 
hydrochloride is crystalline but not deli- 
quescent. Its platinochloride forms soluble 
tables. 

Isomeride of eioatine v. Aulciueatins^ voL i. 
p.93. 


CBEATININE C^H^N.O U. 
vNMaCH, 

HN:C<; I . Mol. w. 113, S. 9 at 16« 
\NH . CO 

S. (alcohol) 1 at 16° (Liebig) ; *8 at 16° (Johnson). 

Occun'cnce. — In human urine to the extent 
of -5 p.o. (Pettenkofer, A. 52, 97 ; Heintz, P. 62, 
602 ; 73, 595; 74, 125 ; Liebig, A. 62, 298, 324; 
Neubauer, A. 119, 39). Occurs also in urine of 
horses, calves, and dogs (Heintz ; Voit, C. G. 1867, 
504; Socoloff, 78, 243; 80, 114; Maly, A. 
169, 279) and in the flesh of some fish (Kruken- 
berg, J. Th. 1881, 344). ^ 

Formation . — From creatine by the action of 
mineral acids or of dehydrating agents. 

Preparation.— 1. Fresh human urine is neu- 
tralised with milk of lime ; chloride of calcium 
added as long as a pp. of phosphate of calcium 
continues to form ; the filtrate evaporated till 
the §alts crystallise out ; 32 pts. of the mother- 
liquor mixed with 1 pt. of chloride of zinc dis- 
solved in the smallest possibR quantity of water ; 
the mixture set aside for four days ; and the zinc- 
compound, which separates in nodules, washed 
with cold water. The zinc-compound is then 
decomposed by boiling with Pb(OH).,the filtrate 
is evaporated, and the mixture of creatine and 
creatinine digested with cold absolute alcohol, 
which dissolves the creatinine only (Liebig ; 
Dessaignes, J. Ph. [3] 32, 42 ; Heintz ; Loebe, 
J. pr. 82, 170 ; Rdp. chim. pjire, 1861, 25 ; 
Neubauer, A. 119, 27; Socoloff, A. 78, 243; 
Grocco, C. C. 1887, 17). — 2. From urine, after 
adding ^ vol. saturated aqueous NaOAc, by 
fractional ppn. with HgCl,^. A spherical salt 
(04H4HgN30HCl),3HgCl2 2aq is obtained, which 
is suspended in water and decomposed by H^S. 
The filtrate on evaporation deposits creatinine 
hydrochloride, whence Pb(OH)2 liberates crea- 
tinine (Johnson, Pr. 42, 365 ; 43, 493). 

Propel tics. — Monoclinic prisms (anhydrous) 
or efflorescent prisms (containing 2 uq). Neutral 
to litmus (Salkowski, H. 12, 211). V. sol. fiot 
water, m. sol. hot alcohol. According to John- 
son (Pr. 43, 493) there are two varieties of crea- 
tinine, differing in reducing power, solubility, and 
character of their gold salts. Each exists in 
efflorescent and in tabular form. 1 part of 
tabular creatinine from urine dissolves in 10*78 
pts. water at 17°, and in 362 pts. alcohol at 17°, 
and its Pt salt dissolves in 14*1 pts. water at 15° ; 
on the other hand, 1 pt. of tabular creatinine 
from creatine dissolves in 10-68 pts. water at 
16*6°, and in 324 pts. alcohol at 18-6°, while its 
Pt salt requires 24-4 pts. water at 16°. According 
to Liebig, 1 pt. creatinine dissolves in 11*6 pts. 
water at 16°, and in 102 pts. alcohol at 16°. 

Reactions.— 1. In dikaline solutions it is 
slowly convert<..d by taking up water into crea- 
tine (Dessaignes, J. Ph. [8] 82, 41). — 2. Boiling 
with water and HgO gives methyl-guanidine. — 
8 . Baryta-water at 100° gives NF, and methyl- 
hydantoln (Neubauer, A. 137, 289).— 4. KMnOf 
gives oxalic acid and methyl-guanidine. 

Detection. — 1. A ^all quantity of Febling’s^ 
solution at 60° gives a white flocculent pp., con- 
sisting of a compound of creatinine with cuprous 
oxide. 1 mol. creatinine can reduce about f mol. 
CuO (Worm-Miiller, J. Th. 1881, 76 ; Masohke, 
Fr. 17, 184). According to Johnson (Pr. 

866 ; 48, 498) the creatimne obtained from orsftp 
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tine has not the same reducing power as that 
from urine, the reducing effect of 2 mols. glucose 
being equal to that of 6 mols. of tne former, but 
only 4 mols. of the latter.— 2. If a dilute solution 
of sodium nitroprusside is added to a solution of 
creatinine and dilute NaOH slowly dropped in, a 
ruby-red colouration is produced. By this teat 
the presence of creatinine in urine can be demoja- 
strated. With creatine no colour is produced, 
unless it is previously converted into creatinine 
by boiling with a dilute acid ; in this way the 
presence of creatine in milk can be proved (Weyl, 
D. 11, 2176). On acidifying and warming Prus- 
sian blue is formed (Salkowski, H. 4, 133 ; Go- 
lasanti, .G. 17, 129). According to Guareschi 
(0. G. 1887, 680) this reaction is given also by 
thio-hydantoin, methyl-hydantoin, and other 
compounds containing the group N.CHj.CO.N. 

Salts.— B'HCl : prisms (from alcohol) or 
laminsB (from water). — B'HAuCl^. According to 
Johnaon this salt when prepared from creatinine 
derived from create is decomposed by ether, 
but when prepared from urinary creatinine it is 
not affected by ether. — B'.^HoPtClg 2aq : orange 
prisms. Solubility: v. supra. — B'HI: large 
crystals (from water). — B'^HoHO^: dimetric tables 
(from dilute alcohol).— B'.,ZnCl2 : monoclinic 
prisma (Schmidt, A. 61, 332). Insol. absolute 
alcohol. S. 1-86 at 15° ; 3*05 at 100°. S. (98 p.c. 
alcohol) -0108 at c. 18°; S. (87 p.c. alcohol) -0174 
(Neubauer).— B'.2H2ZnCl4 : large crystals, v. sol. 
water and alcohol (Dessaignos, J. Ph. [3] 32, 43). 
NaOAo added to its solution pps. B'jZnClj (Neu- 
bauer, A. 120, 207).— B'jCdClj : more soluble in 
water than B'^ZnCl^. — B'.2Hg(NOj)2HgO : crys- 
talline pp. formed by adding aqueous mercuric 
nitrate to a cono. solution of creatinine. — 
(B'AgN0,)2Ag.20 : delicate white needles (from 
water). 

(a).NltroBO-creatinin0 (?) C4H8N4O2. [210°]. 
Formed, together with its isomerido, by passing 
nitrous acid ^as into a cone, solution of creati- 
nine. It is much less soluble in water than its 
(j8)-isomeride (Dessaignes, G. B. 41, 1258; A. 
97, 339; Marcker, A. 133, 305). Crystalline 
powder, si. sol. cold water, v. si. sol. alcohol. 
HCl at 100° converts it into methyl-parabanic 
acid, NH3, and oxalic acid (Strecker, A. 118, 161). 
Br forms O^HjBrN^Oj (?), a neutral crystalline 
substance, v. sol. water. EtI at 160° followed by 
AgjO gives extremely soluble needles of C4H;,N04 
[162°]. Salts. — B'HClaq. - B'..H„PtCl«. — 
BUNOv 

(j8)-Nltro80-creatinine O^HgN^Oj. [195°]. 
Formed as above. Nodules, v. sol. water. 
Salts.— B'HCl: laminae, v. e. sol. cold water. — 
B'jHjPtOl.. 

Ethyl-oreatiuine C^HgStNsO. From creatin- 
ine and EtI at 100°, the resulting hydroiodide 
being decomposed by moist AgjO (Neubauer, A. 
119, 60 ; 120, 267). Needles (containing ^aq). 
V. e. sol. alcoh^ insol. ether.— B'HCl : needles, 
V. e. sol. aloeHol and water, insol. ether. — 
B'aH^PtOlg.— B'EH : needles. 

Xantho-oreatinine OgHjoNgO. 

' OccMmnce.— In musoulhr tissue (Gautier, 
Bl. [2] 48, 18) and in human urine, especially 
during fatigue (Monari, 0. 16, 638). 

Properties.— Sulphur-coloured crystals, hav- 
ing a slightly bitter taste. On warming it smells 
like acetamide. It haa a double action on litmus, 


turning blue litmus red, and sensibly blueing red 
litmus. 

Beactwns. — ZnClj gives a similar pp. to erea- 
tine, B'jZnOl^. AgNO„ a floooulent pp., sol. het 
water, crystallising in needles.' Ppd. after some 
time bv sodium phosphomoly bdate. Itshydro- 
0 h 1 oT fd e forms feathery crystals ;itsplatino- 
chloride crystallises in long soluble bundles. 
Chruilocreatiiime v. p. 171. 

CBENIC ACID (ffpVi?). Said by Berzelius (P. 
13, 84 ; 29, 3, 238) to occur in vegetable mould 
and in the oohreous deposits of ferruginous 
waters. The deposit is boiled with potash, and 
the filtrate treated with HO Ac and cupric acetate 
as long as a dark-brown pp. continues to form. 
This pp. contains apoorenioacid. The filtrate 
is neutralised with ammonium carbonate, more 
cupric acetate is added, and the liquid heated to 
80° ; cupric crenate is then ppd. Crenic acid is 
pale yellow and uncrystallisable ; apocrenic acid 
is brown and si. sol. water. According to Mulder 
(A. 36, 243) crenic acid is OjjHijOg, while apo- 
crenic acid is C24H,20,2. Crenic acid dissolves 
ferrous carbonatd (Boutigny, G. B. 68, 247). 

CBEOSOL OgH,o02 i.e. CgH3Me(OMe)(OH) 
[1:3:4]. Mol. w. 138. (220°). S.G. ia 1'0894. 
Occurs among the products of the distillation of 
beech wood and of gum guaiaoum (Hlasiwetz, A. 
106, 339). Formed also by distilling homova- 
nillic acid CHH,(0Me)(0H).CH2.C02H with lime 
(Tiemann a. Nagai, B. 10, 206). Aromatic liquid, 
si. sol. water, miscible with alcohol, ether, and 
benzene. FejClg gives a green colour. HI or 
potash-fusion convert it into C„H,Me(OH)2 (Tie- 
mann a. Koppe, B. 14, 2025). PCI, ^ves 
C,.H3Me(OMe)Cl (?) (185°) S.G. 1*028 which gives 
a green colour with FejCl, and a pp. of AgCl 
witli AgNO., (Biechele, A. 151, 115). 

Salts. -KCHH„02 2aq : needles, v. sol. water 
and alcohol.— KHA'jCq : thin prisms; decom- 
posed by water into KA' and creocol. — BaA'j 3aq : 

8TIl£lll SCftlcS* 

Methyl ether (218°). Oc- 

curs in beech wood creosote (Tiemann a. Men- 
delsohn, B. 8, 1137). Formed by fusing papa- 
verine with KOH (Goldschmiedt, M. 4, 705). Also 
from creosol, KOH, and Mel. Gives no colour 
with Fe^Cl,. • 

Ethyl ether CJi^Me{0}/Le){qEi). Oil. 

Acetyl derivative CgIl3Me(OMe) (0 Ac). 

(247°). Oil (Tiemann, B. 9, 418 ; 10, 68). 

CBEOSOL SUIFHONIC ACID 
C«H2Me(OMe)(OH)(SO,H). From creosol and 
cone. H2SO4 at 60° (Biechele, A. 151, 109 ; Tie- 
mann a. Koppe, B. 14, 2026). Hygroscopic 
syrup. — KA' : noodles ; its aqueous solution is 
coloured blue by FejClg.— BaA'j.— PbA'f. 

CBEOSOL CABB0X7LI0 ACID v. Methyl de- 
rivative of Di-oxy-toluio acid. 

CBEOSOTE {Kpias <T^^eiv).—k mixture of sub- 
stances of a ^enolio character, which may be 
extracted by aiKaliB from the tar obtained by the 
dry distillation of wood. Rhenish beech tar 
creosote contains phenol, cresols, guaiacol, 
phlorol, and creosol (Reichenbaoh, Schw. J. 66, 
SOI, 346 ; 67, 1, 67 ; 68, 362 ; Ettlmg, A. 6, 209 ; 
Laurent, G.R, 11, 124 ; 19, 674 ; DevUle, A. Oh, 
[8] 12, 228; Gorup-Besanez, A. 78, 281; 86, 
223 ; 148, 129 ; Z. [2] 4, 863 ; Voelckel, A, 86, 
93; 87, 806; Hlasiwetz, A. 106,339; Sinnon.P. 
82, 129 ; Hfibschmann, A. 11 , 40 ; ECne, A, 16 , 
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68 ; Fliokiger, Ph. [8] 2, 1008 ; Buot, Bl. [2] 8, 
676 ; H. Miiller. Z, 1864, 40 ; Marasse, B. 1, 99 ; 
2, 71 ; Z. [2] 4, 602 ; 6, 348 ; Frisch, J. pr, 100, 
U28 ; J. Williams, 0. C. 1878, 167 ; Hofmann, 
B, 8, 66 ; Tiemann a. Mendelsohn, B, 8, 1136 ; 
Clark, Ph. [8] 8, 1037 ; Watzel, Ar. Ph. f3] 10. 
180). ^ 

CBESAUBIK V. Anhydride of tbi-oxx-tbi- 

TOLYL'CABBIMOL. 

CEESOLS C,H.O i.e. 0,H,Me(0H). Mol. w. 
108. Oxy^toluenes. Methyl ‘phenoU.—The three 
oresols occur in the tar obtained by the destruc- 
tive distillation of coal, beech wood, and pine 
wood (Schotten a. Tiemann, B. 11,788; Schulze, 
B, 20, 410; Duolos, A, 109, 136; Marasse, A, 
162, 64). They are best obtained in a state of 
purity from the coi-responding toluidines by the 
^zo- reaction, or from the toluene sulphonio 
acids by potash-fusion. A cresol is formed by 
oxidising toluene in presence of Al^Gl^ (Friedel 
a. Grafts, C. B. 86, 884). Acid sulphates of the 
three oresols occur in horse’s urine, and oresols 
are converted into such acids when given to 
animals in their food (Baumaila a. Herter, B. 9, 
1889). The three cresols, by heating with ammo- 
niacal ZnBr, and NH.Br, or with ammoniacal 
ZnClf and NH.Gl, are converted into the corre- 
sponding toluidines and di-tolyl-amines in vari- 
able proportion (Merz a. Muller, B. 20, 544). 

Azo- compounds of the three crcsols,— p-Cresol 
combines with diazo- compounds as easily as 
henols not substituted in the p-position, the 
iazo- residue entering the o-position to the OH. 
Disazo- compounds of p-cresol cannot be ob- 
tained. In the azo- compounds of o- and 
tn-cresol the diazo- residue takes the p- position 
to the OH. Both readily yield disazo- compounds, 
in ^ich the two azo- residues stand in thep- and 
o- position to the hydroxyl, and hence are tneta to 
each other, o- and w-Gresol readily give nitroso- 
derivatives, but p-cresol does not (Kolting a. 
Kohn, B 17, 861). 

o-Cresol C^,Me(OH)[2:l]. [30°J. (190-8°). 
8.G. «:« 1'0053; S 1-0578. O.E. (0°-10°) *00072 
(^ette, A. 243, 87). H. F. 50,992 (liquid) ; 
-8260 (soUd) (Stohmann, J. pr. [2] 34, 311). 

Formation. — 1. By fusing toluene o-sulphonio 
< ^add with EOH (Engelhardt a. Latschinoff, Z. 

1869, 620). — 2. From o-toluidine.— 3. By distil- 
^ f (li 2, aj)-oly-toluio acid^ with lime. — 4. By 
beating carvacrol with PsOa, and fusing the re- 
' suiting o-tolyl phosphate with EOH (Kekul5, B. 
7, 1006). — 6. By treating camphor with ZnGl^ 
(l^nter, B. 16, 624). 

» Proper^iss.—Orystalline. Converted by potash- 

fnsion into salicyllo add. EClO, and HOI give 
di- and tri- chlorotoluquinone (Southworth, A. 
168, 278). Br gives C,H^r 2 Me(OH) [67°] (Wer- 
. ner, Bl. [2] 46, 278). Excess of Br gives 
0^r,(OBr). 

fc Salt.— (0^4MeO),Al. From OT^cresol, Al, and 
a little iodine (Gladstone a. Tdbe, C. J. 49, 26). 
Black, vitreous mass, forming a dark-green solu- 
tion ^ benzene, decomi^sed by water and by 
s^cohoL On distillation it yields di-o-tolyl oxide 
(0«H4Me)20 (c. 276°), o-oresol, and a oompouna 
Ci^hO, crystallising in coburless plates. 

Beneoyl derivative 0,H.jOBz. Oil. 

Methyl ether O^^MefOMe). (171*8°). 
8.O. g *9967. B.V. 146 1. C.B. (0‘^-10°) *00084 
(Pinette, A. 248, 37 } c/. K5mer, Z, [2] 4, 827). 


Ethyl ether C,H,Me(OEt). (184*8°). S.G: t 
•9679. S.V. 170-9. O.E. (0°~10°) *0009 (Pinetto, 
A. 243, 88). From alcohol, EtBr and potassium 
cresol by boiling (Staedel, A. 217, 41). The yield 
is 67 p.o. Also from diazo-toluene sulphate and 
absolute alcohol (Bemsen a. Omdorfl, Am. 9, 
894). HNO, converts it into 0,H3(NOj)jMe(OEt) 
[61°] and a little C„H 3 (N 03 ) 3 Me( 0 H) [82°J. 

Ethylene ether (0,H,0),0jH4. [79°]. 

White plates, si. sol. cold alcohol. 

Propyl e^/tcrC«H,Me(OPr). (204*1°). S.G. 
g *9517. S.V. 196. C.E. (0"-10°) *00087 (Pinette). 

Butyl ether C^H^IkblOC^H,). (223°). 
S.G. *9437. S.V. 218-4. C.E. (0°-10°) *00092. 

Heptyl ether CeH 4 Me(OC,H,J. (277*5°). 
S.G. H *9243. S.V. 292*95. C.E. (0°-10°) *00083. 

Octyl ether C,H 4 Mo(OChH„). (292*9°). 
S.G. *9231. S.V. 317*9. C.E. (0°-10°) *00084. 

Benzyl ether v. vol. i. p. 490. 

7n-Crosol C,H,Me(OH). [4°]. (202*8°). S.G. 
g 1-0498. S.V. 123-2. C.E. (0°-10°) t|0078 
(Pinette, A. 243, 40). Ma V.6316 at 25°. H.P. 
6.3,044 (Stohmann, J. pr. [2] 34, 311). Occurs 
in coal-tar cresol, together with its w- and p- 
isomoridos (Schulze, B. 20, 409 ; cf. Ihle, J. pr, 
[2] 14, 442). From thymol (100 g.) and PjO* 
(40 g.) ; propylene being given off ; the resulting 
w-tolyl-phosphorio acid being fused with EOH. 
The yield is 61 p.o. (Staedel, A. 217, 46; cf. 
Engelhardt a. Latschinoff, Z. 1869, 621 ; South- 
worth, A. 168, 208; Tiemann a. Schotten, B. 11, 
769). Formed also by distilling »n-oxy-uvitic acid 
with lime (Oppenheim a. Pfaff, B, 8, 886), and 
by distilling aluminium thymol (Gladstone a. 
Tribe, C. J. 41, 12). Formed also by the action 
of dry oxygen upon toluene in presence of 
AljCl, (Friedel a. Crafts, A. Ch. [6] 14, 436). 

Properties. — Liquid. Can be solidified by 
throwing a crystal of phenol into the liquid 
cooled in a freezing-mixture (Staedel, B. 18, 
3443). Its aqueous solution is coloured bluish- 
violet by FejClH- Fusion with KOH^gives m-oxy- 
benzoic acid. HCl and KOIO^ from di-chlcro- 
toluquinone Br (3 mols.) gives C„HBr,Mc(OH) 
[82 ; excess of Br forms C.HBrgMelOBr) 
which liberates iodine from KI (Werner, Bl. [2] 
46, 276). 

Benzoyl derivative C,H,OBz. [38°]. 
(o. 295°). 

Methyl ether C,H^Me.(OMe). (177-2°) 
S.G. g -9891. S.V. 147-46. C.E. (0-10°) *00092 
(Pinette. A. 243, 40). H.F.p. 39,748 (0,0,- 94; 
I^O =- 69) (Stohmann, J. pr. [2] 36, 24). 

Ethyl ether (192°). S.G. 

8*965. S.V. 172. C.E. (0°-10°) *0009 (Pinette, 
A. 243, 41). From m-diazo-toluene sulphate and 
alcohol (Bemsen a. Omdorfl, Am. 9, 394). 

Propyl efftcr C,H,Me(OPr). (210*6°). S.G. 
8*9484. S.V,196*2. C.B. (0°-10°) *0009. 

Bttfwiefbcr0,H4Me(00,H,). (229*2°). S.G. 
8*9407. S.V. 220*46. O.E. (0°-10°) *00092. 

Heptyl ether 0,H<Me(00«H.J. (288*2°). 
S.G. 8*9202. 8.V. 296*7. O.B. (6^-10°) *00084. 

Octyl ether C,H,Me(00,H,,). (298*9°). 

S.G. 8 *9194. S.V. 821*95. OJl. (0M0°) *00086 
(Pinette, A. 248, 43). 

Benzyl ether v, vol. i. p. 490. 

m-Oresyl ether v.Di-w-toLTL oxma. 

p-Cresol 0,H,Me(OH). [86°]. (201*8°). S.G. 
*9962; 8 1*0622. 8.7.123*46. C.E.(0°-10n 
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^86 (Pinette, A. 243, 43). H.F, 51,100 (solid) ; 
-2469 (liquid) (Stohmann, J. pr.[2] 34, 311). 

Occwrence.— In coal-tar (H. mff, B. 4, 378). 
As p-tolyl sulphuric acid in urine of horses, of 
cows, and sometimes of men (Brieger, if. 4, 
204). 

Formation, — 1. By fusing its sulphonate with 
KOH (Wurtz, A, 144, 121; 166, 258). If the 
mixture of sulphonic acids of crude cresol is 
treated with excess of baryta, basic barium p- 
cresol-sulphonate is ppd. (Armstrong a. Field, 

G. N. 29, 282 ; Baumann, H. 6, 185). — 2. From 
p-toluidine. — 3. Gqt by putrefaction of ox-brain 
at 40° (F. StSckly, J.pr. [2] 24, 17). Found also 
among the products of putrefaction of horses’ 
liver, tyrosine, _p-o«y-phenyl-acetic acid, and p- 
oxy-phenyl-propionio acid (Baumann a. Brieger, 

H. 8, 149; 4, 304; Weyl, H. 3, 312).— 4. To- 
gether with carpene by the dry distillation of 
podocarpio acid or its Ca salt (Oudemans, A, 170, 
259)^6. By heating p-oxy-phenyl-acetic acid 
with CaO (Salkow^i, B. 12, 1440). 

Preparation— from p-toluidino by diazoti- 
sation in presence of excess of H.^SO,. 

Properties. — Prisms. Its aqueous solution is 
coloured blue by Fe^Cl^. Potash-fusion converts 
it into p-oxy-benzoic acid. HCl and KCIO3 give 
no chlorinated toluquinone (Southworth, A. 1G8, 

271) . Br (2 mols.) gives a pp. of C„H .,Br„Me(OH) 
[49°], but a larger quantity of Br (3 mols.) gives 
C,H2Br2Me(OBr), while a large excess forms 
C4HJBr,(OH) (Werner, Bl. [2] 40, 278). Chloral 
form's 0,H30C2HCI,0 [52°-56°] (Mazzara, Q. 13, 

272) . 

Salt.— (OaH^MeO)jAl. On distillation it 
gives a small quantity of di-p-tolyl oxide and a 
ketone 0,iH,,0 [168°j (307°). S. (alcohol) *4 at 
20° ; 2-5 at 78°. S. (benzene) 3*3 at 21°. V.D. 
209-1 (Gladstone, C. J. 41, 8). 

Acetyl derivative CjHjOAc. (0. 210°). 
Oil (Fuchs, B. 2, C2G). 

Benzoyl derivative C,H,OBz. [70'6°]. 
69,010 ^Stohmann, J. pr. [2j 36, 8 ; cf. 
Guareschi, A, 171, 142), 

Lauryl derivative 0,11,0.0, JLjO. [28°]. 
(220°) at 16 mm. (Kraft a. Biirger, B, 17, 1378). 

Myristyl derivative C.HjO.Cj^HjjO. 
[39°]. (240°) at 16 mm. (K. a. B.). 

Palmityl derivative C,H,0. C„H,.0. 
[47°]. (268°) at 15 mm. 

Stearyl derivative 0,H,O.C,8HsjO. [64°]. 
(276°) at 16 mm. (K. a. B.). 

Methyl ether OflH,Me(OMe). (176°). S.G. 
8-9868. S.V. 147-7. C.E. (0-10°) -00084 (Pinette, 
A. 243, 44 ; Korner, Bull. Acad. Belg. [2] 24, 
154), 

Ethyl ether CaH,Me(OEt). (189-9°). 
S.G. g -9662. S.V. 172-1., C.E. (0°-10°) -00086 
(Pinette, A. 243, 44). H.F.p. 46,880 (Stohmann, 
•f.pr. [2] 36, 24). Formed (llj p.o.), together 
with aldehyde and toluene (18 p.o.), by decom- 
posing p-diazo-toluene sulphate with alcohol 
(Kemsen a. Oi^orff, Am. 9, 394). HNO, (S.G. 
1-6) converts it into di-nitro-p-cresol [84°] and 
its ether [75°] (Staedel, B. 14, 898). K,Cr,0, 
and HO Ac form [4:1] C,H,(OEt)C02H. 

Ethylene ether (C,H,MeO)AH4. [135°]. 
(297°) (Fuchs, B. 2, 621). 

Propyl ether C«H^Me(OPr). (210-4°). 
S.G. g -9497. S.V. 196. C.E. (0°-10°) -00089 
(Pinette, A. 243, 46). 
voL. n. 


Butyl ether 0«H,Me(OC,H„). (229-6°). 

S.G, « -9419. S.V. 220-8. C.E. (0°-10°) -OOOgi 
Hcptyl ether C«H,Me(OC,H,3). (283-3°). 
S.G. 2 -9-228. S.V. 297-7. C.E. (0°-10°) -0009. 

Octyl ether C„H,Me(OC,H„). (298°). 
S.G. g -9199. S.V. 322-4. C.E. (0°-10°) 00088. 
Be\zyl ether v. vol. i. p. 490. 
Nitro-benzyl ether v. p-ToLYL miibo- 

BENZYL OXIDE. 


j^Gresyl ether v. Di-p-xoLYL oxidb. 
Derivatives of cresols v. Amido-cresol, 
Bromo-cresol, Chloro-cresol, Iodo-cresol, Ni« 

TRO-CRESOL. 


CRESOL DICARBOXYLIC ACIDS v. OxY- 
uviTic, OxY-ansTHYL-iso-PHTHALio, and OxT- 
METUYL-TEREPIITirALIC ACIDS. 


o-CRESOL-PHTHALEIN Cj^HigO^ i.e, 
(C,H,I\IeOH),C<^'^‘>CO. [214°]. 

Preparatim. — By heating o-crosol (2 pts.), 
phthalic anhydride (3 pts.), and stannic chloride 
(2 pts.) at 120°-125°. From the fused mass thus 
obtaitied the undecomposed cresol is separated 
by stoara-distillition ; and the phthalem is 
purilied by recrystallisation from alcohol (Baeyer 
a. Frando, A. 202, 153). 

ib-oprriicA’.— Flesh-red crystals, v. sol. alcohol 
and otlior, m. sol. hot water ; sol. caustic alkalis 
with violet colouration, showing a broad absorp- 
tion band in the red. 

Bcai-tions.—l. With bromine it forms a di- 
bronio-dorivative together with a bromo-oxy-to- 
luyl-benzoic acid C02n.C8H,.C0.C^H,^MeBr(0H) 
[228°].— 2. With nitric acid it gives a di-nitro- 
derivative. -3. Zinc-dust forms the correspond- 
ing phthalin. — 4. Phthalic anhydride and cotxc. 
sulphuric acid give oxy-inethyl-anthraquinone. 

Di-acetyl derivative [76°]: 

white ainoi-phous mass. 

Di-benzoyl derivative CooH,aBz.^O«. 
[196°]. 

Di-bromo- derivative CojHjgBrjjO^. [266°]. 
Crystalline. Sol. alkalis with 'blue, and in cone, 
sulphuric acid with rose-red, colouration. Con- 
verted by plithalic anhydride and sulphuric acid 
to bromo-oxy-methyl-aiithraquinone. 

Di-nitro- derivative 022Hjg(N02)20| 
[248°]: yellow crptals. Sol. Na,^CO,Aq with 
red-brown colouration. 


o-Cresol-phthalin C.^-HjnO^ i.e. ' 
(C„H3Me.OH),CH.C8H,.CO.,H. [218°]. Prepared 
by reduction of o-crosol phthalem with zinc-dust 
and KOH (Fraude, A. 202, 168 ; B. 12, 243). 
Small concentrically grouped needles; sol. water- 
and alcohol, slowly oxidised to o-creaol-phthalein 
by exposure to air. By the action of HjSOg it 
gives o-cresol phthalidin. 

Di- acetyl dtrivativeG.i^y^k.o.f)^, [139°]. 
Crystalline powder. Sol. acetone. Converted 
by cone. II^SO^ into tlie phthalidin. 

Di-bromo- derivative CjgH, 8Br204. [236°], 
p-Cresol-phihalfi'in anhydride i.e. 

p-cresol, phthalic anhydride and H3SO4 at 160°. 

xcess of p-cresol is removed by steam, and the 
residue washed with boiling dilute KHO (Drew- 
sen, A. 212, 340). Plates or prisma (from alco- 
hol). Sol. alcohol, ether, and benzene; v. sol. 
CHCI3-, insol. ligroin, KHO and weak aoids. 
Couc.H3S04gives a green fluoresoenoe. Sublimei 
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unchangfed. Reduced by aino-durt and AoOH 
to the phthalin anhydride. Fused with KHO it 
yields di-oxy-di-methyl benzopheuone. [105®]. 
Heating with oono. H2SO4 yields ra&iYiyl-erytlvro- 
oxy-anthraquinone. 

^Cresol phthalin anhydride CyHjyOj t.«. 

the preceding by reduction with zinc-dust and 
AcOH ; crystallises from CHCI3. V. sol. alcohol, 
benzene, ether, and acetic acid. Sol. cone. 

forming a brown solution (Drewsen, A. 
212, 340). 

o-CRESOL SXJLPHONIC ACID O-HhSO^ t.c. 
C6H3Me(OH)(SO,H) [1:2:4]. From o-toluidine 
Bulphonic acid by displacing NHj by OH through 
the diazo- reaction (Hayduck, A. 172, 204 ; 174, 
345). Formed also in small quantity by sul- 
phonating o-cresol in the cold. At high tern- 
peratures it is the only product bf this sulpho- 
nation (Engelhardt a. Latschinoflf, Z. 1809, 
621 ; Hantke, B, 20, 3209). Does not crystallise. 
Potash-fusion converts it into salicylic acid, to- 
gether with small quantities uof (l,2,4)-di-oxy. 
benzoic acid. 

Salts. — BaA'jl^aq: extremely soluble ag- 
gregates of monoclinic prisms (Hayduck). — 
BaA',aq (E.a.L.). — BaA'j: amorphous (Hantke). 
— KA'|aq: short needles (from dilute alcohol). 

Methyl derivative 

04H,Me(OMe)(SOjH). Formed by boiling o-diazo- 
toluene sulphonic acid with MeOH. Syrup.— 
BaA'2 2aq : small laminss. 

Ethyl derivative CaH3Me(0Et)S03H. 
Formed by boiling p-diazo-toluene sulphonic 
acid with alcohol (Paysan, A. 221, 214, 303 ; 
Hayduck, A, 172, 215). — KA'aq.— BaA'^ 2aq (P.). 
— BaA'jSaq (H.).— PbA'jSaq. The amide 
C4H,Me(0Et).S02NH2 crystallises in lamina3 
[137°] ; the chloride is an oil. 

o-Cresol sulphonic acid Cj,H,Me(On).SOsH 
[1:2:5]. From the corresponding toluidine sul- 
phonic acid by boiling the diazo- salt with water 
(Nevile a. Winther, C. J. 37, 631). The chief 
product of the sulphonation of o-cresol in the 
cold (Hantke, B. 20, 3209). Very deliquescent 
needles. 

Beactvym. — 1. At 140° it is split up by water 
into o-cresol and H^SO^. — 2. HNO, (1 part) with 
water (2 or 3 parts) converts it into di-nitro- 
o-oresol, [86°]. — 3. Potash -fusion gives salicylic 
acid and very small quantities of a di-oxy-ben- 
zoio acid which is turned blue by FejCl^. 

Salts. — BaA',2|aq (Gerver, A. 169, 386). 
Needles (from dilute alcohol). Gives a violet 
colour with FejCl,. — BaA', : large sparingly 
soluble plates (Hantke).— K A': very soluble 
pearly pistes (H.). — CuA'jSaq: tables. — 
PbA'j24aq (G.). Small needles. 

Ethyl derivative 0sH3Me(0Et)(S0,H) 
nL:2:6].— From C,H,Me^H2)SOJEI, by heating 
its diazo* derivative with alcohol (Foth, A. 230, 
806).— BaA'*4aq. 

m-Cresol sulphonic acid C4H,Me(0H)(B0,H) 
[1:3:61 . [118°]. From t»-cresol and H^SO^ at 

110® (OlauB a. Kranss, B, 20, 8089 ; c/. Engel- 
hardt 9u Latschinoff, Z. 1809, 622 ; NoUing a. 
Salis, B. 16, 1862). Plates (containing 2aq) [76°] 
(from dilute H^SOJ or j^ntaining IJaq) [96°] 
(from cone. HjSOj. V. sol. watfer, alcohol, 
ether, and benzene. Gives a violet colour with 


FeaClg. CrOg gives toluquinone.— KA'Slaq : 
stellate group of needles with fatty lustre.— ^4 
CuA'jSaq: tiflts of pale-green prisms. — BaA 'gSq; 
nodules.— BaC,HaSOj2aq. 

2>Cre8ol sulphonic acid CaH3Me(OH)(SO,H) 
[1:4:2]. [188°]. From j)-toluidine sulphonic 
acid by the diazo- reaction (Jenssen, A, 172, 237). 
Long needles (containing 6aq) [99°]. V. sol, 
water, alcohol, and ether. Hydrolysed by passing 
steam through its solution in dilute H^SO, boil*, 
ing above 120° (Armstrong a. Miller, G. J. 45, 
14.S). -BaA', : amorphous, v. e. sol. water. Its 
solution is coloured violet bv Fe^Cl,,. 

Methyl derivative *C„HiMe(OMe)SOsH. 
From the diazo- derivative of toluidine sul- 
phiqio acid by gently warming with methyl 
alcohol (liimpricht a. Hoffter, A. 221, 352). Its 
amide crystallises in prisms [150°] ; its chlor- 
ide is an oil. — JhiA'.^.— KA'. 

Ethyl derivative C,jH3Me(OEt)(SOsH). 
Prepared as above, using ethyl aj^ohol. 
Formed also by warming diazo-toluene sul- 
phonic acid with alcohol ^emsen a. Palmer, 
Am. 8, 245). — BaA',^ 3l,aq.-'KA'. The amide 
CJ£3Mc(OEt)S02NH,, [136°] (L. a. H.) ; [144°] 
(lia. P.) crystallises in needles. The chloride 
is an oil. 

jp-Cresol sulphonic acid C8H3Me(OH)(SOjH) 
[1:4:3]. From 2>-cresol and fuming H3SO4. Also 
from the corresponding p-toluidine sulphonic 
acid by the diazo- reaction (Engelhardt a. Lat- 
schinolT, Z. 1809, 619 ; Pechmann, A. 173, 203). 
Syrup. Fe.Dl,, colours its solution blue. Potash- 
fusion gives 2)-oxy-benzoio acid. — KA'2aq: 
lamime. — BaA'.. : tables. S. 7 at 17® (Baumann, 
H. 4, 313).-BaC,H8SO,2aq. V. si. sol. water.— 
PbA'_,3aq. — PbA'-^lAaq : laminaa (from alcohol). 

Cfesol sulphonic acid C8H3Me(0H)(S03H) 
[l:?2:x]. Formed by fusing toluene di-sulphonio 
acid with KOH (Brunner, Site. W. [2] 78, 666). 
Feathery groups of crystals (containing ^aq at 
100°) [81°]. Hygroscopic. V. sol. alcohol and 
ether, — NaAV^aq.— KA'2aq : prisCis [c. 228^. — 
BaA'gaq. Its solution is turned blue by Fe^Cf,. — 
CaA'jl I aq.— Pb A'o 3aq. — Cu A'28aq. — Zn A'jlO I aq. 

Cresol sulphonic acids have been obtained 
by sulphonating cresols by Duclos {A. 109, 138), 
and by Armstrong a. Field (B. 6, 974), but not 
sufliciently characterised. 

p-Crosol cxo-8ulphonic acid 
C8H4(0H).CH.4S03H [1:4]. From 
C^H^fNHJ.CHjSOgH by diazo- reaction (Mohr, 
A. 221, 221). Deliquescent needles; v. sol. 
alcohol. The aqueous solution is turned bluish- 
violet by FegClg. — KA', |aq. — BaA'2 7^aq. 

Ethyl derivative C8H4(OEt).CH^.SOgH. 
Prepared by decomposing the diazo- derivative 
of C8H4(NIl2).CHj.SO<,Hby boiling with alcohol. 
— BaA'g 2aq.. 

o-Cresoldisttlphoaic acid C9H2Me(OH)(SOsH), 
[1:2:3:6]. From o-toluidine diaulphonic acid by 
diazo- reaction (Limpricht, B. 18, 2176; H, 
Ilasse, A. 230, 293). Tables oil^aeedles. V. sol 
water and alcohol.— KgA^'l^aq: very solubU 
needles.— BaA" 8 ^aq: small needles. 

Ethyl derivative CgH2Me[OEt)(SO,H)| 
From the diazo- derivative of o-toluidine disul 
phonic acid by boiling with alcohol under an 
extra pressure of 400 mm.— BaA"2^aq. 

7n-Cresol disulphonic acid 
C 8 H 2 Me(OH)(SO,H)g. From w-cresol (1 pi.) and 



OROCONIO ACID, 


375 


HjSOi (5 pts.) at 130° (Claus a. Krauss, B. 20, 
8089). V. sol. water and alcohol, m. sol. ether 
and benzene.— KA' 3aq : plates.— BaA'j ^aq. 

j>.Cresol disulphonio acid 
CgH2Me(0H)(S03H)j [l:4:3:2or6]. Fromp-tolui- 
dine di-sulphonio acid by diazo- reaction (Lim« 
pricht B. 18, 2178 ; E. Richter, A. 230, 322). 
Needles. V. e. sol. water and alcohol. — BaA" 4aq : 
needles.— K2A" ^aq ? : tables.— PbA" 3aq : v. sol. 
water. 

jp.Gresol disulphonio acid 
CuH2Me(0H)(S08HL [1:4:3:6]. From jp-cresol 
Bulphonio acid and fuming HjSOg (Engelhardt 
a. Latschinoff, Z. 1869, 6201.— KjA^Oaq : crys- 
tals, V. e. sol. watfer.— BaA"2Jaq; needles, si. 
sol. water. 

m-Cresol trisulphonio acid 
CgHMe(OH)(S03H)j. From w-cresol, fuming 
H2SO4, and PjOg at 180° (Claus a. Krauss, B. 20, 
3089)i The Ba salt is v. sol. water. 

CRESORCELLKJ ACID v. (5:3;2:1)-Di-oxy-o. 

TOLUIC ACID. 

CRESORCIN V. Di-oxy-toluene. 

CRESORCIN-CARBOXYLIC ACID v. Di-oxy- 

TOLUIC ACID. 

CRESOTIC ACID v. Oxy-toluic acid. 

CRESS OIL. The volatile oil of garden-cress 
{Lepidium sativum) consists to the extent of 76 
p.o. of phenyl-acetonitrile (benzyl cyanide) (Hof- 
mann, B. 7, 1298). The volatile oil of water- 
cress {Nasturtium officinalis) consists of phenyl- 
propionitrile (Hofmann, B. 7, 520). 

CRESTL COMPOUNDS v, Tolyl compounds. 

CROCETIN CjgHggOg. Formed by the action 
of dilute acids on crocin, a sugar (crocose) being 
the correlative product (Kayser, 13. 17, 2231). 
Rod powder. V. sol. alcohol and ether, nearly 
insol. water. Dissolves in alkalis with a yellow 
colour. Like crocin it dissolves in H2SO4 with 
a blue colour, which slowly becomes violet, red, 
and finally crown. Stulls mordanted with 
stannous chloride acquire, by boiling in a solu- 
tion of crocetin (from Gardenia), a dingy greenish- 
yellow colour, which by treatment with ammoni- 
acal water is converted into a brilliant yellow 
colour, unaltered by light and air. The yellow 
robes of the Chinese mandarins are dyed with 
the fruit of the Oardenm. 

CROCIN {tJie colouring matter of saffron) 
C^HygOjg. Appears to be identical with the 
colouring matter of Chinese yellow pods {Gar- 
denia grandifl&ra) (Rochleder, J. pr. 66, 68). 
Yellow powder. V. sol. water and dilute alcohol, 
si. sol. absolute alcohol, nearly insol. ether. 

Preparation . — The saffron, which has been 
previously extracted with ether, is soaked in cold 
water, the colouring-matter is remqved from the 
aqueous solution by animal charcoal, and after 
drying is extracted from the charcoal by means 
of 90 p.o. alcohol* 

Reactions.-iit dissolves in H2SO4 with a deep 
blue colour, which gradually becomes violet, then 
led, and finally brown. HNO, also produces a 
blue colouration, which almDst instantaneously 
parses into brown. By dilute acids it is split up 
into crocetin C^H^O, and a sugar (crocose) 
C,H,20, (Kayser, B. 17, 2228). 

CROCONAMIO ACID OjHjNOg i.e. 
C^O,(OH) (NHj), ormoreprobably OjO^(NH) (OH),. 
Imido-cncomo ocuf.— The ammomom salt is 


fomed by heating the di-anilide of croconie 
acid with aqueous NH,. Mono-basic acid. 

Salt s. — A'NHg : red prisms with bluish reflex. 
A'Ag »aq : yellow needles.— A'jBa 3aq : sparingly 
soluble small yellow needles.— BaOjHNO, 4aq: 
sparin^y soluble yellow plates (Nietzki a. 
Benckiser, B. 19, 773 ; 21, 1856). 

CROCONIO ACID 0gH20. or 
>C(OH).CO 
OC< I I (?). 

\C(OH).CO 

Fomatwm.— 1. From the black-residues ob- 
tained in the preparation of potassium by Brun- 
ner’s method (Gmelin, P. 4, 87 ; A. 37, 68 ; 
Liebig, A. 11, 182 ; P. 33, 90 ; Heller, J. pr. 12, 
230; A. 24, 1; 34, 232; Will, A. 118, 177). 
When CO is passed over melted potassium and 
the product ig treated with water, a red salt, 
potassium rhodizonate, is formed. A so- 
lution of this salt changes on standing exposed 
to air to potassium croconate. Excess of alkali 
converts rhodizonic acid into croconic acid dihy- 
dride, which appears to be an intermediate body 
in the formation of croconic acid from rhodi- 
zonio acid (Nietzki, B. 20, 1617). — 2. By heating 
benzene-tri-quinone CgOg to 100°, or by boiling 
it with water, CO, being evolved. — 3. By exposing 
an alkaline solution of tetra-oxy-quinone 
Cg(0H)402 to the air, oxalic acid being formed 
simultaneously. — 4. 13y evaporating hexa-oxy- 
benzcne 06(OH)g with dilute KOH in an open 
dish (Nietzki a. Benckiser, B. 18, 609). 

Preparation. — By boiling the hydrochloride 
of diamidotetraoxybenzene C8(NH2)2(OH)4 (1 pt.) 
with K2CO, (4 pts.) precipitated MnO, (3 pts.) 
and water (60 pts.) for | hour ; on adding BaCl, 
to the filtrate acidified with HCl the sparingly 
soluble barium croconate separates in golden- 
yellow plates ; the yield is 70 p.o. of the theore- 
tical (Nietzki a. Benckiser, B. 19, 293). 

Properties. — Sulphur-yellow plates or grains 
(containing 3aq). V. sol. water, sol. dilute alco- 
hol, Di-basio acid. Forms a sparingly soluble 
red crystalline anilide. Heated with NH, it 
gives the tri-imide of leuconio acid. With hy- 
droxylamine it gives the penta-oxim of leuconio 
acid Oj(NOH),. By HjS it is converted into 
tbio-oroconic acid C^HjO^S. It is reduced by 
SnClj, 80„ or zino-^ust to the colourless hydro- 
oroconio acid CjH^Oj, which is readily reoxidised 
to oroconio acid. By heating potassium oro- 
conate with HI it is reduced to * croconic-acid- 
hydride’ (OioHgO,,?), whose salts are deep 
coloured ; by further reduction it gives a colour- 
less substance which is readily reoxidised to 
the hydride. Croconic acid is oxidised by HNO, 
to leuconio acid O^Oj. 

Salts.— KjA": long dark-yellow needles (N. 
a. B.).— K2A"2aq ; orange needles (G.). — HKA": 
brownish-yellojy needles with violet reflex. — 
NaKA"a!aq ; yellow rhombic plates, become red 
on drying.— Ca A" 8aq: yellow powder (W.). — 
BaA"l^aq: lemon-yellow powder, insol. water, 
v^ si. sol. HClAq.— PbA" 2aq : lemon-pllow pp., 
insol. water. — OuA" 3aq : sparinglv soluble 
orange needles with blue reflex. — Ag2A"r orange 

pp. 

Aniline salt A"(NH,Ph) 2 : yellow plates, 
m. sol. water. 

Di-ariilide 0*(H0),0(NPh), ; slender red 
nsedlss. Formed by heating the aniline salt with 

•r 9 
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alcohol. V. si. sol. all solvents but aniline. Dia- by moist AgjO (Kekul6, B. 3, 604 ; Z. [2] 6, 
solves in aqueous alkalis, and on heating the 705). — 2. From allyl cyanide {v. vol. i. p. 136) 
solution oroconio acid and aniline are regene* obtained from mustard oil (Will a. Kdrner, A, 
rated. Heated with aqueous NH, it is converted 126, 273).— 8. By distillation of (/8)-oxy-butyrio 
into croconamio acid CjHjNO* (Nietzki a. acid (Wislioenus, Z. 1869, 325).— 4. By boiling 
Benckiser, B. 19, 772). ' a-bromo-butyrio ether with alcoholic KOH (Hell 

Mono-phenylhydraeide a. Lauber, B. 7, 660). — 6. From isocrotonic acid 

Oj(OH)jOj{N 2 HPh) *. [above 300®] ; yellow by intramolecular change brought about by heat- 
needles ; V. sol. alcohol, insol. water. Di-basio ing to 176® (Hemilian, A. 174, 322). — 6. From 
acid.— KjA": nearly black coppery needles, v. malonic acid (1 mol.), paraldehyde (1 mol.), and 
sol. water with a brown colour. excess of glacial acetic acid at 100® (Komnenos, 

Tolylene-o-diamide u. C boconic-dmolu- A. 218, 149). The yield is good (50p.o.). — 7. By 
qumoxALiNK. heating pyruvic acid (1 pt.f with AOjO (6 pts.) 

< Croconic-acid-hydride ’ or C,oH,.0,o and NaOAc (6 pts.) at 170® (Homolka, B. 18, 

yC(OH).CO 987). — 8. By reduction of <, aceto-acetio ether 

i.s. CH(OH)^ ) i {?). The* hydrocroconic with sodium-amalgam (Beilstein a. Wiegand, B. 
\C(OH).CO 18, 482). 

add* of Lcrch {A. 124, 20). Formed by heating Properties, — Trimetricplates (bysublimation) 

potassium croconate with HI. Its salts are dark- or raonoclinio crystals (from water); a:6:c 
coloured. By further r^eduction it is converted =1: 1-8065: r6125; j8- 131®. M.sol.hotligroin. 
into a colourless substance, which is readily Reactions.—!. Potash-fusion forms^only 
reoxidised to the hydride. — CjH.PjBa2aq or acetic acid.— 2. Not reduced to butyric acid by 
deep orange crystalline powder sodium amalgam (Korner, J. 1866, 818; A. 137, 
or amorphous flocculent pp. — PbC^HjOj: red 233 ; c/. Bulk, A. 139, 62). — 3. Br gives aiS-di- 
pp. (Nietzki a. Benckiser, B. 19, 297). bromo-butyric acid.— 4. Conc.HBr at 100° gives 

CEOCONIC-TOLUQTIINOXALINE C^H^NA a- and a little 3- bromo-butyric acid.-6. HOCl 

< Nv gives chloro-oxy-butyric acid. — 6. Cone. HNO^ 

I \CiO(OH) 2 . Croconic-acid-tolylenc- gives acetic and oxalic acids. — 7. Chromic acid 

mixture gives aldehyde and acetic acid (Kekul6, 
0 -diamide. Formed by mixing a cold aqueous A. 162, 315).— 8. Aqueous ammonia forma 
solution of croconic acid with a salt of tolylene- o-amido -butyric acid (Engel, C. B. 106, 1677). 
o-diamine. Fine needles, with green reflex. Sol. Salts. — KA': deliquescent needles. — KHA',; 

alcohol with a brown colour, insol. water. Di- plates (from alcohol) (Pinner, B. 17, 2008). — 
basic acid. — A'^K, ; black metallic needles NaA'. S. (alcohol) 1-4 at 14®.— BaA'j ; easily 
(Nietzki a. Benckiser, B. 19, 776). soluble plates. — CaA', : v. sol. cold, si. sol. hot, 

CEOCOSE {saffron-sugar) C(,Hj20«. Trimetric water (Beilstein a. Wiegand, B. 18, 482). — 
crystals. Sweet taste. Dextrorotatory. Its PbA'jt stellate groups of needles.— ZnA'j 2aq 
reducing power is half that of dextrose. Formed, (Alberti, B. 9, 1194). — AgA' : curdy pp. 
together with crocetin, by the action of dilute Methyl ef^erMeA'. (121°). 8.G. * -OSOO. 
acids on crocin (Kayser, B, 17, 2232 ; cf. Roch. Md “ 1'4138 (Kahlbaum, B. 12, 344). 
leder a. Mayer, J. 1858, 476; Sitz. W. 29, 3). Ethyl ether EtA'. (139® cor.). ^n~l‘424. 

CE08S0PTEEINE. An amorphous alkaloid Boo 50-45 (Briihl, A. 236, 8 ; B. 14, 2798). S.G. 
in the bark of Crossopterix Kotschyana (Hesse, *9268 ; P -9185. M.M. 7-689 at 24*4® (Pefkin, 
B. 11, 1646). C.X46, 637). 

CEOTACONIC ACID C3H^(C02H)2, [119®]. Amide. Spup ; v. sol. water (B. a. W.). A 

Solidifles at 90®. From cyano-crotonic acid crystalline amide [c. 161®] wrfs obtained by 
which changes spontaneously into acid ammonic Pinner {B. 17, 2008) by exposing to the air 
erotaconate (Claus, A. 191, 74 ; B. 10, 822). the hydrochloride of fl-chloro-butyrimido-ether 
Properties. — Crystals. €ol. water, alcohol, CH 3 .CHCl.CHj.C(OEt).NH 2 Cl. 
and ether. At 140° it dteomposes, giving off Is i-cro tonic acid C,H,,Oj i.«. 

COj (difference from itaconic, citraconic, etc.). CHj:CH.CH.2.C02H (?). Quartenylic acid, (172® 
Combines with HBr forming an acid cor,). S.G. ^ 1018. Occurs in crude wood 

C,H 5 Br(C 03 H )2 [141®]. vinegar (Grodzki a. Kramer, B. 11, 1359). 

Salts. — (NHJHA". — KHA''2aq. — K^A'^aq. Preparation. — Aceto-acetio ether is treated 

— PbA". — AgjA". with PCI, and the product poured into water. 

Dimethyl ether I/Loji!'. S.G. 1-14. Sol. The two chloro-crotonio acids formed are dis- 
alcohol and ether. tilled with steam. The chloro-iso-crotonic acid 

Isomerides: Citeaconio, Itaconic, Mesa- alone passes over. It is reduced by sodium 
CONIC, and Ethtlidene-malonic, acius. amalgam, arfd the iso-crotonic acid ir. extracted 

CEOIDHIO ACID C^HjOj i.e. by ether. On evaporation this leaves iao-crotonio 

CH3.CH:CH.C0jH. Mol. w., S9. [72®]. (185® acid as a syrup. 

cor.). S. 8 at 19®. Boo 35*71 in a 412 p.c. Properties. — Liquid, smelly like butyric 

oiiueous solution (Kanonnikoff). acid; miscible with water. AvT.75®it changes 

Occurrence.— in crude wood vinegar (Kramer to the preceding isomeride (Hemilian, A. 174, 
a. Grodzki, B, 11, 1869). Its name is dcrivbd 322). - 

from croton oil, from which it was erroneodsly lieocUons.—l. Bromine acting on a solution 
supposed to be formed by saponification (Pelletier of iso-crotonic acid dissolved in GS, produces the 
a. Caventou, J. Ph. 4, 289 ; 11, 110 ; Schlippe, ^bromide of ordinary solid crotonic acid (v. Dx* 

A. 106, 1 ; Geuther, Z. [2] 6, 270). beomo-bdtybic acid] (Kolbe, J. pr. [2] 26, 397).— 

Preparation.—!. By oxidation of crotonic 2. Potash-fusion gives only acetic acid.— 3, So- 
/from acetic aldehyde) in the air or diwn amalgam has no action. 
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Salts.— CaA'a2aq: very soluble needles.— 
BaA'aSaq: small crystals, v. e. lol. water. — 
PbA>q. [68°].-AgA'. 

Ethyl ether EtA. (136°). S.G. *927 
(Geuther, Z. 1871, 243). 

Isomeride of crotonic acid O^HjOj. [19°]. 
(181°). From vinaconio acid (g.v.) by distillation 
(Roller, A. 227, 24). 

Salt s. — Ca A'j 6aq. — Ba A'^ 2aq.— AgA'. 

Constitution. — From its formation, from 
CH2:CH.CH(C02H)a it should be vinyl-acetic acid, 
CH.iCH.CHa.COaH, a formula, attributed, with- 
out suflicient reaso^, to isocrotonic acid. 

Another isomeride of crotonic acid v. Meth- 

ACRYLIO ACID. • 

Dibromide of crotonic acid v. Di-bbomo-buty- 

BIO ACID. 

Derivatives of crotonic acid v. Bromo-croto- 
Nic ACIDS and Chloro-crotonic acids. 

CROTONIC ALDEHYDE i.e. 

CH,.CH:CH.CHO. Mol. w. 70. (105°). S.G. 
1-033. • 

Formation. — 1. By heating aldehyde vnth 
ZnCl., and a little water to 100°, aldol being first 
formed : 2CH,.CIIO = CH3.CII(OH).C[I>.CHO 

= CHg.CH-.CH.CHO + up. Other dehydrating 
agents may be used (Liebon, A. Suppl. 1, 117; 
Kekul6, Z. [2] 6,672 ; A. 102, 92 ; Bauer, A. 117, 
141 ; Lieben a. Zeisel, M. 1, 820). Hence it 
occurs in crude spirit (Kramer a. Pinner, B. 3, 
75). — 2. By the distillation of aldol (Wurtz, C. 

B. 87, 46).— 3. From vinyl bromide by succes- 

sive treatment with H^SO^ and water (Zeisel, il. 
191, 371).-4. From acetylene by successive 
treatment with and water (Lagermarck a. 

Eltekoff, B. 10, 637). 

Preparation. — Paraldehyde (1 pt.), water 
(1 pt.), and cone. HClAq (2 pts.) are kept at 26° 
for 6 days. The liquid is then neutralised with 
NajCOj, the ppd. dialdane is filtered oS, and the 
filtrate extracted with ether. The ethereal ex- 
tract is distiMed under reduced pressure, and the 
crude aldol (^ pt.) (85° to 120° at 200mm.) is split 
up into water and crotonic aldehyde (^ pt.) by 
distillation under ordinary pressure (Newbury, 

C. B. 92, 196 ; Am. 6, 113). 

Properties. — Pungent liquid; m. sol. water. 
Oxidised in the air or by Ag.^O to crotonic acid. 
It forms a crystalline combination with NallSOj, | 
m. sol. water, whence Na.jCO, does not liberate 
the aldehyde (Lieben a. Zeisel, M. 1, 818). 

Beactwns.—l. PClj gives di-chloro-butylene 
(126°). — 2. By saturation with HCl in the cold 
it is converted into /3-chloro-butyric aldehyde 
[970j._8, Br gives oily a/3-di-bromo- butyric 
aldehyde (L. a. Z.).— 4. Cl forms a/3-di-chloro- 
butyric aldehyde, and finally a/3-di-chloro-butyryl 
chloride (Zeisel, M. 7, 3^). — 6. Iron and acetic 
acid reduce it to butyric aldehyde!? butenyl alco- 
hol, and n-butyl alcohol (L. a. Z.).— 6. 
gives the di-acetyl derivative of ciotonio orthal- 
dehyde CH3.CH:CH.CH(OAc)2 (205°-210°). S.G. 
^ 1-06 (Lagermarck a. Eltekoff, J. 12. 11, 79). — 
7. Dilute HCl at 0° forms, by hydration, a little 
aldol, paraldol, and dialdiyiie (Wurtz, 0. B. 97, 
1169). — 8. Ammonia forms tri-crotonylene- 
amine 0,2B[2^N4. At ~ 20° ammonia passed into 
an ethereal solution of the aldehyde forms 
CgH.gNjO (Combes, O.B. 96,1862).— 9. Crotonic 
aldehyde (1 pt.) treated with aldehyde (2 ptsA 
and ZnCl, at 100° forms an aldehyde 0,H,0 


(172°) Kekui6, A. 162, 106).— 10. By heating 
with HCN and saponifying the product penti- 
noio acid CH^tCH.CH-.CH.COjH is formed 
(Lobry de Bruyn, Bl. [2] 42, 169). 

Derivative CH3.CH:CH.CHCl(OEt). 
(134°). #From di-chloro-butylene and alcoholic 
KOH (Kekul6, A. 162, 99). 

CEOTONITRILE v. Allyl oyanidb. 

CROTON OIL. A fatty oil contained to the 
amount of 60 p.c.in the seeds of Croton TigUtm, 
a euphorbiaceouB plant. It is purgative, and 
inflames the skin (Schlippe, A. 105, 1 ; Mayer^ 
N. Jahr.pr. Pharm. 10, 318; Geuther a. Fr6h- 
lich, Z. [2] 6, 26, 549). It contains glycerides 
of formic, acetic, isobutyric, isovaleric (isobutyl- 
formic) and tiglic acids (E. Schmidt a. J, Beren- 
des, A. 191, 94 ; B. 10, 835 ; Ar. Ph. [3] 13, 
213). The nature of the purgative principle has 
not been satiafactorily made out (Senior, Ph, 
[3] 14, 446 ; Robert, Chern. Zeit. 11, 416). 

CROTONYL ALCOHOL v. Butknyl alcohol, 
vol. i. p. 639. 

CRO fONYLENE v. Butinenk. 

tri-crotonYlene-amine C,2H,,N4. (o. 

190°) at 40 mm. Formed by heating aldol with 
excess of aqueous NH, at 160° ; or from cro- 
tonic aldehyde and NH3 at 100° (Wurtz, C. B. 
88, 1154). Elllorescent prisms (containing 6aq) ; 
si. sol. cold water, v. sol. alcohol. HCl at 150° 


resin ifies it. 

Salts.— Crystallise readily from acid solu- 
tions.— B'3HC1: hexagonal prisms.— B'3ELNO, : 
hexagonal prisms.— B'H,Clj(PtCl4)y— 
B'2H,Cl3(PtCl4)8.-B'H,Cl4AuCl,.— 


B'H3Cl3AuCl,2aq.— B',H,Cl3(AuCl,)j. 
nPnTftWVT.T7.VT5 OLYCftL “ 


....A 


Di-oxy-bdtylene. 

CROTYL ALCOHOL v. Butenyl alcohol. 
CROTYLAMINE C^HjNHj. (75°-80°). Pre- 
pared by the action of alcoholic NH| on iso- 
butylene bromide. Liquid (Hofmann, B. 7, 
614; 12, 992).— (B'HCl)^PtCl4. Yellow scales. 
ISO-CROTYL bromide V . Bromo-bctylene. 
ISO-CROTYL chloride V . Chloro-ibobutyl- 


ENE. 

CROTYL IODIDE v. Iodo -butylene. 

CROTYL THIOCARBIMIDE C4H,N.CS. 
(179°). From crotylamine (Hofmann, B. 7, 
616). Pungent liquid. 

CROTYL - THIO .UREA C4H,NH.CS.NH3. 
[85°]. From the preceding and NH,(H). Crys- 
talline. 

CRYPTIDINE C„H„N. (274°). A homo- 
logue of quinoline occurring in coal tar (Gre- 
ville Williams, Chem. Oaz. 1856, 283). 

Cryptidino C,,H„N. (270°). Prepared by 

the dry distillation of xylidine-acrolein (Leeds, 
A. C. J. 6, 2). Keddish-yellow oil. Disagree- 
able odour. Bitter taste.— B'HCl; fine thin 
tabular crystals. -B'H.PtClg : fine yellow crys- 
tals. Sol. wa4er, insol. alcohol. 

CRYPTOPHANIC ACID CjE^NOj. An acid 
said to occur in normal human urine (Thudi- 
chum, C. J. 23, 116; 34, 81). The urine is 
evaporated to one-fourth of its bulk and Fe,Cl, 
added. The pp. contains the iron salts of 
oryptophanio, paraphanio, hippurio, and benzoic 
acids. It may be decomposed by baryta. Amor- 
phous gum, V. e. sol. water. — PbA". — CaA". 

CRYPTOPINE C«H„NO». [217°]. S. (alco- 
hol) ‘08 (Smith). S.G. 1‘86 (Sohrfider B. 18| 
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1075). A base oooarring in very small quantity 
In opium (T. a. H. Smith, Ph. [2] 8, 696, 716 ; 
Hesse, A. Suppl 8, 299 ; A. 176, 200 ; Kauder, 
Ph. [3] 18, 250). Ppd. by adding NaOH to the 
mother-liquor, from which codeine, narceine, 
thebaine, and papaverine have been separated. 
Six-sidod prisms (from alcohol) ; when Ireshly 
ppd. it is soluble in ether, but it slowly separates 
from the solution. SI. sol. boiling alcohol, v. si. 
sol. benzene and ligroin, m. sol. chloroform. 
Dissolves in excess of KOHAq. Inactive to 
light. Cone, (impure) HjSO^ gives a blue colour 
turned orange by KNO,. FoaCl, gives no colour. 
Not decomposed by HOI. 

Salts. — Separate from aqueous solution as 
jellies, but subsequently become crystalline. — 
B'HCl 6aq : soft mass of crystals (from alcohol). — 
B'HCl 6aq. — B'^H^PtCl, 6aq. — B'^HjCr^O,.— 
B'HjCj 04 . S. -3 at 12°.— B'C.H.Q, 4aq. S. *16 
at 10 °.-B'C 4 H,(N 02 ),OH aq. 

Meoonate B'^O^H^O, lOaq: si. sol. boiling 
water. 

Nitro-cryptopine C2,H2.j(N02)N0j. [185°]. 

From cryptopine and HNO, (S'.G. 1*06) at 65°. 
Dark-yellow crystalline powder. Insol. water 
and KOHAq. Cone. H^SO^ dissolves it with 
blood-red colour.-- -BHCl 3aq.— B'aHjPtCI, lOaq. 
— B'HNOj.— Oxalates B'jHjCjO, 12aq. S.6*8at 
16° and B'H^CjO^ 3aq. 

GSYSTALLIK v. Pboteids. 

GBYSTALUSATION,— The examination of 
a crystal and the determination of its form and 
properties may serve as a means of recognising 
and defining any given body. But besides this j 
practical application, the examination may help | 
to find an answer to the question : What is the ' 
connexion between the chemical constitution 
and the crystalline form of bodies ? 

The complete examination of the form and 
properties of a crystalline substance may de- 
mand a thorough knowledge of crystallography, 
and also skill in the use of complicated and 
costly instruments ; but a general ^owledge of 
the principles of the subject, and of the use of 
a geological microscope, such as ought to be 
found in every laboratory, will very often enable 
the chemist approximately to determine the 
form of a substance, the identity or non-identity 
of two sampleil, or the homogeneous character of 
his preparations. The following account may 
serve as a general view of the subject, or as an 
introduction to a more complete study; it is 
necessarily incomplete, and for further details | 
special books must be consulted, such as Oroth’s 
PhysikaUsche Kry&tallographie ; current litera- 
ture being found in the Zeitschrift filr KrystaU 
lographMt and the different mineralogical 
journals. 

A crystal may be described as a solid homo- 
geneous body bounded by plane ^aces that are 
arranged around the body in a certain regular 
manner, which is constant for each chemical 
compound. Neither the number of faces that 
bound a crystal, nor the shapes of these faces, 
are constant and characteristic, since both 
may vary considerably with very slight altera- 
tions of external conditions at the time of 
crystallisation ; but the regularity, or the sym- 
metry which the faces bear to each other, 
and the manner in which the faces occur in 


groups or sets or ^form' is constant and 
characteristic. 

Single or Simple crystalline form.--T!hQ,i all 
the faces of a crystal do not belong to the same 
form is often strikingly evident by a difference 
in colour, as in many of the platinocyanides, or 
in the condition of the faces, some of which are 
smooth and lustrous, while others are dull or 
streaked with numerous fine lines, or are rough 
with little pittings, or appear to be made up of 
numerous scales, and then show a pearly lustre ; 
such differences are to be noticed on crystals of 
magnesium sulphate, quartzj.salt, alum, potas- 
sium ferrocyanide, potassium chlorate, gypsum, 
copper sulphate, &o. The same fact is often 
also to be noticed in anothfer way, viz. by the 
appearance of splits or cleavage planes that run 
parallel to certain faces but not to others, as in 
calcite and potassium ferrocyanide ; often where 
such are not manifest the crystal may be easily 
split or cleaved parallel to certain faces bu^ not 
to others, as with gypsum, ejme sugar, magne- 
sium sulphate, dko. Differences in the forms of 
the faces of crystals are often shown by the way in 
which the crystal during its growth has inclosed 
foreign substances, as bubbles of liquid or gas, 
or fragments of solid substances that were sus- 
pended in the solution, viz. the inclosures are 
distributed in lines or planes parallel to certain 
edges or planes of the crystal, but not to others. 
In examining a crystal all such observations are 
of the greatest service, as they at once give a 
means of classifying the may-be numerous faces 
into their proper sets or forms. 

A crystal may be completely bounded by 
only one set of faces, e.g. a cube of rock salt ; 
but there are several crystalline forms that are 
not capable of inclosing space, as the various 
prisms and pinacoids, or basal planes, and such 
forms necessarily never occur alone. The mini- 
mum number of crystalline forms that may 
occur on a crystal is limited onljj^ by the con- 
dition that they must completely inclose the 
crystal; the maximum number is unlimited; 
but however many there may be, all are cor- 
related by an empirical law, known as the 
rationality of indices, and the symmetry of 
I faces constituting each individual form is the 
same. 

This last statement, though strictly true, 
is apparently not so in several cases, as certain 
forms show externally a geometrical symmetry 
apparently other than that which belongs to 
their internal structure ; thus both salt and iron 
pyrites crystals often exhibit no other form than 
the cube, and therefore are apparently possessed 
of the same kind and amount of symmetry, yet 
other forms that occua in these two substances 
show that irop pyrites is really possessed of a 
lower degree of symmetry than sodium chloride 
(v. Hemihedral forms, p. 283). 

Symmetry of crystalline forms.— k solid 
figure may be symmetrical aoltat a point, or 
about a plane, or a number of planes. A 
solid figure is symmetrical about a point when 
any number of paiiicles on the surface being 
joined to the central point by straight lines, 
these being produced to equal distances on the 
other side of the centre shall exactly coincide 
with a series of similar particles. This kind of 
symmetry only demands that to every face there 
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be a second and parallel one; it is only met 
with in the asymmetric (i.e. withoi^t symmetry) 
crystals, as, for instance, copper sulphate and 
potassium anhydrochromate. 

A solid figure is symmetrical about a plane 
when from any number of particles on the sur- 
face perpendiculars being drawn to the plane 
and produced equal distances on the other side 
of the plane, the points so found shall exactly 
coincide with a series of similar particles ; in 
other words, the one half is the mirrored image 
of the otlier, the mirror being the plane of 
symmetry. Thus •cube is symmetrical about 
the plane ac g e. A lino perpendicular to the 
plane of symmetry is called an axis of symmetry, 
and about a central point in this axis the figure 
is also symmetrical. Thus (fig. 1), starting with 
a c sr e as a plane of symmetry, and abfe&s any 
given plane, the existence of ad he and dcgh 
necessarily follows, as the former is the image 
mirit^ed in the plane of symmetry, and the 
latter is the plane tymmetrical to the first with 
regard to the central point; the existence of 
begf follows similarly from either or both of 
the last two faces. 



Fig. 1. 


Besides tho above-mentioned plane aege 
there are live otlicis that divide the cube in 
exactly the same fashion, viz. the planes h d hf, 
b a h (j, c f e d, a f g d, and b e h c, and these 
make theicftfi'o a set of six plane’i of symmetry ; 
and the corresponding six axes of symmetry 
are the lines m n, op, q r, s t, u v, and w x, 
joining the centres of tlie opposite edges (fig. 2). 

A plane that is at right angles to two planes 
of symmetry contains two axes of symmetry, and 
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must therefore itself be a plane of symmetry; 
and if, as in tho case now considered, the two 
contained ax^ of symmetry are similar, then 
the symmetr^^f the new plane is of a higher 
order than that of the two others.^ The above 
six planes may be taken two at a time in three 
different ways, and thus* a set of three new 
planes of a higher order are found; they are 
called planes of principal symmetry as dis- 
tinguished from planes of ordinary symmetry ; 
they are q s r t, wuxv, and ompn (fig. 2), 
and tho oorresponditig axes of pt'incipal sym- 


metry are the lines A B, C D, and E F (fig, 3). 
As a plane of principal symmetry contains two, 
and in the hexagonal system three, exactly 
similar axes of symmetry, the appearance and 
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actual position of a crystal is not changed by 
rotating it about the axis of principal symmetry 
such that first one and then another of the 
similar axes pf ordinary symmetry come to 
occupy the same position. In this way a plane 
of principal symmetry may be most readily dis- 
tinguished from a plane of ordinary symmetry. 

Division of crystals into classes. — A crystal can 
only be possessed of a set of three exactly similar 
axes of principal symmetry, or of one such axis, or 
it must be devoid of any such ; and all crystals may 
accordingly be divided into three great classes : 

(1) Crystals possessed of three axes of principal 
symmetry must necessarily contain also a set of 
six axes of ordinary symmetry (as explained 
above in the case of the cube), and all such 
are said to belong to the Regular system. 

(2) Crystals possessing one axis of principal 
symmetry must necessarily contain axes of 
ordinary symmetry at right angles to the first. 
The number of these axes of ordinary symmetry 
may be either (1) a set of three inclined to each 
other at one-third of four right angles, with, as 
a necessary consequence, a second set of three, 
also inclined to each other at one-third of four 
right angles, but removed from the first set by 
one-sixth of four right angles, or (2) a set of two 
at right angles to each other, with, as a neces- 
sary consequence, a second set of two also at 
right angles to each other, but removed from the 
first set by half a right angle. Crystals satisfy- 
ing the first set of conditions are said to belong to 
Vac Hexagonal system, and those satisfying 
the second set to the Quadratic system. (3) 
Crystals destitute cf. any axis of principal sym- 
metry may yet contain axes of ordinary sym- 
metry, and the possible cases are (i) three sets 
of one axis each, ie. three dissimilar axes, 
which must of necessity be at right angles to 
each other, (ii) one single axis, and (iii) no axis 
of symmetry at all. Crystals satisfying these 
three conditions are said to belong to the 
Rhombic system, to the Monosymmetrtc 
(formerly called tho monoclinic) system, and 
to the Asymmetric (formerly called the tri- 

Thus all crystals maybe divided g^metn- 
cally into the above six systems ; and it is a very 
important fact that exactly the same division is 
effected by a consideration of all the physical 
properties, more especially the optical and me- 
chanical ones, viz. tensional strength, the ther- 
mal and electrical properties being difficult of 
’investigation, and also by a mathematical dis- 
cussion of the possible ways of arranging a 
number of points in space. Crystals of tbf 
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regulai system behave optically like amorphous 
bodies, they are singly refractive and are there- 
fore said to be isotropic. All other crystals are 
doubly refractive and are called amsntrojnc; 
they are divided into two classes according as 
they contain one direction or no direction along 
which a beam of light may travel ahd then 
emerge from the crystal without suffering double 
refraction ; those possessed of this axis of single 
refraction are termed optically uniaxial. The 
hexagonal and quadratic crystals are both 
uniaxial, and optically they are undistinguish- 
able; in both cases the tensional strength in 
the plane of principal symmetry varies with the 
direction in which it is determined, but while 
hexagonal crystals show three directions of mini- 
mum and of maximum strength, quadratic crys- 
tals show only two. Anisotropic crystals that 
are not uniaxial have been called ophcally bi- 
axial, though they have not two Hirecfions that 
are truly void of the power of doubly refracting 
light as above defined. When a properly-cut 
section of a biaxial crystal is examined in 
‘ convergent polarised light ’ thf two optical axes 
are seen surrounded by dark and light rings 
gradually shading into each other, and as the 
‘ interference figure ’ is not the same for light 
of any two colours, so the rings, merging moro 
or less completely into each other, are fringed 
with colour, and by a careful examination of 
the coloured fringes it can be dctermi)u'd to 
which of the last three systems the cryb.tal be- 
longs ; viz. if rhombic, the figure is symim t lical 
about both diameters A B and C D, an 1 con- 
sequently also about the central point ; if 
monosymmetric, the figure is symmetrical about 
one or other of the diameters or about the cen- 
tral point, according to circumstances ; if a-^ym- 
metric, the figure is void of symmetry (fig. 4). 



Fio. 4 (diagrammatic). 


In studying the geometrical properties of 
crystals, certain lines must be taken witliiii the 
crystal, to which all the faces m^ be referred ; 
these lines, of which there mustr be three, are 
called the crystallographical axes, and they are 
represented by the letters a, h, c, while the in- 
cU^tions which they make with each other are 
represented where necessary by the letters 0 , 0 , 7 ,' 
viz. a:b» 7 ; a:c»0; and b:c = o. In each sys- 
tem the crystallographic axes are chosen in such 
a way that the different forms may be most 
simply expressed. By this is to be understood 
thzt each of the different faces that together 


make a single crystalline form is to be related 
to the axes in exactly the same numerical way, 
or in other words the geometrical symbol for 
each of the faces of a form is exactly the same 
if the signs be omitted that denote a face to be 
at the top, front, right hand, <feo. In the regular 
system the three axes of principal symmetry are 
chosen, and as these are all exactly similar and 
equal, the expression a, h, c becomes a, a, a, and 
as * a * stands thus alone it may itself be con- 
sidered as unity, and the axial expression thus 
becomes a = a = a«=lora==l; the expression for 
the axial angles is alwayS|^=0 = 7 «= 9 O°. In 
the hexagonal system one set of three axes of 
ordinary symmetry (two of these three axes 
would bo sufficient, but for* the sake of com 
pleteness it is convenient to include the third, 
this is also not without its advantages), and the 
axis of principal symmetry, are chosen; as the 
first three are exactly alike, but are independent 
of the last, the expression for the axes m, b, c 
becomes a,a,a,c\ one of t^ese may bo made 
equal to unity, most conveniently a, and the 
crystallographical axes are expressed arc = l:c. 
The axial angles are in all cases arc = 90° an 
a.a = 120°. Here notice that any and every 
crystal of the regular system has its axes repre- 
sented by a-b~c-l and a = 0 = 7 = 9O°, and 
these facts do not therefore need to be re- 
peatedly stated, for they are comprehended in 
the expression ‘ regular system.’ The same 
holds good with the axial angles of any and 
every hexagonal crystal, viz. ara:a« 120 ° and 
arc = 90°; but with the relative lengths of the 
axes it is otherwise, the ratio of arc is not the 
same for any two substances, and in describing 
a hexagonal crystal the crystaihgraphical con- 
stant, the axial ratio arc, must be accurately 
measured and given ; thus for example in lead 
dithionatc it is as Irl'filfiO, while in strontium 
dithionate, wliich has almost exactly the same 
; form and is therefore said to be isomorphous, 
it is as lrl'5024. 

These crystallographical axes are not to be 
considered as definite lines, having definite 
lengths, but as directions, determined by the 
symmetry of the crystal, and consequently en- 
dowed with certain properties— n.c. like axes 
must be cut by the like 3 iumber of faces at the 
like angles — and upon which the relative lengths 
of the intercepts cut off by the various faces 
may be calculated trigonometrically from the 
measurements of the interfacial angles. These 
angles are always measured by means of a re- 
flecting goniometer, above the centre of whose 
graduated circle the edge, over which the angle 
is to be nffeasured, is exactly placed by means 
of adjusting screws. • About the same centre 
the crystal and a collimator or telescope may be 
made to revolve ; the position of a beam of 
light incident upon the crystal, and the positions 
of the reflected beams from the two lustrous 
crystal faces, are thus measured, %iid the inter- 
facial angle determined. The method of calcu- 
lation may be exemplified by reference to a 
beryl crystal. Here ^ere are four sets of faces, 
each of which, of course, cuts the axes differ- 
ently, and one of these manners of cutting 
must be chosen as the standard (fig. 5). The 
basal faces ( 0001 ) cut only the vertical axis, 
the prismatic faces (lOlO) out only the hori- 
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cental axes, and henco neitlior of these forms 
alone allows a determination of the ratio a:c. 



Fio. 6 . 


But the faces of eaoli of the two pyramids (1011) 
and (2iil) cut both horizontal and vertical axes ; 
for the sake of simplicity the faces (lOil) are 
chosen as those of the primary pyramid, and 
the three horizontal axes are thus fixed as being 
parallel to AA', BB' and CO'. The angle 
10il:0001 having been measured and found 
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160® 8' 20", a:c is easily calculated thus; 

tan (180® -160® 3' 20") = but if oa = unity, 
' oni 

then 

J^^,henceoc = -^^-^an (180® -150® 3' 20") 
2 2 

-0*4989; that is, a:c = 1:0*4989 (see fig. 6). 

If, however, the angle of the j)yramid over 
a terminal edge, i.e. (10il):(01li) had been 
measured and found equal to 161® 6' 40", then 
by describing from the point a a spherical 
triangle cutting the face of the crystal in AB 
(fig. 7), the plane of principal symmetry in AC, 
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and the plane of ordinary symmetry in CB, the 
side a can be found from the known data, 
B « i(161® 6' 40"), b - 60°r and 0 = 90® ; 

thus sin henoe c = 65“ 26' 20". 

Bin B 

xv i 1 X 1/ ,.8ini(B + 0) 
then tan jo = ton 

tan 1® 42' 40" x sin 8 2® 46' 2 5". 

" ^sin 7®' 13' 85" 

hence \a - 13® 16' 26", a»d a - 26® 80' 60"; 

and lastly « tan of 26® 80' 60", from 
axis a 

which the value for the vertical axis c - 0*4989 

is jigaiii ti'U.iil. 

Fur any given cry?jtiil the axial ratios are 


thus exactly determinable, 1)ut where any 
wbitrary choice has been made, as in this 
instance, then the same is adopted by all sub* 
sequent observers unless good reasons are found 
for making an alteration. 

In tj^e quadratic system one of the two sets of 
two axes of ordinary symmetry, and the axis of 
principal symmetry, are chosen ; the axial 
angles are in all cases 90° ; the expression a, 6, 
c, thus becomes a, a, c, and, as in the hexagonal 
system, the axial ratio ax has to be actually 
determined in every individual case. In the 
rhombic system the three axes of ordinary sym- 
metry are chosen ; the axial angles are in all 
cases 90® ; as these three axes are not similar, the 
expression a, b, c, remains as such; making 
one equal to unity, the other two constants have 
to be determined in every individual case. In 
themonosymrrietric system the axis of symmetry 
is chosen as one crystallographical axis ; the 
other two axes must lie in the plane of symmetry, 
but otherwise their positions are perfectly arbi- 
trary ; for simplicity’s sake, they are chosen 
parallel to two ^ell-defined edges or faces on 
the crystal; in this system a, b, c, are quite 
independent and have to be determined, b is 
generally the axis of symmetry and is made 
equal to unity ; the inclinations of b:a and bx 
are in all cases 90^, but the inclination of ax 
(axial angle 0) is variable and must be deter- 
mined. In the asymmetric system the crystallo- 
graphic axes are chosen quite arbitrarily ; gene- 
rally however they are chosen parallel to three 
prominent edges of the crystal ; they are quite 
independent of each other, therefore of unequal 
lengths, and moreover no two of them are in- 
clined at right angles to each other ; for asym- 
metric crystals there are thus five constants to 
be determined. 

Relation of faces to axes. Rationality of 
indices.— When a number of sets of faces on a 
crystal are referred to the axes whose relative 
lengths have been found as just explained, it is 
noticed that the intercepts cut off can in all 
cases be expressed as some simple multiple or 
sub-multiple of the fundamental axial lengths. 
This is known as the rationality of the indices. 
Thus in the case of the beryl crystal (fig. 6), 
while the faces of the primary pyramid cut the 
axes aiaiax at the (Jistances l:co *.1:0*4989, those 
of the faces (2ill) cut at 1:2:2:0*9978; here 
1 is 1 X 1, 2 is 2 X 1, and 0*9978 is 2 x 0*4989, 
and the numbers 1, 2, 2, 2 are here indices. The 
indices are generally expressed by very simple 
numbers, as 1, 2, 3, 4, 5, 6, ^ f, &o., but in 

some cases the ratios are not so simple. ^ 

' The indices of a face may be measured in 
two ways— the one known as Neumann’s system, 
and the other as Miller’s. Let the relaUve 
lengths of any set of primary axes be expressed 
by the letters.:!, b, c, and let there be another 
face on the crystal which cuts the axes at some 
other distances, say 2a, 36, 4c, from their centre. 
According to Neumann the indices of this face 

are — — “i-c* 2, 3, 4 ; following Miller, 

a ’ 6 ’ c 

however, the indices are the reciprocals of 
those of Neumann, viz. 

or, simplifying, the expression becomes 0, 4, 
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Of conree there will be more than one face hav- 
ing this symbol, the number depending on the 
symmetry of the crystal, but the relative posi- 
tions of any of these may be exactly denoted by 
the following device. Li all the systems the 
extremities of the axes forming the front upper 
right comer are called positive, and a^ simply 
written a, b, e, (fee., while the opposite extremities 
are called negative, and are written J, c, Ac. 
Thus ticking the pyramid of the beryl crystal, 
and using MUler’s symbols, we have the axes 
and faces numbered as in figs. 8 and 9. 
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The axial ratios once determined, it is pos- 
sible from them and the symmetry to say at 
once what forms are possible,, and to calculate 
their interfacial angles, Ac. ; but what forms 
will actually occur, under any conditions, can- 
not be pre^cted; their existence depends on 
external conditions, as presence of impurities in 
the solution, nature of the solvent, temperature, 
and speed of growth. Mineralogists and crystal- 
lographera often pay too much attention to the 
finding of new or numerous forms upon speci- 
mens without attempting to determine what 
were the conditions necessary for the production 
of these forms, which is the only point of real 
interest. 

The following may serve as an example of 
the way in which the symmetry of a crystal 
determines the number and position of the faces 
of a form. In fig. 10 the three similar crystal* 
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lographio axes of the beryl crystal (fig. 5) are 
represented by the lines a„ a,, and a„ while the 
principal axis c is perpendiedar to the plane of 
the paper. Suppose a face of the hexagonal 
pyramid to be present in the front, upper, middle 
segment, i.e. lOll, then this demands the exist- 
ence of a face llOl, because the plane passing 
through axis A) and the vertical axis c is a plane 
of symmetry ; the^ presence of llOl demands 
the existence of Olll, because tfie plane con- 
taining a, and c is a plane of symmetry ; further, 
these three faces demand the existence of other 
three, viz. 0111, 1 101, lOll, because the plane a,c 
is a plane of symmetry ; and lastly, these six 
planes demand the presence of other six op the 
under part of the crystal, viz. lOli, 0111, 1101, 
iOli, oill, liol, because tne plane containing 
axes a„ a,, a, is a plane of symmetry. And with 
these twelve faoes the form if complete, for the 


other three planes of symmetry belonging to this 
system are ready satisfied. 

It would be very tedious and redundant to 
denote this or any other form by writing the 
symbols of all its faces, and it is therefore 
customary to write the symbols of only one, 
generahy one in the front, upper, right corner, 
and to inclose it in brackets thus (lOll) for the 
pyramid in question. The general shape of a 
form is not essentially altered by varying the 
indices within certain limits ; thus ^3031) and 
(10i3) (figs. 11 and 12) as weU arf (1011) (fig. 9), 



represent hexagonal pyramids, though the form 
(3031) is very high and pointed, whUe the form 
(10i3) 13 proportionally low and flat-looking^ 
These may all be expressed by one general 



Fm. 12. 


symbol (mOwl) (where m has any value between 
0 and 00 ), and are said to be particular forms 
of one general form (wOwl) ; thus fig. 12 repre- 
sents the particular form for a crystal of beryl 
when for 10l3 is the same as |0|, i.e. 

mOihl. 

But if the index m has the value of 0, then 
the six upper faces of the pyramid fall together 
into one plane, and so also do the six lower 
faces, so that the form (0001) consists only of 
two faces parallel to each other and also to the 
plane of principal symmetry ; if m has the 
value of 00 , then each of the upper six faces 
becomes coincident with the subjacent bottom 
face, and the form (co0®l), or, as it is more 
usually written, (1010), consists of six faces, all 
parallel to the axis of principal symmetry, and 
consequently not limited towards either end ; 
these two forms (0001) J^he basal plane, and (1010) 
the prism, may be called open forms, and can 
never occur mone on a crystal. They contain 
no variable quantity, and may therefore be 
called fixed forms ^ while the pyramid is a vari- 
able form. % 

These two forms, the basal plane and the 
prism, though derivable from the pyramid and 
related to it in position, are obviously quite dis- 
tinct forms, and all are so far independent of each 
other that any one may or may not occur on a 
crystal in conjunction with the others. By 
varying the indices in every possible manner, as 
just inmeated, it if easy to determine the shapef 
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,nd number of all suoh fundamental or general 
orms for every syetom ; and indee<| it is only 
lossiblo to grasp the relationships existing be- 
ween them by regarding them as being derived 
rom one perfectly general form (wnl). The 
lumber of individual forms is very limited; the 
ollowing is a complete list of their symbols and 
lames. 

Regular system. — (w?il), (m»il), (winO), 
m?nO), (lll)i (001), (110), called respectively 
leorakis octahedron, triakis octahedron, tetralcis 
lexahedron, trapezohedro7i, octahedron, cube or 
lexahedron, and dodidcahedion-, the last three 
ire fixed forms. 

Hexagonal sysiem.— {mphl) , {Note: in the 
lymbols for all hexagonal forms m + n 

mphO), in both these cases the ratio ^ varies 

mly between 1 and 2; (mOml), (1010), (2>?u7w7tl), 
[2il0),^nd (0001), called respectively the di- 
iexagonal pyramid and prism, the hexagonal 
pyramids md prising of the first order, and of 
\he seccmd order, and the basal plane. 

Quadratic system.— {rnnl) and (wnO), 
m 

where the ratio — varies between 1 and oo; 

)?wnl), (mmO), (niOl), (wiOO), and 001 ; the 
[orms are called the dujiuidratic pyramid 
ind prism, the quadratic pyramid and prisms 
■)f the first order, and of the second order, and the 
basal plane. 

Rhombic system. — (wnl), (wnO), (001), 
Balled respectively pyramids prisms or domes, 
and basal plane or pinacoids. 

Mo7toclinicsys to in. — The same forms exist 
as in the rhombic system, but here, owing to low 
order of symmetry, all tlio pyramids and some 
of the domes are composed of independent halves, 
which are distinguished as + or — , or by more 
fully denoting the position of the face ; thus 
{mnl) and (wni). 

Asymmetric system. — The same forms 
exist as in the rhombic system, but here, owing to 
the lack of symmetry, all the pyramids are com- 
posed of independent quarters, thus (wnl), 
(wnl), (wnl), and (nihl), and all the prisms 
and domes are composed of independent halves, 
thus (wnO) and (wnO). 

The forms just described are collectively 
called holohedral or whole or complete-faced 
forms, to distinguish them from other forms 
known as hemihedral or half-faced, and tetarto- 
hedral or quarter-faced. 

Hemihedral forms may be considered as 
derived from the holohedral forms by re- 
solving these by a set or sets of planes of sym- 
metry into a number of equal segments, when 
the faces contained in any one se^ent belong 
to the one hemihedral form, while those con- 
tained in the adjacent segment or segments 
belong to the other hemihedral form, and so on 
all round the crntal. 

The hemihedral forms of the hexagonal sys- 
tem being very important will be taken by way 
of example. Any holohedr»l hexagonal form 
may be divided into segments in three different 
ways:— 

Firstly, by the plane of principal symmetry 
and one of the two sets of three planes of 
ordinary symmetry ; making then the adjacent 


faces independent, the rhomhohedral hemihedral 
forms are produoed. Numbering the faces of 
the most general form, the dihoxagonal prism, as 
in fig. 18 it is seen that the faces are divided 
thus : 

1 2 4 5 6 e 0 1(T li 19 

12346 ( 1781)10 11 12 
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The two forms 

12 . . 50 . . 010. . 

.. 3 4.. 7 8. .11 12 
and 

. . 3 4 . . 7 8 . . 11 12 
1 2 . . 6 G . . 9 10 . . 

are known as the + and - scalenohedrons (figs. 
14 and 15), which differ from each other in posi- 



tion and in physical properties. Just as in the 
holohedral division, so here, the indices of only 
one face is written within brackets to denote 
the whole form, but to distinguish it from the 
symbol of tbo original pyramid the prefix k is 
added ; thus the symbols for the two scaleno- 
hedrons are K{mphl) and K{pnffil). By 
varying the values of these indices in,n,p in 
every possible way, or by dividing all the other 
holohedral forms into segments in the same 
fashion, it is found that there are produced two 
other new forms, the + and - rhombohedrons 
K{m0ml) and k(0ww1), figs. 16 and 17 ; 
while the following forms already mentioned in 
the holohedral division appear again without 
apparent alteration, viz. (w^O), (lOiO), 
(2wj»ml), (2ii0), and (0001). But (he ooa* 
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Btancy of these latter forms in both divisions is 
not real, as the physical properties are different ; 
this is especially to bo seen in the manner 
in which they yield to the action of solvents, 
whereby little pittinga or etch-figures are pro- 
duced which vary in their symmetry Recording 
as the forms are holohedral or htmihedral. It 



Fig. 16. 

IS to be understood that practically the holo- 
hedral and hemihedral forms a-e perfectly dis- 
tinct, that is, a given substance shows the forms 
of only one of the two classes, never those of the 
other For example, calcite frequently occurs 
in the form of the scalenohedjron (3121), fig. 14, 
and is therefore obviously hemimorphoiis, but it 
also frequently occurs in the form of fig. 18, and 



principal symmetry, whereby the trajpezohcdral 
hemihedraUiorma are produced ; for example : — 
i294&G'f8 8 10H12 

12346678910 11 12. 

These forms are distinguished by the prefix 
T, the crossed faces being r{mph\) ; such forma 
have not been actually observed. 

The tctartofLcdral forms before referred to 
may be considered as being produced by the 
superposition of two different hemihedriB upon 
the same crystal. As there are in the hexagonal 
system three classes of hei^ihedrie, there can bo 
obtained two or perhaps tnree different classes 
of tetartohedrie. In the following schemes the 
faces suppressed by the thombohedral, pyra- 
midal, and trapezohedral, hemihedrte are re- 
spectively crossed /, — , or \. 

First, the rhomhohcdral tetartohediie is pro- 
duced thus - 

a 4 ^ 1 8 ^ Iff li 1‘2 

1 2 M ^ 6 ? ^'9 10 H 12. 

The faces of a dihexagonal pyramid remaining 
uncrossed, viz. form a ihombohedron of 

the third order, written /C7r(mftf>l), which is ex- 
hibited in fig. 20 of a copper silicate (dia- 
sporo) crystal, where the indices are »cjr(14. 13.1.6). 


Fig. 17. 


Fig. 18. 


this may be either a holohedral or a hemihedral 
crystal, but the fact that such crystals cleave 
with the utmost readiness parallel to the faces 
of the positive rhombohedron k (mOml) at , 
once removes it from the class of holohedral i 
crystals ; its hemimorphous nature is also proved 
by otlier physical properties. , 

A holohedral hexagonal foim may be divided 
into segments, secondly, by means of the two 
sets of three planes of ordinary symmetry, 
whereby the pyramidal hemihedral forms are 
produced ; for example : — 

129466788 10 H 12 

1204667 8 8 10 Hr 12 

The uncrossed faces Tr(p?i7«l) are represented 
on a cryslal of apatite by figure 19 where 
r( 2 wwl) -ir(2l9l). All other forms are exter- 
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Fig. 21. 


la 




iOlQ 




Fig. 19. 

nally the same as in the holohedral division, 

with t£e exception of Thes® two 

forms are caUed the pyramid and pnsm of the 

^Thi^ly, by means of the two sets of three 
planes of ordinary symmetry and the plane of 


Secondly, the trapezohedral tetartoliedrie is 
produced thus : — 

J 3 ^ ^ M H 

the form KT{npml) consisting of the six un- 
crossed faces being known as the trigonal 

trape/.ohedron. and in the figure representing a 
quartz crystal the faces of such a form, viz, 
ict ( 5161 ) are shown (fig. 21 ). 

Thirdly, the scheme 

42&4^6X8^1ffH12 
1S^3^6\7H0 1QH1« 

shows a form bounded by six faces meeting thi 
vertical axis above, but no face meeting it below 
It is doubtful whether this tetartohedrie hai 
been observed ; for exactly the same form woul( 
be produced by making eithef of the form 
ir(miwl) or r{mphl) hemimorphous or half 

^^^^liemimorphism Tnay be described as the di 
viding of the faces of a crystalline form into tw 
independent halves, the one half cutting the on 
extremity of an axis of symmetry, and the othe 
half the other extremity of the same axis. Hem] 
morphism is to be found in the first fivesystemsi 
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bolohedral, hemihedral, and tetartohedral, divi* 
dons alike; it is supposed to be due t^ asymmetry 
of the atoms in the molecule, and the solutions of 
the substances showing this phenomenon, as tar- 
taric acid, nulk, sugar, * 0 ., are generally optically 
active. It is to be noticed that some divisions 
of crystals are necessarily hemimorphous. Thus 
the hexagonal trapezohedral tetartohedral forms 
are hemimorphous to the axes of ordinary sym- 
metry. 

The hexagonal crystals are thus divided into 
the following six or seven distinct classes: 

{a) holohedral ; (6) hemihedral, and that of three 
kinds, rhombohedrai, pyramidal, and trapezo- 
hedral ; and (c) tetartohedral, and that of at least I 
two kinds, rhombohddral and trapezohedral, arid 
possibly another ; and lastly to each of these six 
classes there may or may not be assimilated also 
hemimorphism, making in all twelve or possibly 
thirteen divisions of hexagonal crystals, in only 
one ofevhich can any substance over crystallise. 

These six or seve|^ classes are to be considered 
as being due to the diflferent arrangements of the 
molecules in the crystal, but among these dif- 
ferent molecular arrangements there are certain 
regularities common which group them all to- 
gether into one general system. It is to be noted 
that all hemihedral and tetartohedral divisions 
are invariably possessed of fewer planes of sym- 
metry or of planes of a lower degree of symmetry 
than are the holohedral forms ; thus the trape- 
zohedral hemihedral forms and all tetartohedral 
forms of the hexagonal system are possessed of 
no plane of symmetry whatever, i.c. as defined 
at the commencement of this article ; but such 
forms do not, therefore, belong to the asymmetric 
system, for in the first place they show a perfect 
regularity in the recurrence of equal faces and 
angles in sets of three or of six, which an asym- 
metric crystal can never do, and secondly they 
show none of the physical properties of these 
crystals, but nroperlies that are either identical 
with those oAhe hexagonal holohedral crystals, 
or are in the main of the same kind, differing 
only just so much as might be expected from 
the lower degree of symmetry they possess. 

Just as hexagonal crystals are divided into a 
number of distinct classes, so also are the crys- 
tals of the other systems as far as their varying 
symmetry allows. Thus regular crystals are 
either (a) holohedral, (6) heminedral, and that of 
three kinds, viz. tetrahedral, pentagonal, or pla- 
gihedral, or (c) tetartohedral of one kind only; 
the quadratic crystals are subdivided exactly like 
the hexagonal ones; the rhombic crystals are 
either {a) holohedral or (b) hemihedral ; and the 
monosymmetric and asymmetric crystals can 
show neither hemihedrie »or tetartohedrie. 

There still remains another regularity met | 
with in the forms of crystals, viz. the symmetri- 
cal growth of two or more crystals as one indi- 
vidual, Such a complex is called a twin or tril- 
Ung, and in sueh the component individuals are 
definitely related as regards position, viz. the one 
crystal generally occupies such a position that 
were it rotated through 18®° about a particular 
line, called the twin axis, all its faces Ac. would 
then be exactly parallel to those of other crys- 
tals. The plane at right angles to the twin axis 
is called the twin plane, and in many instances 
the two individuals meet in this plane, and it is 


then also termed the emtact plane; but in other' 
instances the two individuals penetrate each 
other in a perfectly irregular manner, and there 
is then no definite contact-plane. The formation 
of a twin crystal is probably explained by ex- 
treme viscosity of the solvent, or of an insufficient 
lapse of •time between the separation of two 
molecules from a solution and their approximation 
to form a single solid particle, and for either of 
which reasons the molecules would not be able 
to become exactly parallel, which must be the 
most stable position, but would take up the next 
most stable position by reason of the molecule 
being originally more nearly in that position. As 
a plane of symmetry for the external form is also 
a plane of symmetry of the intermolecular force, 
which varies with the direction in which it is 
exercised, so a plane of symmetry can never be 
a twin plane, else the two individuals would be 
exactly parallel*, that is, they would be identi- 
cal: further, as the arrangement of the mole- 
cules, and consequently the external form, de- 
pends on this same intermolecular force, so the 
twin plane and axif are invariably connected with 
the external form; generally the twin plane is a 
possible crystalline face, and often one that is 
expressed by a very simple symbol. Twin or 
complex crystals are often characterised by re- 
entering angles, but these are frequently either 
BO small as to be unnoticeable or are not present, 
and the crystal then affects a symmetry that it 
does not really possess. 

The following figs, represent rhombic arago- 
nite crystals ; fig. 22, a simple crystal, and fig. 23, 
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a twin, showing re-entering angles, the twin plane 
being the prism face ; and lastly, fig. 24 represents 
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a trilling, showing only the forms (110) and (001), 
which externally appears very like a hexagonal 
crystal, except that two of the vertical faces are 
a little nicked* because the angle of the prism 
(110) is not exactly 120°. The real nature of 
such compound crystals is most easily detected 
by their optical properties, a section cut parallel 
t*o the base at once resolving itself in a parallel 
beam of polarised light into a number of seg- 
ments distinguished from each other by differ- 
ence of colour or luminosity, and whose relative 
positions can readily be determined by optical 
examination. 
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Besides representing the form of crystals by 
parallel projections, as in the various figures, 
these forms are often also represented in a totally 
different manner, viz. by spherical projection. 
From a central point within a crystal, imagine 
a sphere of any radius described, an^ from its 
centre a line let fall perpendicularly on to every 
crystalline face and produced until it cuts the 
surface of the sphere. The positions of the 
faces are thus recorded by as many points upon 
the surface of the sphere, and their positions 
may very conveniently be represented upon a flat 
surface by making a diametral section of the 
sphere bringing the recording plane and one ex- 
tremity of the diameter at right angles to that 
plane into the point of view, whereby great labour 
in drawing and calculating is saved, as all great 
circles on the sphere appear in the projection as 
straight lines or as arcs of circlfs. In the regu- 
lar, hexagonal, and quadratic, systems the dia- 
metral section is always drawn parallel to the 
plane of principal symmetry, in the rhombic 
system to the basal plane, in the monosymmetrio 
and asymmetric systems itris drawn perpen- 
dicular to the faces of the prisms. Thus the 
beryl crystal, fig. 6, as far as the sphere lies in 
the plane of this paper, appears as in fig. 25, 
and the position of the three faces, when drawn 
upon the plane of principal symmetry, as in 
fig. 26 ; the one straight line joining tho three 



points shows that they are in the same zone, 
that is, are all parallel to one common direction, 
, ' itxd therefore their intersecting edges are paral- 
lel, and this fact is very easily noticed or tested 
when the crystal is mounted on the goniometer 
for measuring. The completed projection ap- 
pears as in 27, where zones are ail indi- 
cated by the various lines circular or straight. 

^This method of projection also allows of the 
positions of optical axes, cleavage planes, <&;o., 
being shown. 

It now only remains to mention a few points 
concerning the growth and actual appearance of 


the faces of a crystal, beyond those mentioned 
on p. 278. sA crystal once formed in a solution 
and continuing to increase in size, every face, or 
at least every face of any set of faces, would re- „ 
ceive a deposit of the same thickness, and an 
ideally perfect crystal as represented in the 
figures would result, were it not that the liquid 


Toio 



in depositing tho solid substance altered its 
specific gravity, and currents being thus gene- 
rated different parts of tho crystal are thus sub- 
jected to different conditions, and the several 
faces receive unequal deposits of new material. 
In consequence, the intersections of the similar 
faces and their superficial extent are often very 
dissimilar, though every face always remains 
exactly parallel to its original position, and 
the interfacial angles are constant. This so- 
called distortion is often brought about or in- 
creased by the crystal becoming attached by an 
end or side to other crystals, or to the contain- 
ing vessel. Thus fig. 28 represents an alum 
crystal that has lain on the flat bottom of the 
containing vessel, and fig. 29 represents the ideal 
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form such as may be obtained by constantly 
changing the position of the growing crystal. 

When new material is very quicklypresented 
to a growing crystal, it is often noticed that the 
acuter solid angles grow extremely rapidly, shoot- 
ing out into long needle-like points, and often 
other acioular pointe will start from along the 
first, and thus fem-like forms are produced; all 
such growths are termed crystalline skeletons ; 
when the rate of deposit becomes less the needles 
almost cease to grow in the direction of their 
length, but increase continually in breadth and 
thickness until they touch each other, and the 
crystal returns to its original appearance, though 
almost invariably itKwill contain a great number 
of larger or smaller cavities, filled with the 
mother-liquor, and, as already mentioned, these 
cavities exhibit an arrangement or a form that 
corresponds with the general symmetry of the 
crystal Some sabstanoes, as ammonium chloride* 
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iDotftIlio silveFi (feo., aro very prone to form such 
dendritic forms, while with other ^bstanoes, as 
platinum-potassium chloride, if existing crystals 
were not able to take up the new material, a 
multitude of minute crystals would at once 
form. The direction of these skeleton arms is 
always coincident with some crystallographic 
direction, and they are in reality made up of 
numerous crystals, in exactly parallel position. 
It has been mentioned that the faces of crystals 
are often striated ; the strite consist of numerous 
alternating faces of one or more forms ; thus 
nitre crystals are vertically striated on the prism 
and pinacoid faces by reason of these faces being 
repeated alternately very many times. 

Finally it may be useful briefly to describe 
such a microscope as is used for the examination 
of minute or growing crystals, or for the exami- 
nation of rook sections. In this connexion 
reference should be made to the papers of 
Behrens (Royal Micros. Soc. Jmim., 1882) and 
others, on the micrMhomical reactions by which 
minute fragments of minerals &c. may ^ ana- 
lysed qualitatively by converting their consti- 
tuents into crystalline precipitates that may be 
recognised under the microscope. The essential 
parts of the microscope are the same as in every 
other instrument, the parts specially concerned 
in crystallographic work being the following. 
The stage can be rotated freely about the optical 
centre of the instrument, and is brought exactly 
into that position by a couple of adjusting 
screws; the circumference is graduated into 
degrees, and fractions can be read by a vernier. 
The eye-pieces contain crossed (rectangular) 
threads, and these always occupy a fixed position 
by reason of a pin in the eye-piece and a notch 
in the outer tube. Plane angles of crystals that 
lie suitably, the angles between the lines of inclo- 
sures (fee., are easily measured by the rotating 
stage and the cross of the eye-piece. The fine 
adjustment-screw for focussing is of known pitch, 
and is providdfi with a head divided on its circum- 
ference. By using a high power and a rather thick 
specimen it is easy to determine the refractive 
index not only of solids but of liquids (Sorby). 
In the eye-piece can be fitted a micrometer scale, 
and by using this and the micrometer screw the 
interfacial angles of minute crystals can be 
measured, though the method is one that would 
only be used if the goniometric measurement 
were not possible. During the cutting or grind- 
ing of sections, especially rock sections, the 
crystals often cleave, and the positions of the 
planes of cleavage are at once determined from 
the fine parallel hair-like cracks in the specimen. 
Underneath the stage a polarising prism is 
quickly put into position #o that its polarising 
plane is parallel to one of the cross threads in 
the eye-piece ; crystals may then *be examined 
for diohroism. Above the stage, and most con- 
veniently over the eye-piece, a second polarising 
rism may be placed or rapidly removed; it may 
e rotated about the central axis, and the amount 
of rotation is approximately shown on a small 
^vidod circle. When the tw#) prisms are crossed, 
isotropic and anisotropic crystals are at once dis- 
tinguished, unless the crystalline plate is at right 
ingles to the optical axis, but in this case the 
interference figure can be obtained as described 
below; farther, if the crystal be anisotropic. 


twinning is generally at once recognised, and, wi th 
the help of the rotating stage, the relationships 
of the different parts are determined, by com- 
paring the depolarising directions among them- 
selves and with the edges of the crystal ; simi- 
larly in a simple anisotropic crystal the angles 
betweeif the depolarising directions and the edges 
inay be measured, and the system of crystallisa- 
tion thus determined when the examination of 
the external form alone would not have been 
conclusive ; and even when the external form has 
been destroyed, or when it has been lost by 
reason of the crystal growing until it filled the 
whole space that happened to be at its disposal, 
the examination of the cleavage cracks, lines of 
inclosures, and depolarising directions, is often 
sufficient to determine the crystalline system. 
The relationship between depolarising directions 
and edges may be used for discriminating between 
different substUnces crystallising in the mono- 
symmetric or asymmetric systems, as the various 
felspars. Finally anisotropic crystals lying in 
suitable positions can be examined for their 
interference figuys by removing the eye-piece, 
but retaining both polarising prisms, placing a 
small, very short, focus-lens above the lower 
prism and directly below, but quite close to, tlie 
crystal, and lastly using a short focus objective 
and bringing it down rather close to the speci- 
men. The interference figures thus observed are 
certainly very small, and an extra lens is some- 
times inserted above the objective to magnify 
them, but the angle of view is thereby diminished. 
Uniaxial and biaxial crystals are thus at once 
distinguished, and if the former show any marked 
amount of circular polarisation, or the latter any 
marked amount of dispersion for the various 
colours, these phenomena can also be noticed, 
especially if use is made of red and blue glasses 
to simplify the phenomena; such glasses are 
also used in the measurement of the angles be- 
tween depolarising directions and crystalline 
edges. H. B. 

CUBEBS. — The fruit of Piper Cubeba, a na- 
tive of Java. It contains a volatile oil (from 
which ‘ camphor of cubebs ’ may be separated), 
a crystalline substance cubebin, an acid resin 
cubebic acid, and an indifferent resin (Monheim, 
J. chim. Mid. 11, 352; Blanchet a. Sell, A. 6, 
21)4; Muller, A. 2, 90; Winckler, A. 8, 203; 
Soubeiran a. Capitalne, A. 31, 190; 34, 311; 
J.Ph. 26,76; Aubergier, Rev. Scient. 4, 220; 
Schmidt, Ar. Ph. [2] 191, 1 ; Schaer a. Wyss, 
Ar, Ph. [3] 6, 316 ; Oglialoro, 0. 5, 467). 

Oil of Cubebs, Contains dipentinene, the 
hydrochloride of which C,oH,g2HCl melts at 
49°, but consists chiefly of hydrocarbons boiling 
between 250° and 270°, amongst which is a 
sesquiterpene (276°). V.D. 6-73 (calc. 

7-06), whose hydrochloride C,jH 242 HCl melts at 
[118°3 (Wallach, A. 238, 80) or [131°] (S. a. G.f. 

Camphor off Cubebs 0,*H„0. [67°]. (148°). 
Occurs only in old cubebs. Trimetrio crystals 
(from alcohol-ether). Laivorotatory. At 230° 
it is split up into water and cubebene CjjHjg 
(Schmidt, B. 10, 189 ; tf. Berthelot, Bl. [2] 11, 3). 

Cubebin 0,oH,oO, 

i.e. [>l]OH,<g>O.H.(C.H.O)? [125“]. S. 

(alcohol) 1*31 at 12°. S. (ether) 3-76. Extracted 
by alcohol from oubebs after removal of the 
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essential oil by steam distillation (Sohuck, N. 
ReperL Phann. 1, 213 ; Steer, A, 36, 331 ; 
Weidel, Site. W. 74 [2] 377 ; Sohar, Ar. Ph, [3] 
26, 631). 

PropertiM.— Small needles (from alcohol); 
V. b1. sol. water. Cone. R^SO^ colours it crimson. 
HCl and HI have no action on it. » 

Beaciions.—l. KMnO^ on warming oxidises it 
to oxalic acid and a resin, from which, after ex- 
tracting with OHCI,, a crystalline residue of 
piperonylio acid CgHaO^ [228°] is obtained. — 

2. \^en heated with acetic anhydride and sodium 
acetate to 140° C. it yields O.^oHisOs [78°], which 
can be obtained pure by crystallisation from 
alcohol (Pomeranz, M. 8, 466). — 3. Potash-fusion 
gives COj, HOAc, and protocatechuio acid. — 

4. HNOj gives oxalic and picric acids. — 
6. Nitrous acid gives yellow crystals of nitro- 
cubebin OjoHjiNOJOa, which dissolves in 
aqueous KOH, forming a violet solution. — 6. Br, 
added to a solution of cubebin in chloroform, 
gives CioHyBrjOj, which separates from boiling 
xylene in white crystals. 

Benzoyl derivative CjqH^zOj. [147°] 
(Pomeranz, M. 9, 323). 

Cubebic acid CnHiuO, (Schulze, Ar. Ph. [3] 
2, 388); (Schmidt, Ar. Ph. [2] 191, 1). 

A resinous acid extracted from cubebs by ether, 
freed from volatile oil by steam-distillation, and 
purified by re-crystallisation of its Ba salt (Ber- 
nazik, C. C. 1864, 191). Amorphous, insol. 
water and acids, v. sol. alcohol, ether, and al- 
kalis. 

CUDBEAB. A name given to a variety of 
archil, being also prepared from lichens, chiefly 
of the genus Lecanoi-a. 

Ctr MALIC ACID V . Gotjmalio acid. 

CBMABHYDBIN v. Goto bark. 

tf».CXr]!IENEG,H3(GH,), [1:3:4]. i-Tri-methyU 
benzene. Mol. w. 120. (169^° i.V.) (Jacobsen, 
B. 19, 2613). B.G. 2 *8043 ; ^ ‘8530. H JF.p. 
1310. H.F.V. -1590 ((TA.). Dielectric cemsiant 
2-431 at 14° (Negreano, C. R. 104, 423). fip 
1-484. Occurs in all kinds of petroleum (Ameri- 
can, Russian, <&c.) (Engler, B. 18, 2234 ; cf. 
Mansfield, C. J.l, 244; A. 69, 179 ; Ritthausen, 
J.pr. 61, 79 ; Beilstein a. Kogler, A. 137, 317). 

Formation. — 1. From bromo-m-xylene and 
bromo-p-xylene by treatment with Mel and 
sodium (Fittig, A. 139, 187; 161, 267, 286).~ 
2. From di-bromo-toluene/^ Mel, and sodium 
(Jannasch, A. 176, 286).— 3. From phorone 
(derived from acetone) by treatment with P.p^ 
(Jacobsen, B. 10, 855).— A. From toluene, MeCl, 
and Al^Gl, (Friedel a. Crafts, A. Ch. [6] 1, 461). 

5. By boiling pseudo -cumyl- hydrazine with 
aqueous CuSO^ (Haller, B. 18, 92). 

PrqximttcMt.— The mixture of ^/-cumene and 
mesitylene obtained by the distillation of coal tar 
is sulphonated by agitation with cold cone. H^SO.; 
on adding water a portion of the »)/-cumene sul- 
phonic acid is ppd., the remaining acids are con- 
verted successively into their Ba salts, chlorides, 
and amides, and the latter are separated by crys- 
tallisation from alcohol, in which the amide of 
i{/-cumene sulphonic acid is sparingly soluble. 
The Bulpbamide is then converted into <|»-cumene 
by heating with fuming aqueous HCl at 175° 
(Jacobsen, B. 9, 266). The sulphonic acids of 
i^-cumene and mesitylene may also be sepa- 
rate kj heating with HClAg at 100° for ooe 


hour, when the latter only undergoes hydrolysis 
(Armstrong, B. 11, 1697). \||.Cumene sulphonio 
acid is decomposed by distillation with dilute 
H2SO4 in a current of steam, hydrolysis begin- 
ning at 116° (Armstrong a. Miller, 0. J. 46, 148). 

EecKtions.—X. Readily attacked by halogens. 
In the dark 1 mol. of bromine produces mono- 
(esol-bromo-pseudo-oumene C^H^MesBr [73°] ; 
furtner bromination yields di- and tri-(eso)- 
bromo-pseudo-cumene (CgHMegBr and CjMCsBr,) 
of melting-points [61°] and [226°] respectively. 
Direct sunshine acts like heat, causing the sub- 
stitution to take place in the CH, groups ; 1 mol. 
Br produces a liquid «-brSmo-(p8eudo)-oumene 
(psoudo-cumyl bromide) CaH,(OH,)2.CH2Br ; 2 
mols. bromine produce w,fw.^-4i-bromo-p8eudo- 
cumene C,H,(CH,)(CH^r)2 which melts at 97° 
(Schramm, B. 19, 216). — 2. Converted by boil- 
ing with AljClg into toluene, m-xylene, a little p- 
xylene, mesitylene, durene, and isodurene (An- 
schutz, A. 235,186). — 3. Methylene chUyn^ide and 
AljClg give durene, tetra-methyl-anthraoene [c. 
163°], nexa-raethyl-anthrahene [0. 220"^] and 
C,«H„ [c. 290°] (Friedel a. Ciafts, A. Ch. [6] 11, 
263). — 4. Gives a tri-nitro- derivative [185°].— 

6. Dilute HNO, gives two di-methyl-benzoifl 
acids and a little CgH,Me(C02H)j. 

i(/-Cumene hexahydride CyH,H. (187°). S.G. 
g -7812 ; ‘7667. From ^l^-cumene, HI, and P. 

HNO, gives tri-nitro-i('-cumene. Br and AljBr, 
give tri-bromo-4'-cumene (Konovaloff, C.O. 1887, 
1133). Probably identical with nonaphthene. 

Cumene C,H„ i.e. C^HiPr. Isopropyl-benz- 
ene. Mol. w. 120. (153° i.V.). S.G. 2 -8776 ; aa 
‘8677 (Silva, Bl. [2] 43, 317) ; e -8798 ; ^ -8587 
(Patern6 a. Pisati, Q. 3, 674). 

Formation. — 1. By distilling cuminic acid 
with baryta or lime (Gerhardt a. Cahours, A. 
Ch. [3] 1, 87, 372 ; 14, 107 ; A. 38, 88 ; cf. A. 
220, 27). — 2. From isopropyl bromide, benzene, 
and AljBr, (Gustavson, B. 11, 1261 ; R. Meyer, 
J. pr. [2] 34, 98). In the same way from n-pro- 
pyl bromide, inasmuch as n-projjyl bromide is 
converted by heating with Al,Br, into isopropyl- 
bromide (Kekul6 a. Schrotter, B. 12, 2280). — 

3. By acting with isopropyl chloride or w-propyl 
chloride on benzene in presence of aluminium 
chloride (Silva ; Claus a. Schulte, B. 19, 3012). - 

4. As a by-product by the action of allyl chloride 
on benzene in presence of AljCl,. — 6. By the 
action of di-chloro-acetone in presence of Al .Cl, 
on benzene as a by-product (Silva). — 6. From 
benzylidene chloride and ZnMe, (Liebmann, B. 
13, 45).— 7. From iso-propyl iodide, bromo- 
benzene, and sodium (Jacobsen, B. 8, 1260). 

Reactions.— 1. Chromic mixture gives benz- 
oic acid.— 2. Br and Al^Br, give O^Br,, isopropyl 
bromide, and tri-bromo -propane (0. 218°). 

Cumene ^trahydride C,H,,. (155°). Occurs 
in small quantity in oil of resin (Renard, A, Ch. 
[6] 1, 239). 

Cumene hexahydride C,Hj,. (0. 149°). S.G. 
22 *787. Occurs in oil of resin (l^nard, A. Ch, 
[6] 1, 229 ; cf. Pelletier a. Walter, A. Ch. [2] 67, 
99). 

n - Cumene G.'HsPr. n - Propyl • benzene. 
(168*6°). 8.G.fl*88 (Spioa,a8,408); ^ *8702 
(Sohiff). C.E. (9‘8 to 168‘6) *001184. V.D. 4*14 
(for 4*14). 8.V. 161*8 (Schiff, A. 220, 98). 

F(ynmiA(m.—l. From »- propyl bromids. 
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bromo>benzeiie, and sodium (Fittig, SohafiPer a. 
Konig, A. 149, 324). — 2. From berrfcyl chloride 
and ZnEt, (Patern6a. Spica, G. 7, 21).— 3. From 
AloClj, benzene and allyl chloride (Wispek a. 
Zuber, A. 218, 378) ; according to Silva (Bl. [2] 
i3, 318) the product is isopropyl-benzene. — 

1. A product of the action of ethylidene chloride 
on toluene in presence of ALOlg (Anschiitz a. 
Romig, B, 18, 6G5). 

Bcactions. — 1. In OSj solution it combines 
with CrOjOla, forming a chocolate pp. 
PhPr2Cr02Cl2 converted by water into phenyl- 
propionic aldehyde 4Etard, A. Ch. [6] 22, 252). 

2. Chromic mixture gives benzoic acid. — 3. By 

the action of bromide (1 mol.) in the dark or in 
presence of 3 p.c. of iodine in diffused daylight, 
91 mixture of o- and p-bromo-propyl-benzene 
C„H4Br(C3H7) is obtained. By the action of 
bromine (1 or 2 mols.) in direct sunshine, the 
side chain is substituted in the iS-position giving 
D«Hj.OllBr.CH,.CH, or C,H,.CBr2.CH2.CH,. If 
blie /3-mono-broino'propyl-bea/.eno is treated 
at 100^ in the dark with another mol. of bro- 
mine, a/3-di-broino-propyl-bonzcne is produced 
0,H,.CHBr.CHBr.CH, (Schramm, B. 18, 

1274). 

References. — BaoMO-ouMKNE,CiiLORO-cuMENE, 
Nituo-cumenk, &o. V. also Azo- and Hydkazo- 

DOMl'OUNDS. 

i|/-CUl[ENE CARBOXYLIC ACID v, Cu- 

MINIO ACID. 

i^.CCMENE-SUL PHONIC ACID 
08H2Me,(S03H) [1:3:4:2]. Obtained by debrorai- 
nation of di brorao-pseudo-cumene-sulphonic 
acid 0«Me,Br,(SO,H) [1:3:4:5:6;2] by the action 
of zinc-dust and aqueous NH3 upon the sodium 
salt. It is formed, together with the isoraeride 
(1:3:4:5) and other products, by the prolonged 
action of cone. H.SO4 upon durene (g.n.) or its 
mono-sulphonic acid. — NaA': very soluble small 
flat needles or plates. 

Amide 'SJI,Me<,(SO.,NHj) : [113®]; small 
flat needles or plates ; v. e. sol. alcohol (Jacob- 
sen, B. 19, 1222). 

if/.Cumene-Bulphonio acid CgH3Me3(SO,H) 
[1:8:4:6]. Obtained by debromination of bromo- 
pseudocumene-sulphonio acid by the action of 
zinc-dust and aqueous NHj upon the sodium 
salt (Jacobsen, B. 19, 1218), or by sodiurn- 
araalgam (Kelbe a. Pathe, B. 19, 1556). It is 
formed, together with the isomeride [1:3:4:2] and 
other products, by the prolonged action of cone. 
HjSOg upon durene (g* v-) or its mono-sulphonic 
acid. 

S alts.— NaA'aq : needles, v. sol. hot water.— 
KA'aq; similar to the preceding. — AgA' aq : 
sparingly soluble white plates. — BaA'aq : plates, 
sparingly sol. cold water (K. a. P.).— BaA'j; thin 
prisms; sol. hot water, si. sol. cold*(J.). 

Amide CgH2Me3(SOaNH2) : [172®] (J.); 

[179°] (K. a. P.) ; needles or very small prisms ; 
V. sol. alcohol. ^ 

vf'-Cumene sulphonlo acid OgHjMejSOjH 
[1:2:4:6]. [112°]. Formed by dissolving 

oumene in cone. H^SO, at 80°, and crystallised 
from dilute H,SOg (Jacobken, A. 184, 199). 
Cubes, si. sol. dilute H^SO^. Converted by 
potash-fusion into CgHjMea(0H)00.3H, whence, 
by distillation with lime, wt-xylenol OgHjMejfOH) 
[1:8:4] is got. Fusion of the K salt with sodium 
formate gives C.HoMej.COjK (Router, B. 11, 29). 

VoL. n. 


By the action of bromine upon the aqueous 
solution 76 p.c. is converted into bromo-pseudo- 
cumene CgHjMeiBr ri:2:4:5], the remainder 
yielding bromo-pseudo-cumene-sulphonic aci I 
OgHMo^Br.SOjH [l:2:4:3:5j (Kelbe a. Pathe, B» 
19, 1546]. 

Salts. — NaA'Saq : transparent plates, loses 
4aq in the air.— NaA'aq : white plates (from 
cone, solution). — KA' aq : sparingly soluble 
prisms. — AgA'aq: sparingly soluble needles. — 
BaA'j. S. 4-5 at 11*6° (J.).— BaA'^ aq (Fittig a. 
Ernst. A. 139, 188). 

Chloride OgH^MegSO.Cl. [61°]. Mono- 
clinic prisms (from ether). 

Amide CgH.MegSO.NH*. [176°] (K.a.P.); 
[181°] (Jacobsen, B. 19, 2513). S. -014 at 0° ; 
•26 at 100°. Large prisms, sol. hot, si. sol. cold 
alcohol. Cone. HCl at 176° splits it up into 
NH3, HjSOg, ai^d (//-cumene. Potassium perman- 
ganate gives CgH,(C02H)Me2(S0,.NH2) |1:2:4:5], 
C«H,(C02H)3Me(S02NH,) [1:4:2:5], and finally 
CaH^(C02H)i(S02NH2) (Jacobsen a. H. Meyer, B. 
16, 190). By heating with a small quantity of 
HCl there is forAied (CgH.MegSOJjNH [177°], 
which is soluble in alkalis. 

Cumeiie-(a)-sulphonic acid CgH,(03H,).SO,H. 
IsopropyUhenzene sulphmiic acid. Formed in 
largest quantity by sulphonating cumene in the 
cold. By warming to 100°, or by several weeks’ 
standing with the excess of H^SOg it is in great 
part converted into the (/3)-acid (Claus a. Tonn, 
B. 18, 1239). Small dehquescent scales. Potas- 
sium permanganate in presence of KOH forms 
(CH3)2C(0H).CgH,.S03H(R. Meyer, A. 219, 300) 

Salts.— KA'.—BaA'jaq: lamina. S. 4-6 at 
16°, 6 -6 at 60°, 50 at 100°.— PbA'j aq : pearly 
scales.— CaA'j 2aq.— SrA', 2aq. S. 100. On 
heating the solution saturated in the cold to 
100° a crystalline pp. of SrA'j is formed. — 
MgA'j 7aq.— AgA'. 

Amide CgH^i^r.SOjNHj. [108"] (M.; Spica, 
O. 9, 433) ; [112°] (C. a. T.). Converted into 
p-oxy-benzoic acid oy treatment with KMnOg 
and fusion of the product with potash. 

Cumene- (/Sl-sulphonic acid CgHg(C3H,)SO,H. 
Formed, together with a smaller quantity of the 
(o)-8ulphonio acid, by heating cumene with an 
excess of ordinary HjSOg on the water-bath (Claus 
a. Tonn, B. 18, 1239 ; Spica, G. 9, 433). Small 
needles. V. sol. watgr. By fusion with sodium 
formate it is converted into a cuminic acid which 
gives phthalic acid on oxidation (Claus a. Schulte, 
B. 19, 3012). 

Salts.— A'jBa 3^aq : small needles ; 8. 20 at 
16°; more soluble than the Ba salt of the preceti*. 
ing acid. — A'jPb 2aq : easily soluble microscopic 
noodles. — A'2Mg 8aq : soluble pearly plates,— 
A'jZn7aq: easily soluble glistening needles.— 
A'jCu 8aq : easily soluble large green needles. 

Ofclortde CBH„.SOaCl: yellow oil. 

Amide C,a„.S0.3NH,; [127° unoor.] (C. a. 
T.) ; [96°] (S.) ; glistening needles. 

• n-Cumene sulphonlo acid C.H4Pr.S08H, 
From n-curaene and H,SO,. According to Pa- 
tern6 a. Spica {G. 8, 408) both the 0 andj) acids 
are formed. 

Salts.— KA'Jaq (from alcohol).— CaA',.— 
BaA', (Fittig, A. 149, 830). 

Amide aH^Pr.SOjNH,. [110°]. Scale! 
(from water) (R. Meyer, A. 219, 295). 
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^-CTTMBNOl OeS*(qH,),OH[6:4:2:l]. [72°]. 
(236®). H J'. p. 68,640 (Stohmann, J. pr, [2] 84, 
818). 

Formation.—!. Formed by diazotising 
midine [62®] and boiling the diazo* compound 
with water (Liebermann a. Kostaneckif B. 17, 
886 ; Auwers, B. 17. 2976; Krohn, B. 21, 884). 
2. By fusing t^-cumene sulphonic acid with KOH 
(Beuter, B. 11, 29). 

Properties . — Slender flexible needles, very 
volatile with steam. Insol. cold water. Fe.Clj 
does not colour its solutions. Grives a bromo- 
derivative [32®] and a di-bromo-derivative [150®]. 

Benzoyl dcriva five CaH^Me^OB/i). [03®]. 
H.F. 87,240 (Stohmann, J. pr. [2] 36, 8). 

Methyl ether CaH,(CHJ,OMe. (214®) 
^(H.); (211®) (Auwers, B. i8, 2657) ; colourless 
^Fliquid. Formed by heating sulphate of diazo- 
pseudo-cumene with methyl-alcohol (Hofmann, 
B. 17, 1918). 

Ethyl ether CaR,(CH,)30Et : (224®); co- 
lourless liquid. Formed by heating sulphate of 
diazo-pseudo-cumone with ethyl-alcohol. 

Isoamyl ether (265°). 

Sulphate CaH2Me3(0S04H). From ^^-cu- 
menol and H^SO, (Router, B. 11, 29). Small 
crystals; decomposed by water into 4^-cumenol 
and H2SO4 even in the cold.— BaA',; slightly 
soluble leaflets. — KA'.— ZnA'j. 

t//-Cunmnol C4H2Me,(OH)[l:3:4;2]. [62®]. 
(233®). Formed from pseudo-cumene-sulphonic 
acid (1;3;4:2) by KOH fusion (Jacobsen, B. 10, 
1223). Long needles (from ether). FejCl^ gives 
no colouration. 

if/.CumeDOl C,H2Me,{OH). [95®]. (231® i.V.). 
From the corresponding c .midine [36®] by diazo- 
reaction (Edler, B. 18, 630). Formed also by 
fusing the corresponding sulphonic acid with 
potash (Jacobsen, B. 19, 1219). Long prisms. ! 
Gives no colour with FejClg. It gives a di-bromo- 
derivative [152®]. 

^/-Cumenol C,a,Me,(OH). (217°). From the 
diazo- compound of 4^-cumidine (224°) by boiling 
with dilute H^SO, (Engel, B. 18, 2230). Oil. 
Gives no colouration with Fe^Clg. 

o-Gnmenol CaH^Fr.OH. o~ Isopropyl-phenol. 
[16°]. (212® i.V.). S.G. i 1*0124. From o-cumi- 
dine by displacing NHj by OH through the 
diazo- reaction (Fileti, G. 16, 113). Formed also 
by potash -fusion from curae.ie o- sulphonic acid 
(Spica, O. 9, 433). Its aqueous solution is 
coloured violet by FejCl,. It gives a bromo- and 


Methyl ether O.H.Fr.OMe. (218® oot.Vi 
S.G.2-962. ^ ' 

Ethyl ether O.H.Pr.OEt. (246°). S.G.2 
1*026. 

o-?i-Cumenol CgH 4 Pr(OH)[l: 2 ]. o-Propyl-phe- 
nol. (0.225® cor.). S.G.s 1-016. From allyl iodide 
and phenol in presence of zinc and aluminium 
foil (P. P. Frankland a. T. Turner, C. J. 43, 
358) : C«H,OH + C,H,I-HI + C,H,.C,H40Hand 
C^H^.C.H^OH 2HI = C,H,.C„Fl40H -f- L. Formed 
also by fusing the corresponding sulphonic acid 
with potash (Spica, G. 8, 418). Liquid; its 
aqueous solution is turned v4olet by Fe^Clg. CO, 
acting on its sodium derivative at 140® gives o- 
oxy-propyl-benzoio acid. „ 

Methyl ether C.H.Pr.OMe. (208® cor.). 
S.G. *9694. 

tn-n-Cumenol C,H4Pr(qH)[l*.3]. [26®]. (228° 
i.V.). From oxy-n-cnminic acid and cone. 
HCIAq at 190® (Jacobsen, B. 11, 1062). Crystals, 
V. si. sol. water. Fe^Clo colours its alcohmio so- 
lution green. ♦ 

jt).7i.Cumenol CflH4Pr(OH)[l:4]. (231® cor.). 
S.G. - 1*009. Formed by fusing the correspond- 
ing n-cumcne sulphonic acid with potash (Spica, 
G. 8, 411). Formed also by diazotising amido- 
propyl-benzene and boiling the product with 
water (Louis, B. 16, 109). Oil. SI. sol. cold 
water, v. sol. alcohol and ether. Fe.^jCl, gives at 
first a violet and then a permanent green coloura- 
tion. CO, on the Na derivative gives p-oxy-n- 
cuminic acid. 

Acetyl derivative C^H 4 Pr(OAc). (243® 
cor.). S.G. Q 1*029; *942. 

Methyl ether CeH,Pr(OMe). (215® cor.). 
S.G. ^ *964; *912. Yields anisic acid on oxi- 

dation. 

The same ether appears to be formed, to- 
gether with anisole, by the action of boron-fluor- 
ide on anethol (Landolph, B. 13, 145). 

Isomerides of cumenol v. Mesitol and Haul- 

MELLITHOL. t 

Derivatives of cumenol v. Amido-cumenol, 
Bromo-ctjmenol, Nitro-cumknol, &c. 

Di-cumenol v. Di-oxy-di-ctjmyl. 

CUMENOL-CABEOXYLIC ACID v. Oxt-ou- 

MINIC ACID. 

CDMENOL SULPHONIC ACID 

CgH 3 Pr(OH)(SO,H). From cumenol and H,S 04 
(Jacobsen, B. 11, 1062). The Ba salt forms crys- 
talline crusts. Its solution is coloured violet by 
Fe^Cl,.. 


a tri-nitro- derivative. Sodium and CO^ gives 
cumenol carboxylic acid and di-oxy-di-isopropyl- 
diphenyl-carboxylio acid. PBrj gives bromo- 
enmene and (C,H4PrO)4PO (c. 378 at 280 mm.), 
whence alcoholic KOH forms (CflH4PrO),3(HO)PO. 

Acetyl derivative C4H4PrOAc. (229°). 
S.G. 1*03. Liquid, decomposed by prolonged 
boiling with water. 

Methyl ether C4H4PrOMe. • (199® cor.). 

Ethyl ether OeH4PrOEt. (209® cor,), 
S.O. f *9444. 

p-Cumenol C4H4Pr(OH) [1:4]. [61®]. (229® 
cor.). From cumene p-sulphonic acid by potash**- 
fusion (Patem6 a. Spica, O 6, 535). Formed 
also by heating C4H,(CO;a)Pr(OH) [1:3:6] with 
edne. HCl at 180^ (Jesurun, B. 19, 1416). 
FejCl, colours the alcoholic solution green. 

Acetyl derivative O^HiPrOAo. (244® 
cor.). S-G. n* 026 . 


CUMENYL. A name sometimes applied to 
the radicle cumyl 

CUMENYL- ACBYLIC ACID t;. Oumyl-aoeyiig 

ACID. 

CUMIC V. CuMiNic. 

CUMIDIC Acid v. ?Cylene dicarroxylio acid, 
o-CUMIDY'iE 0„H„N i.c. C,H4Br(NH,)[l:2]. 
(215®). Formed by distilling amido-cuminio 
acid with baryta (Fileti, O. 13, 379). Formed 
also, together with the following, by nitrating 
cumene and reducing the product (Constam a. 
Goldschmidt, B. 21, 1157). Converted by passing 
over red-hot PbO irRo indole. 

Salts .— B'lICl : large prisms.— BTI^OgO, aq; 
[173 ] ; long prisms. 

Acetyl derivative C,H,,NHAo. [72°], 
Tufts of needles. 

p-Cumldine C«H4Pr(NH,)[l:4]. (226®) (N.)j 
(219®) (C. a. G.). S.G. *963. Fonned by reducing 
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ttitrO'Cnmend (horn ouminio acid) (NIcIioIboii, 

A, 66, 68). From aniline, isojropyl alcohol, 
and ZnOl. at 270° (Louis, B. 16, 111]. May be 
solidified by cold.-B'HCl.—BA™V- 
B'HNOa.— B'.CjNa : long needles 
(Hofmann, 66, 145). Oxalate B'3HjC204 2aq: 
[169°] (Constam a. Goldschmidt, B. 21, 1167). 
Acetyl derivative 0„H, ,NHAo [102°]. 
i^.Cninidine 0«H,Mo,(NH2)[l:3:4:6]. [36°]. 

Formed by reduction of nitro-(p3eudo)-cumene 
[20°] (Edler, B. 18, 630). Colourless crystals. 
Easily volatile with steam. 

Salt 8.-B'HCL fine felted needles.— B'HNO.,: 
small glistening plates. The oxalate and sul- 
phate are sparingly soluble in cold water. 

Acetyl deri))ative [194°]; long prisms; 
nearly insol. ether. 

^/-Cumidine C,H„Me,{NH,)[l:2:4;6]. [68°] 

(Auwers, B. 18, 2661); [63°] (H.). (235°). Crys- 
talline solid. 

Mormati(yn.~-\, Occurs in the crude cumidine 
obtained by heating xylidine hydrochloride with 
methyl alcohol at a high temperature under 
pressure (Hofmann a. Rlartius, B. 4, 747 ; 13, 
1730 ; Hofmann, B. 16, 2895 ; c/. Nolting a. 
Forel, B. 18, 2680).— 2. By nitration and reduc- 
tion of pseudocumene (Schaper, Z. 1867, 13). 
Largo prisms. Nitrous acid converts it into 
C,H„Me,.N,.C„HMo,(N[I,), whence may be ob- 
tained C,H>Ie,.N,.C,.HMe3N,Br, [124°], 
0„H,Me,.N,.C..nMe3.N3 [91°], 
C,H,Ms,N<^>C.IIMc, [85»] and 
C,ILMo,.N,.C.HMe,,.N,H [ISS”] (Zinoko a. 
Jaencko, B. 21, 616). 

Salts.- B'HCl : thick prisms, sol. water, si. 
sol. dilute HCl. - B' JI.CLPtCl, : tine needles, 
decomposed by boiling water (Do Coninck, BL 
[2] 45, 131).— B',HjSnCl4 : Iamim8.-B'H3P04 
(Lewy, B. 19, 2729). 

Acetyl derivative Cj,H,_.Me3.NHAc : [164 ] ; 
(300°) ; thick white needles ; v. sol. alcohol and 
acetic acid, insol. water (Auwers, B. 18, 2661 ; 
c/. NOlting a. Baumann, B, 18, 1145). 

Formyl derivative CgHjMoj.NH.COH: 
[121°] ; colourless prisms ; v. sol. alcohol and 
ether, nearly insoL water. 

Thioformyl derivative 
0„H,Mo,.NH.CSH. Formed by heating the for- 
myl derivative with P.,Sj (Sonier, B. 18, 2296). 

f Cumidine C«H,Are3.NH,. (224°). 

Preparation-TliQ solid hydrochloride ob- 
tained by adding cone. HCl to orudo coml. oumi- 
iine is basified with NaOH and fracUouated. 
The fraction o. 225°-227° is boiled with acetio 
Eicid for twelve hours, and the product crystal- 
lised from alcohol ; a small quantity of acotyl- 
mesidine crystallises ou>, and the mother-liquors 
jontain the acetyl derivative ol the now oumi- 
line, which is obtained pure by several crystal- 
isatioiis from water, and finally converted into 
ihe base by saponification with solid KOH. 

Salts.— B'HCl : white needles ; v. sol. water, 
icarly insol. cone. HCl. The platino-ohloride U 
nsol. water, si. sol. alcohol. The nitrate is less 
loluble than the sulphate^ « „ xth* 

Acetyl derivative CjHjMej.NjlAo . 
112°] ; crystalline solid (Engel, B. 18, 2229). ^ 

ciriidiie 0,H,Me3(NH,)[l:2:3:4] ? Hemt- 
tellithidine ? Amido-c4ri-methyl-bmzerie. 

240°), From o-xylidine hydrochloride and 


MeOH at 310° (Nblting a. Forel, B. 18, 2680). 
Liquid. 

Acetyl derivative 04H2Me,(NHAo). 
[above 180°]. 

,|.-Cumidine CeH2Me,.NH3[l:8:4:2]. (236° un- 
cor.). Liquid at — 16°. Obtained from nitro^- 
cumitfine (from tri-nitro-i|'-cumene) by elimina- 
tion of tlie NHj group by the diazo- reaction 
and reduction of the nitro-4'-cumene [30°], which 
is obtained with SnClj (Mayer, B. 20, 971). 
Probably identical with the ij/-cumidine obtained 
by Nolting and Forel (B. 18, 2680) by nucleal 
methylation of the o-xylidine 04H,MejNH2[2:3:lJ. 

Acetyl derivative CjHjMej(NHAo). 
[186°]. 

w-Cumidine v. Amido-phenyl-pbopane, vol. i. 
p. 179. 

Isomeride of cumidine v. Puenyl-puopyii^ 

AMINE. 

CUMILKf ACID C,„H,40, i.e. 
(CaH4(C3H,)),C(0H).C02H ? [120°]. Prepared 

by fusion of ouminil with KOH; yield 70 p.o. 
(Bosler, B. 14, 320). Fine white needles. Sol. 
alcohol, ether, find benzene, si. sol. water. 

CUMINAL-ACETONE v. Methyl propyl- 

STYBYL KETONE. 

Di-cuminal-acetone v. Di-pbopyl-di-stybyl 

KETONE. 

CUBIINDIQO V, Dr-isornoPYL-iNDioo. 
CUMINIC ALCOHOL v, Cuminyl alcohol. 
o-n-CUMINIC ACID C,oH, A 
C„H4Pr(C055H) [1:2]. o-n- Propyl-benzoic acid. 
Mol. w. 164. [68°]. From phthalyl-propionio 
acid, cone. HIAq (lOpts.), and red phosphorus 
(1 pt.) (Gabriel a. Michael, B. 11, 1014). Slen- 
der leaflets. 

^-n-Cuminic acid 0BH4.Pr(CO2H) [1:4]. p-n- 
Fropyl-benzoic acid [140°]. 

F<yrmaiion. — 1. From p-bromo-n-propyl- 
benzene, sodium, and COj (B. Meyer, J. pr, [2] 
34, 102).— 2. From C,H,PrPr by oxidation (Pa- 
tornb a. Spica, B. 10, 1746). — 3. From C^H^Pr, 
and dilute HNOj (H. Korner, A. 216, 228). 

Projjcrf les.—LamintB (from water) or needles 
(from dilute alcohol). SI. sol. boiling water. 
Volatile with steam. KMn04 gives terephthalio 
acid. 

Salts Ca A'., 3aq : slender satiny needles.— 
SrA',2laq.— BaA'*. 2a(i.— PbA'^ 2aq.- AgA'. 

CAfr-CN. [227°]. From p-propyl- 
phenyl thiocarbimide and copper powder at 220° 
(Francksen, B. 17, 1229). Liquid. Saponified 
by oono. HClAq at 200°. 

o-Cuminio acid CjH4Pr.C02H [1:2]. Formed 
by fusing a salt of cumene- (3) -sulpbonio acid 
with an excess of sodium formate ; the yield is 
10 p.o. Sublimable. Volatile with steam. V. 
sol. alcohol, ether, &o., insol. cold water. Oxi- 
dation with KMn04 gives o-phthalio acid. Its 
alkaline salts are excessively soluble.— A : 
insoluble white pp. — A'-^Ca 2aq : small soluble 
needles.— A' JBa 2iiq : soluble needles.— A ,Mg 6aq: 
very soluble needle8.-A',Pb aq : very sparingly 
soluble white powder.— A', Cu 2^aq ; very spar- 
ingly soluble blue-green amorphous pp. 

Ohloride C,H,Pr.C001: yellowish oil, T. 

sol. ether and chloroform. 

Amide C.H4Pr.OO.NH,: [124° nnoorj; 
small needles ; v. sol. alcohol and ether, v, si. 
sol. water (Claus a. Schulte im Hof, B. 19, 
8013). 
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«.J«(Coaininio acid C,H4Pr(CO-H) 
ril7®] (M.). H.C.v. 1,239,000 (Berthelot a. Lou- 
gu&ine, i. CA [6] 13, 388). 

'Formdtion.—1. Frombromo-iso-propyl-benz- 
ene, Na, and CO, (R. Meyer, X ;>r. [2] 34,100).— 

2. By the oxidation of ouminio aldehyde or ou 
of cumin (Gerhardt a. Cahoura, A, Ch. [3] 1, 70 ; 
Beilstein a. Kupffer, J9. 6, 1184 ; A. 170, 302 ; 
Lippmann a. Lange, B. 13, 16G0 ; Meyer, A. 
219, 244).— 3. Cymene when taken internally 
passes into the urine as ouminic acid (Nencki a. 
Ziegler, B. 5, 749 ; cf. Hofmann, A. 74, 342). 

Properties.— From water (3 pta.) and alco- 
hol (1 Pt.) it separates in triolinio needles : 
o:6x--6742;l:-8072; 66', S = J?- 

7-106® 65' (Groth; cf, Panebianco, O. 10. 81). 

V. sL sol. cold water, v. sol. alcohol and ether. 
vConverted into cumene by distillation over lime. 
Chromic mixture oxidises it to terephthalio acid. 
KMnO. forms, as an intermediate prod^t, oxy- 
propyl-benzoic acid (CH3),C{0H).C,H4.C02H 

^IgaUs.— BaA',2aq: laminaa. S. *996 at 
20*6®.— CaA'j 5aq : needles. at 20*6 . — 

MgA'«6aq: laminse. S. *825 at 20*5°. AgA. 

ether Etk'. (240°). V.D.6-65. 

Phenyl ether PhA'. [58»]. FrompotM- 
sinm-phenol and the chloride of the acid (Wil- 
liamson a. Scrugham, Pr. 7, 18). Also formed 
by distilling cuminyl-salicylio acid (Kraut, J. 
1858, 406 ; Ar. Ph. [2] 96, 271). 

Eugenyl etherC,U,(Oyfi,){OUe)k'. Tables 
(Cahoura, A. 108, 323; A. Ch. [3] 41, 491). 

Anhydride {G,-a,?r.CO),0, Oil (Gerhardt. 
A. 87,77; A, Ch. [3] 37,304). 

Peroxide iC,n,¥t.CO),0,. Needles (from 
ether). Explodes when heated (Brodie, P . 121, 
872; Pr. 12, 655). 

C hlorideC^n, Pr.COCi. (257®). S.G^1*07. 
Liquid (Cahours, A. 70, 45 ; A. Ch, [3] 23, 347). 

Amide C.H^Pr.CONH,. [154°] (F.); [c. 
157®] (G.). Foimation.—l. By heating ammo- 
nium cuminate (Field, A. 66, 49).-2. From the 
nitrile and alcoholic KOH.— 8. From the anhy- , 
dride and NH, (Gerhardt, A. 87, 167). 4. By , 
■ heating ouminio acid (164 g.) with potassium sul- j 
phocyanide (60 g.) for 6 hours with inverted con- 
denser at 240°, and then for 1 hour at 300°. The | 
nitrile is formed at the samejtime (Fileti, G, 16, 
281).— 6. By the action of chloroformamide 
Oc/nBL)C 1 upon cumene in presence of A1,C1, 
(Gattermann a. Schmidt, A. 244, 54; B. 20, 
860). Properties.— Biaxial crystals, insol. cold 
water, bL boL ether, v. sol. alcohol and hot benz- 
ene. When boiled with water and yeUow HgO 
it forms (OAFr.CONH)2Hgliaq, which crys- 
taUieeB in needles [190®]. 

Anilide C^H^Fr.CONHPh. Long satmy 
needles (from alcohol). 81. sol. alcohol (Cahours, 
A. OA. [3] 23, 349). o 

Benzene sulphamtde ^ 

C34Fr.C0.NH.802Ph. (161®]. From ournmyl 
chloride and the amide of *>®" 2 ene sulphomc 
aoid (Gerhardt a. Chiozza, A, Ch. [3] 46, 161). 
Prisms. AgNO, and a Uttle NH, give needles 
of OJa;Pr.CO.NAg.SO,Ph, which forms a cigrs- 
tolline compound with NH, 
bewoyl derivative 0,H,Pr.CO.NB^SO^h 
' is formed as a crystalline mass by treating 
IgNBs.SO,Pb with onminyl ohlonde. 


o-Oxy-henzamide 

O^H^Fr.CO.NHf C0.C,H4.0H. From salioylamidf 
and ouminyl chloride. Needles. « ^ i4 

Nitrile O^H^Fr.ON. (244® i.V.). 8^. ^ 

•766. Formed by heating the amide (Field, 
Mem. Chem. Soe. S. 408 ; A. 66 6y, or by heat- 
inff cuminic acid (2 mols.) with KCyS (1 mol.) 

6,674; Fileti, 0. 16,282). Formed 
also by treating potassium oominate with CyBr 
(Cahours, A. Ch. [3] 62. 201; A. 108, 826). 
Liquid, si. sol. water, v. e. sol. alcohol and ether. 

t^-Cuminio acid C,H2Me|(CO,H) [1:2:4:6]. 
Durylic acid. Tri-mcthyl-be^zoic Mid. [149°]. 

Formation.— 1. By boiling durene with dilute 
HNO, (Jannasch, Z. 1870, 449) or with the cal- 
culated quantity of CrO, in HOAo (Gissmann, A, 
216, 205).— 2. By fusing potassium iJ/-oumene 
Bulphonate with sodium formate (Reuter, B. 11, 
31). — 3. From the nitrile (Nef, A. 237, 8). — 

4. By hydrolysis of its amide (v. infra). 

Preparation.— Bmene is boiled for 8wr 4 
hours with dilute HNO, (1 vol.,of HNO, (1*4 S.(L) 
to 3 vols. water). The product is filtered off, 
extracted with Na,CO„ and the solution precipi- 
tated with HCl. The crude acid is filtered off, 
treated with tin and HCl to remove nitro- corn, 
pounds, and distilled with steam. The yield is 
40-50 p.c. of the durene (Nef, B. 18, 2801). 

Propcrfics.— Needles (from benzene). V. si. 
sol. boiling water, v. e. sol. alcohol and ether. 
Volatile with steam. 

Sal ts .— CaA', 2aq.-BaA', 7aq : prisms. 
.4miiaC,H,Me..CONHr [201®]. From ^ 
cumene and chloroformamide Cl.CONH,^ in pre- 
sence of A1,C1, (Gattermann, ^.244, 64). Needles 
i (from dilute alcohol). 

1 Nitrile [68®]. (260®). Formed by the ac- 
tion of CuSO* and KCN upon diazo-pseudo- 
cumene (Haller. B. 18, 93). Long colourless 
needles. V. sol. alcohol, ether, benzene, and 
ligroin, insol. water. 

(a)-Cuniinic acid CgH2Me3(CO,^) [1:2:3:5]. 
[216®]. {a)-Isodurylic Mid. Formed together 
with the id) and (-y) isomerides by oxidation of 
isodurene with HNO,. Distillation mth lime 
yields hemimellithol. — A'^Ba 4aq ; 
needles. — A'Ca6aq (Jacobsen, B. 16, 1866; 
Bielefeldt, A. 198, 384). ^ 

(j8).Cuminic aoid CaH.^Me,(C02H) [1:3:6:2]. 
(d).Isodurylic acid. Mesitylene carboxylic Mid. 
[151°]. Formed together with the (a) and (7) 
isomerides by oxidation of iso-durene with 
HNO, (Jacobsen, B. 15, 1856). Distils with^t 
decomposition. Thick glistening prisms. On 
distUlation with lirne it gives mesitylene. 
CaA'- 2aa : microscopic needles. 

(.J) SSiSic acif C.H,Me,(CO,H) [1:2;4:6]. 
^■Cumene oarboxylM Mvd. {y)-l8odvpflui acid. 
[85°]. Formed together vrith the (o)- and (m- 
isomerides by oxidation of isodurene with HNO, 
(Jacobsen, B. 16, 1855). Distils without decom- 
position. Volatile with steam. Needles. Sol. 


alcohol, ether, and hot water, nearly insol. cold 
water. On distillation with lime it gives pseudo- 

cumene. , , 

Salts.— A'K*: eiiremely soluble amorphous 
solid. — A',Ba* : uncrystallisabla. — A',Oa 2tq : 
mioroBCopio needles, 

c-Onminic acid Og^|M«t(00 J9I)Cl:2^i8:4)^JW* 
Tnethyl-benzoie aoid. [16$®]. Foraa^ by orid*»» 
turn of the consecutive tetra-methyl-benaeoi 
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li^jhnitene) by boiling for 12 hours with dilute 

1 ?*’i « ? glistening prisms. • V. e. sol. hot 

alcohol. Volatile with steam. By distillation 
lime it yields the consecutive tri>methyl 
benzene (hemimellithene) (Jacobsen, B. 19, 1214). 

Rtfirencts, — Amido-ocminic acid, Bromo* 
ODMnraO ACID, NiTRO-OUMINIC acid, OXY-CUMINIO 
ACID. 

CUMINIC ALDEHYDE C,oH„0 i.e. 
C^^(0,H,),CH0 [1:4]. CuminoL Isopropyl- 
benzoic aldehyde. Mol. w. 148. (237-6'^ cor.) 

(Schifif); (222° cor.) (Lippmann a. Strecker, Sitz. 
W. [2] 78, 670). ^G. 2 -9832 ; -9727. V.D. 

6’24 (calc. 6’ 13). Occurs, together with oymene, 
in oil of cuinin (from Cuminum Cyminum), and 
in the volatile oil )rom the seeds of the water- 
hemlock [Cicuta virosa). It is separated from 
these oils by £HSO| (Gerhardt a. Cahours, 
A. Ch. [8J 1, 60 ; Bertagnini, A. 85,275; Kraut, 
A. 98, 866 ; Trapp, A. 108, 886). Formed by 
boilu^ CjHj.OjH^.CH.^Cl with lead nitrate and 
water (Errera, G* 14, 278). Formed also by 
treating oymene (1 mol.) with CrO^Clj (3 mols.) 
in CSj, without cooling, and decomposing the 
product with water (Etard, C. R. 90, 634). The 
cuminic aldehyde (220°) so formed is perhaps 
identical with ordinary cuminic aldehyde. On 
oxidation it gives a cuminic acid [129°], whence 
potash-fusion gives p-toluio acid. 

P^perties.— Oil, smelling like oil of cumin. 
Oxidises in the air, becoming resinous. 

Reactions. — 1. Cold fuming HNO, gives p- 
iso-cuminio acid. Hot HNO, forms nitro-iso- 
cuminic acid. — 2. Chromic acid mixture gives 
p-iso-cuminic and finally tcrephthalic acid. —3. 
Cl and Br act by substitution. — 4. NH, forms 
hydrocumin-amide a thick liquid (Gerhardt 
a. Cahours; Borodin, B. 6, 1253). According 
to Uobel [A. 246, 303) it is a stellate mass [65°J 
wliioh may be reduced by sodium amalgam to 
curainyl-amine and di-cuminyl-amine, and is 
converted by dilute acids into NH, and cuminic 
aldehyde. Sieveking (A. 100, 357) could not 
obtain it. Aqueous NH, at 130° forms an isome- 
ric base CsJIj^N, [205°] which forms a sparingly 
soluble sulphate [192°].- 6. Ammo7iium sulphide 
forms (C,oH, S)j.— 6. Boiling aqueous and alco- 
holic potash form cuminyl alcohol and p-iso- 
ouminio acid. — 7. Potash-fusion gives p-iso-cu- 
minic acid and cymene. — 8. Heating with potas- 
sium forms C,oH,,OK(?) (Chiozza, A. 87, 802; 
c/. Church, P. M. [4] 26, 622).-9. In ethereal 
solution it is partly converted by treatment with 
sodium amalgam into the sodium derivative of 
hydrocuminoin C,H,rr.CH(OH).CH(OH).C,H,Pr 
[135°] (M. Wallach, A. 226, 78; c/. Claus, 
A, 137, 104). — 10. Acetamide at 176° gives 
C.,H,(C,H,)CH(NHAc )2 f212°] (Uaab, B. 8, 
1160).— 11. Uenzamide gives in 4the same way 
^.i^ 4 (C,HACH(NHBz )2 [224°] which crystallises 
from alcohol in needles, insol. water (R.). — 
12. Ethylene - diamine at 120° gives 
(C,H,.C,H,.CH:N).,C.^, [64°] (Mason, B. 20, 
267). — 18. Hydrogen cyanide and HCl give 
C,H.(C,H,).CH(OH).COjH.— 14. DistUlation over 
ZuGl, ^ves cymene (Lougfiinine, Z. 1867, 851). 
16. With butyric aldenyde and butyric anhydride 
it gives 0,H,.0;a,.CH:OEt.COsH (Perkin). 

Combinaf«n.—0, ^„(OH)(SO,Na) aq : 
needles, sol. water.. insoL cold alcohol, ether, 
And aqueous NaHSOr 




« anilide 

C,H4(C,H,).CH:N.C,H,(NMe;,) : [99°]; smalfglis-, 
678)^^ (from alcohol) (Nuth, B. 18, 

Oxim C,oH„.NOH. [62°]. Formed by the 
action of hydroxylamine on cuminic aldehyde 
(mstehberger, B. 16, 2994). SI. sol. water. 

Derivatives of cuminic orthaldehyde. 

BiacefpZ derivative C,H,(C,H,)CH(OAc),. 
Obtained by the action of silver acetate on. 
CaH4(C3H,)CHC4 (from cuminol and POU. Crys- 
tals (Sieveking, A. 106, 258). 

Di-benzoyl derivative 
C„H,(C,H,).CII(OBz) 2. [88°]. Needles (Tiitt 
Bcheff, A. 109, 368). 

Di-thymyl derivative 
C,HAC3HACH{0C,„H,3),. [167°]. From 
CsHdCgHyj.CHClj, thymol, and KOH (Engel- 
hardt a. Latsohinoff, Z. 1869, 43). Tables. 

Cuminom i.e. 

C«H,(C,H,).C(0H)H.C0.C3H,(C3H,). [101°]. Pre- 
pared by boiling cuminic aldenyde with alcoholic 
KCN ; the yield is about 45 p.c. (Bosler, B. 14, 
323). Slender* white needles ; sol. alcohol, 
ether, and benzene, si. sol. water and ligroin. 
It reduces Fehling’s solution in the cold. Alco- 
holio KOH gives a violet colouration. 

Acetyl derivative Oj,oH230(OAo) ; [76°]; 
tables or prisms (Widmann, B. 14, 609). 

Hydrocuminoin 

C,H,.CeH,.CH(OH).CH(OH).C,H,.C,H,. [135°]. 

Formation. — 1. From ouminoin and sodium 
amalgam.— 2. From cuminic aldehyde by treat- 
ing its ethereal solution with sodium amalgam 
or with alcoholic HCl and zinc (Claus, A. 137, 
104 ; Baab, B. 10, 54). — 3. Its di-acetyl deriva- 
tive is formed by heating cuminic aldehyde with 
NaOAc and ACjO at 160° (Widmann, B. 19, 256). 

Properties. — Small needles (from dilute alco- 
hol). Insol. water. Oxidised by cone. HNO, to 
cuinirioin. Pentachlorido of phospliorus gives 
C3H,.C«H,.CHC1.CIIC1.C,H,.C3H, [185°]. 

Di-acetyl derivative CjoHj^AOjO^ [144°]. 

Deoxy-cuminom 

C3H,.C„H,.CH3.C0.C,H,.C,H,. [68°]. Fromeu- 
minic aldehyde by treatment with zinc and alco- 
holic HCl (B,). Slender laminm (from dilute 
alcohol) ; V. si. sol. water. 

Cuminil CaoHj^O, i.e. 

C3H,(C,H,).C0.C0.C,H,(C,H,). [84°]. Yellow 
prisms. Sol. alcohol, ether, and benzene, v. al. 
sol. water. Distils undecomposed. Prepared by 
oxidation of cuminoi’n with chlorine. On fusion 
with caustic potash it gives rise to oumilio acid 
g^H,.C,Hj3C(0H).C03H [120°] (BSsler, B. 14, 

Locuminic al^iehyde CjoH^O. [80°]. (220°), 
Formed together with the liquid aldehyde 
by the action of water upon the compound 
C,oHn2Cr030l3, obtained from oymene derived 
from turpentine (Etard, A. Ch. [6] 22, 269). Solid 
resembling camphor. Oxidised by the air to a 
cuminic acid [61°]. 

CUMINOL V. CUMINIO ALDBUYDB. 

. OUMINURIC ACID C.jH.jNO, i.e. 
[4:l]C3H,(C,H,).CaNH.CH,.C03H. [168°]. Oo. 
ours in the urine of animals who have been given 
doses of oymene (Jacobsen, B. 12, 1512). 
pared by the action of ouminyl chloride on g]y« 
oocol-silver (Cahours, A . Oh. [J] 68, 866). GUeten- ^ ‘ 
ing scales or large plates. Insol. cold water, % 



OUMINURIC AUIU. 


m, 

Bolv^hot water and alcohol. On heating with 
HOI to 120® it decomposes into glyoocol and 
cominio acid [117®]. 

Salta. — BaA '2 aq : leaflets or flat needles, 
S. *46 at 6®. — GaA'j 8aq : flne needles, si. sol. 
cold water.— KA' and NaA' ; very soluble fine 
needles. * 

DI-CUMINYL i.e. 

C,H,.C„H,.CH,.CH2.C H,.C,H,. (above SCO®). 
From cuminyl chloride and sodium (Cannizzaro 
a. Bossi, A. 121, 251). Plates. 

CUMINYL ALCOHOL C,oH„0 i.e. 
C,H,Pr.CH,OH [4:1]. Mol. w. 160. (247® cor.). 
S.G. '978. Formed, together with cuminic 
acid, by boiling cuminic aldehyde with alcoholic 
potash (Kraut, A. 92, 66 ; 192, 224 ; Filoti, G. 
14, 498). Liquid, miscible with alcohol and ether. 
Boiling with zinc-dust converts it into n-cymene, 
the Pr changing to Pr. Boiling aVoliolic KOH 
forms cuminic acid and cyinene. Boiling with 
small quantities of dehydrating agents converts 
it into di-cuminyl oxi«le. 

CUMIKYL-AMIDO-PHSNOL 
H0.C,H4.NH.CH2.0^H,Pr. Oxy-phanyhcuminyl- 
amine. [108°]. Formed by reducing with sodium 
amalgam the product obtained by the action of 
cuminol on amidophenol (Uebel, A. 245, 207). 
Greyish white plates. V. e. sol. alcohol, ether. 

Salts.— C,aH,,NH(ONa). V. sol. water, giv- 
ing a red solution.— B HCl. White plates. V. sol. 
alcohol, hot water, m. sol. cold water. 

Nitrosamine C,gH,.OHN.NO. Yellowish 
brown crystalline substance. V, sol. alcohol, 
ether. 

CUMINYL-AMINE C.oH.^N i.e. 
CJH4(C,H,).CH5.NH,[1:4]. Kxo-amlcJo cumene. 
Jso^opyl-beiizyl-amme. (220° at 724 ram.). 
Prepared by reduction of the oxim of cuminic 
aldehyde, C4H4(C5H,).CH:NOH (5 pts.), with so- 
dium amalgam (1.50 pts.) and acetic acid (12 pts.) 
in alcoholic solution at 40°-50° ; the yield is 
good (Goldschmidt a. Gessncr, J3. 20, 2113). 
Formed also, together with di- and tri-cunnnyl- 
amine, by heating cuminyl chloride with alco- 
hoUc NH, at 100® (Rossi, C. B. 51, 570; 
A, Suppl, 1, 141). Also from thio-cuminic amide 
C^,.C^4 .CS.NHj, zinc and alcoholic IlGl 
(Czumpelik, B. 2, 185). Colourless liquid, of 
basic smell. Nearly insol. water. Absorbs CO^ 
from the air, and solidifies toT a crystalline car- 
bamate. 

Salts. — ^B'HCl : glistening colourless plates, 
V. Bol. water and alcohol.— B'gHyClPtCl^ : in ai ly 
insoluble^yeliow pp. 

Acetyl derivative C,oH„(NHAc) : [6.5°]; 
pearly plates ; v. sol. alcohol, ether, and benzene, 
si. sol. hot water and hot ligroin. 

Di-cumixiyl-aniiiie (C,H,. 04 H 4 ) 2 NH. [168°]. 

290® at 100 mm.). Formed as above (R.). 
Formed also by the action of sodium amalgam 
on the product of the action of dry Nil, on cu- 
niinic ^dehyde (Uebel, A. 246, 309). Crystals, 
insol. water, v. sol. alcohol and ether. Forms 
a crystalline nitrosamine. , 

Salts. — B'HCl: plates (from alcohol); v. 
•1. sol. cold, m. sol. hot, water, v. e. sol. alcohol. 
— B',H,PtC^: yellow needles. 

Tri-ouminyl-amine (C^,CfHXN. [82°]. 
Formed as above (B.). Its hydroohloride forms 
needles, insoL water* 


I CUHINTL-OABBAMATS 
NH,.C02.CH3.C|H4.0,H,. [89®]. Formed, to* 

gether with a>-chloro-oymene, by passing cyano* 
gen chloride into cuminyl alcohol (Spioa, G. 6, 
394). Prisms, not volatile with steam. SI. sol. 
cold, V. sol. hot, water. 

CUMINYL CHLORIDE v . w-Chloho-oymene. 

CUMINYL-ETHYL OXIDE C.H^Pr.O.Et. 
(227°). From w-ohloro-cymene and alcoholic 
KOH [Frrera. O. 14, 282). 

CUMINYLIDENE-ACETONB 
CH3.CO.CH:CH.C,H4Fr. (181® at 23 mm.). From 
acetone (20 pts.), cuminic aldehyde (20 pts.), 
water (300 pts.), alcohol (170 pts.), and NaOH 
(2 pts.) in the cold (Claisen a. Ponder, A. 223, 
147). Thick yellowish oil. ^ 

Di-cuminylidene-acetone (OgH4Pr.CH:CH),CO. 
[107°]. From cuminic aldehyde (20 pts.), ace- 
tone (1 pts.), water (300 pts.), alconol (250 pts.), 
and NaOH (2 pts.), in the cold (0. a. P.). Loipg 
light-yellow prisms (from alcohol). « 

CUMINYLIDENE-AMIDO-PHENOL 
HO.C«H,N:CH.C,n,Pr. [183°]. Formed by the 
action of amidophenol on an alcoholic solution 
of cuminol (Uebel, A. 246, 296). Green pris- 
matic needles (from alcohol). Is converted by 
sodium amalgam into cuminyl amido-phenol. 

CUMINYLIDENE CHLORIDE v. 

CHLOBO-CYMENE. 

DI-CUMINYLIDENE-ETHYLENE-DIAMINE 

C,,n,,N, i.e. C.JI,(N:CH.C«H,Pr).,. Di-isopropyl- 
bcnzyluicne-ethylene diamine. [64°]. Formed 
by heating ethylene diamine (1 mol.), with 
cuminic aldehyde (2 mols.) to 120°. Long white 
needles. Easily soluble in alcohol, benzene, 
chloroform, and petroleum-ether. Decomposed 
into its constituents by acids or by heating with 
water (Mason, B. 20, 270). 

CUMIN Y LIDENE - DI-METHYL-p-PHENYL- 
ENE DIAMINE Pr.C,H,CH:NO,H,NMe,. [100°]. 
Formed by the action of Pr.C„H,.CHO on di- 
methylanilino (Uebel, A, 245, 299). Lemon- 
yellow needles. V. sol. alcohol and Ithcr, insol. 
water. Is decomposed by acids or alkalis into 
its components. 

C U MIN YL - DI - METHYL - p - PHENYLENE 
DIAMINE Pr.C,H4.CH,.NH.OeH4.NMe3. [39°]. 
Formed by reducing cuminylidene-di-methyl-jp- 
phenylene-diarnino with sodium amalgam in an 
alcoholic solution (Uebel, A. 245, 300). Colour- 
less prismatic plates. V. e. sol. alcohol and ether. 

1 Gives a nitioso- derivative [87°], crystallising in 
yellow needles. The hydrochloride is v. sol. 
water, v. e. sol. alcohol, and si. sol. ether. 

DI-CUMINYL OXIDE i.e. 

(GJl, Fr.CFL)30. (.350°). 

Formation. -1. From C„H,Fr.CH,ONa and 
C,II,Pr.CHUi (Fileti, (k 14, 496).— 2. *By distil- 
ling cuminyl alcohol with dilute — 3. One 

of the products of the action of alcoholic potash 
on cuminic aldehyde. 

Proi^rties. — Oil. Boils at 350° with partial 
decomposition into cuminic aldehyde and cymene. 

CCMINYL-PHENOL C„H„0 i.e. 
C3H,.C,H4.CH3.C,H40H. (300°) at 60 mm. 

Formed by treating «a mixture of phenol and 
cuminyl alcohol with HOAo and H2SO4 (Paternd 
a. Fileti, 0. 6, 383). 

CUMINYL THIOOARBIMIDE 
C,H4Pr.CH3NCS. (246®-270®), From di-oumi. 
nyl-thio-urea and P^O^ (Raab, B. 10, 62). 
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cTjmTjn-Tmo-TiR^i I 

thio-urea. Poxmed by mixing solutions ' 

ol ammonium sulpbocyanido and oumyl-amine 
hydrochloride, and evaporating to dryness. Co- 
lourless plates (Goldschmidt a. Gessner, B. 20, 
2416). 

Di-cuminyl-thio-urea 

|C«H,(C,H,).CH,.NH{,CS[1:4]. Di-p-propyl-di- 
benzyl -thio-urca. f 128°j. Formed by the action 
of alcoholic sulpliido of carbon upon cumylamine 
C,H,(C 3 H;).CH,mNH,„ Glistening needles (Raab, 

B. 10, 63 ; Goldachrmdt a. Gessner, B. 20, 2416). 
CUMINYL-UREA C„H,«ON., i.e. 

C„H,(C,,H,).CH,,.NH.CO.NH, [1:4]. PropyUen- 
zyl-urea. [135"^]. Formed by warming a solu- 
tion of cumylamine hydrochloride with potassium 
cyanate. Slender white needles (from hot water) 
(ii.iab, B. 8, 1161 ; Goldschmidt a. Gessner, B. 
20, 2^14). 

Di-#aminyl.uroa (C 3 H,.C,H,.CH,.NH),CO. 
[122"^]. From cuminyl cyanate and cuminyl 
amine (Raab, B. 10, 62). Small needles. 
CUMONITrtILE V. Nitnle o/cuminio acid. 
CUMOPHENOL v. Cusiknol. 

CTJ MOQUINOLINE v . (wo)-Propyl-qdinolin]3. 
i/^-CUMOaUINOiNE C,HMe,0, [2:3:5:4:1]. 
[IPJ. Formed by oxidising isoduridino 

C, HMe,(NH,) [2:3:5:4:11. Needles (from water). 
Liquid above 11°. Rodiieod by SO.^ to hydro- 
cumoquinone CJlModOll)^ [169°J (Nolling a. 
Baumann, P. 18, 1152). 

i|/-CUM0QUIN0NE CARBOXYLIC ACID 
C„Me,,0,.CO,H (1:3:4:2:6:C). [128°]. Formed 

by oxidising an aqueous solution of the chloride 
of di-amido-tri-mcthyl-benzoic acid with Fe^Clg 
(Ncf, A. 237, 11). Golden yellow needles. V. 
sol. alcohol, ether, chloroform, ra. sol. petroleum 
ether. 

Reactions.— luihojaies CO.., fiom carbonates ; 
sol. alkalis i^nd ammonia with yellow colour. 
Hydroxylamino yields an un.stable quinoncoxira. 
HNOj (1.4) yields nitro-tri-mcthyl-quinone. Re- 
duced by zinc-dust and aqueous NaOH to di-o:vy- 
tri -methyl-benzoic acid. The Ag, Pb, Ba, and 
Cu salts aro all yellow. 

Ethyleiher G„OMcfiOM. [61°]. Yellow 
needles, V, sol. alcohol and ether, m, sol. ligroin. 
CUMOSTiRIL V. {Py. 3)-Oxy-(B. 3)-isopro- 

PTL-QUINOUNK. 

CUMYL. Tills name is sometimes given to 
the radicles cuminyl CjjHu.CH^ and cuminoyl 
C.,H,,.CO, but it is used in this dictionary to de- 
note the radicle Cgll,, ; curayl being propyl- 
phenyl, while i|/-cumyl is 7Z-tri -methyl -phenyl. 

CUMYL-ACRYLIC ACID C,,,H„02 i.e. 
C.H,(C3H,)CH:CH.C0.,H ^:1]. Isopro 2 >yl-cin- 
miinic acid. [158°]. From cumijiio aldehyde, 
NaOAo, and Ac.p (Perkin, C. J. 81, 388; Wid- 
mann, B. 19, 265). Needles (from alcohol). V. 
sol. alcohol and HOAc, si. sol. boiling water. 
Split up by heat into CO,^ and isopropyl-styrene. 
Aqueous CrOj gives cuminio aldehyde. Sodium 
amalgam gives i3-n-cumyI-propionio acid. 

Salts.- *NH^A'; asbes4o8-like crystals, m. 
sol. water.— CaA'.^ : needles, si. sol. water; ab- 
sorbs oxygen at 100°.~SrA'8 2aq,— AgA' : bulky 

pp. 

Chloride C«H,Pr.CH:OH.COOI. [o. 26®], 
Amide 0 ,H«Pr.OH:CH.OONH 2 . [186®]. 


Derivatives v. Amido-, Nrrao-, andOxt-ctiniu 

kCaiUO AOID. 

Di-bromide C,Hd 03 H,).OHBr.CHBr.CO.,H. 
[190®]. Small white balls. Sparingly sol. in 
hot benzene (Widmaim, B. 19, 258). 

i]/-CUMYL.AMID0.CR0T0NIC ACID 
Me 30 ,H.^^H.C(Me):CHCO„Et. Formed by the 
action of acetoacetio ether on CgHoMe,(NH 3 ) 
[l:2:4:6] (Conrad a. Lirapach, B. 21, 628). Vis- 
cous mass. Yields on distillation di-cumyl-urea 
and a quinoline derivative. 

Methyl ether MeA'. [60°]. Formed by 
the action of methyl acetoacetate on i['-cumidine 

i Conrad a. Limpach, B. 21, 528). White crystals 
from alcohol). Yields a quinoline derivative on 
listillation. 

CUMYL-ANGELIC ACID C„H,A i.e. 
C„H,(C3H,)CH:CEt.C0,H. [123°]. From cuminic 
I aldehyde, butyric anhydride, and sodium buty- 
rate (Perkin, u. J. 31, 403). Needles (from al- 
cohol). Forms a crystalline dibromide. 

CUMYL BROMIDE v. Bromo-cumenb. 

CUMYL CHLORIDE v. CnLORo-coMENB. 
CUMYL-CROTONIC ACID C.^H.^O, t.s, 
C„H,(C.,H,).CH:CMe.CO,H. [91®]. From cuminic 
aldehyde, propionic anhydride, and NaOAc (Per- 
kin, C. J. 31, 403; 35, 137). Nodules (from al- 
cohol) or prisms (from light petroleum).— AgA' ; 
bulky pp. 

Di-6rowiifcC„H^(C3H,)CHBr.CMeBr.CO,H. 
[140°-150®]. Prisms. Converted by KOH into 
allyl-isopropy] -benzene. 

il^-CUMYLENE-w-DIAMINE C,HMe,(NH2), 
[l:.'l 1:2:6]. [84°]. Formed by reduction of nitro- 
i/z-cumidinc (from tri-nitro-i|'-cumene) or of the 
corresponding nitro-i]'-cumidine sulphonio acid. 
Long thick needles. FcaCl, gives a dark red 
colouration. Gives the Bismarck-brown and 
chrysoidino reactions. The hydrochloride forms 
white plates (Mayer, B. 20, 970). 

Isomerides v. Di-amido-cumenb. 

CUMYLENE BROMIDE v. Di-uromo-cumenb. 
DI-il^-CUMYL-ETHYLENE-DI-KETONE 
[6:4:2:!]. C«H,Me3.CO.CH,.CH3.CO.C,a,Me, 
[1:2:4:5]. [120°]. Formed by the action of suc- 
cinyl-chloride upon i|'-eumene (over 2 mols.) in 
I presence of ALCh. On oxidation it gives tri- 
methyl-benzoic acid [150°] (Claus, B. 20, 1378). 

I i|.-CUMYL»ETHYL-KETONE-a;-CARBOXYLIC 
ACID CJI,Me,.CQ.CH3.CH3.C02H [6:4:2:!]. 

I [105® uncor.]. Its chloride is formed by the 
I action of succinyl chloride (1 mol.) upon i}>-cumene 
! (1 mol.) in presence of Al^Clg. Small colourless 
crystals (Claus, B. 20, 1378). 

il^-CUMYL-HYDRAZINE C,H,(OH,,)3.NH.NH3 
[1:3:4:6]. [120°]. Formed by reduction of the 
sulphite of diazo-pseudo-cumene with zinc-dust 
ami acetic acid, and heating the sulphite which 
is formed with dilute IICl (Haller, B. 18, 91). 
Colourless needles, v. sol. alcohol and ether, 
nearly insol. yater. By boiling with aqueoua 
CuSO. it is converted into pseudo-cumene. 
CUMYLIDENE - ETHYLENE - ANILINE t>. 

Dl - PHENYL - l/^-OUMYL - MBTAPYRAZOL - XHTBA- 
HYDRIDB. 

CUMYLIZIN-AOETO- ACETIC ETHEB 
Aceto-aobtio-kther-cumyl-hydrazidb. 

DI-CUMYL DI-KETONE is Cuminil v. Ou- 

lONIO ALDEHYDE. 

CUMYL PROPYL-BENZYL KETONE ig J>|, 

occy-cmniw'in v. Cuminio aldbbydx. 
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^f^.CTTMYL MESOAPTAN i.e, 

C,H,Me,{SH) [1:2:4:6]. [87'']. (235^^). Formed 
by reduction of ^-cumene sulphonio chloride 
Beilstein a. Kdgler, A. 137, 822). Laminie 
from alcohol).— (C^aMejS),]^ : needles (from 
alcohol) (Radloff, B. 11, 32). 

CUMYL METHYL KETONE C«H,Pr.CO.CH,. 
(253'^ i.V.). S.G. ^ -976. From cumene, AcCl, 
and AljCl, (Widmann, B. 21, 2226). 

Oicim C,H,Pr.O(NOH).CH,. [71°]. Trime- 
tric tables (from ligroin). 

^-CUMYL-PEOPIONIC ACID 
C.H,(C,H,).€Il2.CH2.CO.,H. [76°]. From ciimyl- 
acrylic acid and sodium-amalgam or HI (Perkin, 
C. J. 31, 388 ; Widmann, B. 19, 2773). Laminte 
/from ligroin).— AgA'. 

ip - CUMYL DISULPHIDE (CJI,Me,)jSj. 
[115°]. From »|/-cumyl mercaptan and t/^-cumene 
sulphonic acid in alcohol (Hadlotif, B. 11, 32). 

DI^-CUMYL-THIO-UREA 
SC/NH.CgHjMej),. [146°]. Formed by heating 
(^-cumidine (224°) with CS^. Prismatic crystals. 
Sol. hot alcohol, si. sol. etljer, insol. water 
(Engel, B. 18, 2233). 

tff - CUMYL-UEEA OgH.Me,.NH.CO.NH,. 
Formed by mixing aqueous solution of (o-)-cumi- 
dine hydrochloride and potassium cyanate. White 
needles. Sol. hot alcohol, si. sol. ether, insol. 
water. Decomposes at c. 227° without melting, 
evolvingNHj and giving di- (tr) -cumy 1-urea (Engel, 
B. 18, 2232). 

o-Cumyl-urea [2:1] CgH,Pr.NH.CO.NHj. 
[134°]. Small needles (Constam a. Goldschmidt, 
B. 21, 1167). 

jj-Cumyl-nrea [4:1] C,H,Pr,NH.CO.NH,. 

[132°]. Slender needles (C. a. G.). 

Di - - oumyl - urea OC(NH.C^H,Me,).. 

[above 290°]. White silky needles. Sublimable. 
SI. sol. aloohoL Formed by heating the inono- 
cumyl-urea, NH, being evolved (Engel, B. 18, 
2233). 

Di-i/'-cmnyl'Urea 

Me,C,H.,NH.CO.NH.CgH2Me, [above 300°]. Is 
a pioduct of the distillation of the ethyl or 
methyl ether of i|/-cumyl-amido-crotonic acid 
CgHjMeg.NH.CMeiCH.COsH (Conrad a. Lim- 
pach,jB. 21, 628). White needles, insol, ordinary 
solvents. 

CUPREINE V , Cinchona bkses. 

CUFEONINE V. Nakcotine. 

CUBABINE CigHjjN (?) Occurs as sulphate 
in curara or urari, a resinous arrow-poison used 
by the South American Indians, and baid to be 
obtained by boiling a climbing plant of the genus 
Strychnos with water. Deliquescent prisms; 

V. sol. water and alcohol, ra. sol. chloroform, 
insol. ether. It is coloured red by cone. 
HjSO^. HNO, gives a purple-red colour. K^SO, 
and H2SO4 give a violet colour like that from 
strychnine.— B'ijHjPtCl, : yellowish white pp. 
— Pier ate B'C^H2(N0j30II : yellow pp, 
(Honlin a. Boussingault, A. Ch. [2] 39, 24; 
A. von Humboldt, A. Ch. [2] 39, 30; Pelletier a. 
P6troz, A. Ch. [2] 40, 213 ; Pelouze a. Cl. Ber- 
nard, C. B, 81, 663 ; 40, 1327 ; Reynoso, C. R. 
89, 697; Pelikan, C. R. 44, 607; Milleroux, G. B. 
47, 973 ; Preyer, BL [2] 4, 238 ; Dragendorfl, Z. 
[2] 3, 28; Bert, C. C. 1863,968; Schnetzler, 
N. Arch. ph . nat. 24, 818; Fliickiger, N. ReperU 
Pharm. 22, 66; Koch, 0. 0* 1871, 219; Salomon, 


Fr. 10, 454 ; Bcebm, C. 0. 1887, 620 ; Sachs, JL 
191, 264 ; Olliers, J. Ph. [6] 11, 663). 

CURCUMIN C,<H„0,. [178°]. The colour- 
ing matter of turmeric root, from which it 
may be obtained by extracting with ether 
after removing an oil by ligroin (Vogel, Schw. J. 
18, 212 ; Pelletier a. Vogel, J. Ph. 1815, 269 ; 
Vogel, jun., A. 44, 297 ; Daube, B. 3, G09 ; 
Schiitzenberger, Bl. [2] 6, 194 ; Jackson a. 
Menke, Am. 4, 79; 6, 77; P. Am. A. 17, 110). 
Stout needles (from alcohol) ; nearly insol. water, 
benzene, CS^, and ligroin ; sol. HOAc, alcohol, 
and ether. Its ethereal sq^ution exhibits green 
fluorescence. Its alkaline solutions are brown, 
but it is reppd. unaltered bv acids. Salts of Ba, 
Ca, and Pb give brown pps. in the alkaline 
solution. Paper stained with curcumin and 
moistened with boracic acid becomes, according 
I to Daube, orange after drying ; turmeric paper 
b 'Comes crimson under these conditions ; in 
either case the colour is turned bluish-lilack by 
alkalis. Treatment with bpracio acid and cono. 

gives ‘ roBOcyanin,’ of which the solu- 
tions are magenta and the metallic salts blue. 
Cliromic acid mixture oxidises curcumin to tero- 
phthalic acid (Gajevsky, B. 6, 190). According to 
Kachler {B. 3, 713) distillation over zinc-dust 
yields anthracene. 

Metallic derivatives CjjHiaKO,: very 
dark crimson amorphous body, sol. water and 
alcohol. — CijHi-.KD,: orange-red needles, sol. 
water, insol. ether. Long boiling with EtI forma 
a di-ethyl derivative. 

Acetyl derivative C,JI,3Ac04. Brown 
mass, sol. alcohol and HOAc, si. sol. ether and 
benzene, insol. CS^. 

Diacetyl derivative [164°]. 

Formed by heating curcumin with AOjO and 
NaOAc. Yellow trimetric plates. Cone. H2SO4 
forms a blood-red solution with green reflex. 

p-Bromo-benzyl derivative 
C,4H,3(C^.H3BrMe)04. [78°]. Frop potassium 
curcumin and jp-bromo-benzyl bromide in alco- 
hol. Yellow crystals, sol. alcohol and HOAo. 
Oxidised by KMnO, to vanillin. 

CUSCAMINE V . Cinchona bases. 

CUSCONIDINE V . Cinchona babes. 

CUSCONINE V . Cinchona b\ses and Aricine. 

CUSPARINE C,«H„N03. [92°]. An alka- 
loid present in the Angostura bark (from Cus- 
paria fehrifuga^. An ethereal solution of this 
bark yields with oxalic or sulphuric acids 
pps. of the corresponding salts as yellow crys- 
talline substances, which yield on decompo- 
sition the alkaloid. Long colourless needles, sol. 
petroleum. Decomposed by potash into an 
aromatic acid, and another alkaloid [250] (K6r- 
ner a. Bohringer, G. 13, 363; cf. Saladin, 

J. chim. medr 1833, 9, 388 ; Herzog, Ar. Ph. [2] 
93. 146). 

Salts. — The sulphate, hydrochloride, 
and oxalate are sparingly soluble, the tar- 
trate is readily soluble in water. The platino* 
chloride is an orange yellow pp. 

CYAMELIDE v. Cyanic acid. , 

CYAMELURIC ACID v. Cyanic aou>« 

CYAMIDO- = Oyanamido-. 

CYAN AMIDE v. Cyanio acid. 

Di-oyan-diamide v. Cyanic Aom. 
CYANAMIDE-CABBOXYLIC ACID 
” Cy.NH.CO2H. Only some salts of this dibasic 
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acid are kno\m (0. Meyer, /. jv. 126, 419). The 
acid, when liberated, splits up i«to 00, and 
oyanamide. 

Salts. — OyNNa.OOaNa. Formed by passing 
carbonic acid into a boiling alcoholic solu- 
tion of sodium oyanamide: 20yNNaH + 002 
=» CyNHj + CyNNa.GOjNa. Amorphous powder, 
insoluble in alcohol, soluble in water. May be 
obtained in groups of microscopic needles by 
dropping its aqueous solution into alcohol. Con- 
verted by fusion into the isomeric sodio oyan- 
ate. — CyNK.COjK. Got by passing COj into boil- 
ing alcoholic potassy cyanamide. Eesembles the 
foregoing sodium salt. — {CyN(C0j)|Ca,5aq. In 
a similar way from calcium cyanamide, bypass- 
ing COj into its alcbholio solution. Thin white 
needles, slightly soluble in water. Its aqueous 
solution is decomposed by heat into CaCO., and 
oyanamide. — { CyN (CO J | Sr, 2 laq. Gritty crys- 
talline powder, resembling the calcium salt. — 
{ CyN^Oj) j Ba, l^aq. Resembles the strontium 
salt. , 

Reactions. — A solution of the potassium salt 
gives : — 1. With silver nitrate a pp. of silver 
cyanamide and evolution of C0^.~2. With basic 
lead acetate a white pp. of lead carbonate, cyan- 
amide being in solution. 

Ethyl ether CN.NH.CO^t. From cyan- 
amide di-carboxylic ether and alcoholic KOII 
(Bassler, J. pr. [2] 10, 146). Syrup. Readily 
polymeriso.s. -B''2HC1 : crystalline powder, v. 
sol. water ; converted by boiling water into allo- 
phanio etlier.— CN.NNa.CO,jEt [241°] : needles ; 
split up by heat into NaCyO and EtN.CO. — 
CN.NK.COjEt. [109°]. Converted by EtI at 
150° into CN.NEt.CO.Et (213°).— 
HO.Cu.NCy.COjEt.-CN.NAg.COaEt. 

Cyanamide di-oarboxylio ether 
CN.N(CO,Et),. [33°]. From sodium cyanamide 
and Cl.CO.^Et (Basaler, J.pr. [2] 16, 131). Prisms. 
Insol. water. Boiling water decomposes it into 
CO^, aloohoL and cyanamide carboxylic ether. 

CYANAMIDO-BENZOIO ACID 

CN. NH.C,H,.CO,H [1:3]. [above 200°]. Flat 
lioarly needles (containing ^ aq). Sol. hot water, 
alcohol and ether, nearly insol. cold water and 
benzene. Formed by the action of cyanogen 
chloride on an alcoholic solution of m-amido- 
benzoio acid. 

Reacfio/is.— Heated with baryta-water to 
140° it decomposes into wt-amido-benzoio acid 

CO, .„ and NHj. It is not altered by boiling with 
water, and only slowly with NaOH. Heated to 
140° alone it evolves cyanic acid leaving a white 
amoi'phous insoluble substance. Boiled with 
dilute HCl it is converted into m-uramido- 
benzoicacid. With ammonium sulphide it gives 
w-thio-uraraido-benzoio acid. On heating the 
barium- salt polymeric substancf^a are formed. 
It combines with aniline to form a di-phenyl- 
guanidine-carboxylio acid. 

SnZfo.— The salts of the alkalis, alkaline 
earths, and of Zn, Hg, Ni and Oo are easily 
soluble. Fe^Clfl gives a yellow amorphous pp. 
AgNO, gives a white gelatinous pp. and OuSO* 
gives a brown flocculent t>p. (Traube, B. 16, 
2118). 

DICYANAMIDO-BENZOTL v. vol. i. p. 165. 

p-CYANAMIDO-PHENYL-AOETIO ACID 
CN.NH.O«H,.OH,.CO H. [134°]. Foraed by the 
action of cyanogen chloride on 27-ainido-phenyl- 


acetic acid in alcoholic solution (Traube, B'. 16, 
2121). Oolourless plates or tables. V. sol. 
water, alcohol and ether. It is very unstable. 
Dilute HOI converts it into j^-uramido-phenyl- 
acetic acid. OUSO4 gives a brown pp. soluble 
in alcohol. 

CYifNANILINE (C.HjNHJaOjNj. 

Formation. — ^By the action of aniline upon 
oximido-ether : 

EtO.C(NH).0(NH).OEt 2PhNH2 
PhNH.C(NH).C(NH).HNPh + 2HOEt (Senf, 
J. pr. [2] 35, 614). 

Preparation. — 1. Aniline (1 pt.) is dissolved 
in alcohol (5 pts.) and cyanogen Is passed in 
(Hofmann, A. 66, 129 ; 73, 180). — 2. Aniline 
(lOg.l is dissolved in alcohol (30g,) and water 
(60g.) is then added. On passing cyanogen gas 
into the solution cyananiline separates; it is 
purified by solution in dilute HjSO, and reppn. 
by NHj (Sonf,V.pr. [2] 35, 614). 

BeacHons. — 1. Dry nitrous acid gas passed 
into ether containing cyananiline in suspension 
forms the nitrate B"2HN03. Nitrous acid gas 
passed into a solution of cyananiline in 65 p.c. 
acetic acid forms oxanilide, (I, 3, 4)-di-nitro- 
phenol, and phenyl-carbamine. Nitrous acid 
gas passed into a solution of cyananiline in 
glacial HOAc forms the same products, and 
also di-p-nitro-oxanilide.— 2. Sodium amalgam 
forms NH„ aniline, and formic acid.— 3. Bro- 
mine in chloroform solution at 0° forms un- 
stable amorphous OnH„N4Br5, which is prob- 
ably(C,H4Br.NH.0(NH).C(NH).NH.0«H,Br)HBr, 
being reduced by SOjjAqto di-bromo-cyananiline. 
Bromine in boiling glacial HOAc forms di-p- 
brorao-cyananiline. Bromine-water forms tri- 
bromo-aniline.— 4. Mel at 120° gives dimethyl- 
aniline.— 5. Phthalio anhydride gives phthal* 
anil, 0,H,(0,0,)NPh (Senf, /. pr. [2] 35, 527). 

Salts.— B"2HN05: [192°]; decomposed on 
melting, with evolution of phenyl-carbamine.— 
B"H,Clj.-B"H.,PtCl«.-B"2HAuCl4.-B 'H.Br.^. 

Di-p-bromo-cyananiline CnHpN^Brj i.s, 
C4H4Br.NH.C(NH).C(NH).NH.C,H,Br. [245°]. 
From cyananiline and bromine *, or by the union 
of p-bromo-aoiline and cyanogen (Senf, J. pr. 
[2] 35, 630). White plates (from alcohol). 

CYANATES (METALLIC). Cyanic acid has 
the composition IICNO ; several isomerides of 
this composition may exist (v. Cyakic acid). The 
metallic cyanates dre probably salts of the acid 
NC.OH. A polymerido of cyanic acid, HjO,NsO„ 
exists; this acid is known as cyanuric acid. 
Isomerides of this composition are possible; 
cyanuric acid very probably has the constitution 
(CN)j(OH), {v. p. 310), and the metallic cyan- 
urates are salts of this acid (v. Cyanubatks). 
Another polymeride of cyanic acid is also 
known, Cyamelide {v. Oyanio acid). 

Cyanates. Metallic cyanates are most pro- 
bably all salts of the acid CN.OH. They are 
produced in tne following among other reactions : 
(1) by passing cyanogen into solution of an 
alkali or alkaline earth ; (2) by heating alkaline 
/)arbonates to low redness in cyanogen, or with 
mercuric cyanide ; (3) by fusing alkaline cyan- 
ides or fcrrocyanides with an easily reduced 
oxide, such as PbO,,, or with a nitrate ; (4) by 
electrolysis of KCNAq; some cyanates are ob- 
tained from KCNOAq by double decomposition. 
Most metallic cyanates are soluble in water, the 



oyanatesof Oa, Pb,Hg, and Ag are only slightly 
Bpluble. Alkali oyanates are not decomposed 
by heating to dull redness in dry air ; in moist 
air they give carbonates of NH^ and the alkali. 
Gyanates of the alkaline earths, and of most 
heavy metals, are decomposed by heat to COj 
and cyanide of the metal (u. Drechsel, pr, [2] 
16, 201). Acids decompose cyanates, forming 
CO.^ and NH3, sometimes with a little un- 
changed cyanic acid ; some acids ppt. solid K 
oyanurate from KCNOAq. 

Ammonium cyanate (NHJCNO. Obtained 
by passing NH, into an ethereal solution of 
HCNO, or hy bringing together dry NH, and 
HCNO vapour. Very soluble in water. Easily 
changed into its isomeride urea (Liebig a. 
Wdhler, P. 20, 309, 395 ; A. 69, 291). 

Potassium cyanate KCNO. S.G. 2 05. H.P. 
[K, C, N, 01 = 102,300; [KCN, O] - 72,000; 
[KCNO, Aq]= -6,200 (Berthelot,„0. P- 91. 82); 

Formation. — 1. By heating KCN in air, or in 
presence of an easily reduced oxide.— 2. By 
passing cyanogen into KOHAq, or over heated 
KjCO, (Wdhler, O. A. 73, 157).— 3. By electro- 
lysing KCNAq (Kolbe, A. 64, 2.16).— 4. By deda- 
grating KNO3 with K,Fe(CN)^, or Hg(CN).i, or 
nitrogenous charcoal (W., Q. A. 73, 157). 

Freparation. — 4 parts dry pulverised 
K4Fe(CN)a are mixed with 3 parts dry pulverised 
KjCiyO, ; a little of the mixture is placed in a 
porcelain or iron dish, which is heated consider- 
ably below redness until the mixture becomes 
like tinder and blackens ; the rest of the mix- 
ture is then thrown in little by little, each quan- 
tity being allowed to blacken before the next is 
added (complete oxidation of KCN to KCNO is 
thus ensured). After cooling, the contents of 
the dish are added to successive quantities of 
boiling alcohol, as much being added to each 
quantity of alcohol as suffices to saturate the 
latter ; the alcoholic solution is cookd, and the 
crystals of KCNO are dried between paper, and 
then in vacuo over H.^SO^. The yichl is about 
42 p.c. of the K,Fe(CN),( used ; if carefully con- 
ducted the KCNO contains about 1 p.c. impuri- 
ties (Bell, C. N. 32, 99 ; modification of method 
of Liebig a. Wohler, A. 38, 108 ; 41, 289 ; v. also 
Clemm, .4.66, 382). 

Properties. — Small colourless odourless 
laminaj, resembling KCIO3 ; fuses below redness 
to a colourless liquid, solu^de in water, fairly 
soluble in boiling hydrated alcohol ; insoluble 
in absolute alcohol. 

Reactions.— 1. Unchanged by }ieat\ but if 
water is present the salt is decomposed to KUO, 
and NH,. — 2. Reduced to KCN by heating in 
hydrogen^ or vfiih. potassium, irony or carbon.— 
3. Melted with sulphur gives K..S, KSCN, and 
K2SO4. — 4. Sulphuric acid forms K.B and 
KSCN with some NHj, sulphide,— 5. Heated in 
hydrochloric acid gas, KCl and NH ,C1 are formed. 
6. Sodium amalgam reacts with a neutral solu- 
tion to produce formamide (HCO.NHJ. 

The other oyanates have not been much 
studied. Insoluble cyanates, e.g. of _Pb or Ag, 
may be obtained by proceeding as directed for 
preparation of KCNO, but exhausting the heated 
mass with very cold water, removing K-^CrO^ by 
Ba(NO,) Aq, and ppg. by solution of a nitrate 
of the metaL The following oyanates have been 
isolated. 


Barium cyanate Ba(ONO), (Wdhler, A. 
45, 357). By adding alcohol to a mixture of 
KCNOAq anft Ba acetate ; crystalline. 

Calcium cyanate has not been crystallised ; 
obtained by passing HCNO vapour into milk of 
lime. 

Cobalt-potassium cyanate Co(CNO),.2KCNO 
(Blomstrand, J. pr. [2] 3, 207). Dark blue 
quadratic crystals ; obtained by adding KCNOAq 
to Go acetate solution. 

Copper cyanate, not crystallised ; by mixing 
solution of Cu acetate and Ba cyanate. 

Lead cyanate Pb(CNO)., (WOhler, O. A. 73, 
157 ; Williams, J. pr. 104^ 255). Crystalline, 
nearly insoluble in hot water. 

Silver cyanate AgCNO ^W., O. A. 73, 157). 
By adding AgNO^Aq to KCNOAq; S.G. 4*0; 
somewhat soluble in boiling water ; dissolved 
and decomposed by dilute HNO,Aq; decom- 
Iiosed by heating, to Ag mixed with C and some 
N. Soluble in Nn,Aq» giving a double com- 
pound which loses NH, in the air. • 

Sodium cyanate NaCNO.e Resembles KCNO ; 
crystalline. 

Thallium cyanate TICNO ; tablets, sol. water, 
insol. alcohol (Kuhlmann, A. 126, 78). 

M. M. P. M. 

CYANBENZINE v. Paranitrile of Phenyl 

ACETIC .\CID. 

CYANBUTINE v. Paranitrile of Valerio 

ACID. 

CYANCONIINE (205°). S.G. -93. 

Cyanothine heated with HCl gives ‘oxy-cyan- 
coniino ’ (v. infra), whence PCl^ forms ‘ chloro- 
cyanconiine,’ which is reduced to cyan -coniine. 
This mime is given to the base by E. v. Meyer 
(/. pr. [2J 22, 286), although it is not formed in 
any way from coniine. 

Propel tics . — This base dissolves somewhat 
I in water, forming an alkaline liquid, but it sepa- 
rates again if the solution is wanned. It is a 
coloiirkss liquid of narcotic odour It boils at 
205°. It is volatile with steam. It^’s poisonous, 
and its physiological effects resemlile those due 
to coniine. Its aqueous solution gives with silver 
chloride crystalline needles of a double salt! 
B'HgCl,, laq. [c. 90°]. 

Combinations. — 1. With ethyl iodide at 100° 
f(/rm.s a compound, whence by AgCl and PtCl4 
sharp yellow prisms of (B'EtCl)„PtCl4 may be 
got. —2. With acetyl chloi ide it gives unstable 
needles, probably B'AcCl. 

Reactions. -Reduced by Zn and HCl to a 
new base C,sH,uN4, which forms a zinc double 
salt (E. V. Meyer, J.pr. [2] 26, 340). 

Oxy-cyanconiine CflH, iN^O. [167°]. S. *75 
at 25°. S. (alcohol of 90 p.c.) 8 at 18°. 

Preparation. — 1. This base is got by heating 
(20 g. of) cyancthine* [g. v.) with cone. HCl 
(30c.c.) for 3<3r8. at 190°. The product is eva- 
porated, mixed with ammonia, and the pp. crys- 
tallised from water. — 2. It may also be got by 
passing NjO, into a solution of cyanethine 
in glacial acetic acid (v. Meyer, J. pr, [2] 26, 
3-12). 

Properties. — Bunches of glittering needles 
(from water), long stftated prisms (from alcohol), 
or dendritic aggregates (by precipitation). May 
be sublimed. Sol. chloroform, benzene, and 
ether. 

Reoefiona.— 1. Heated with ethyl iodide it 
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iotmtt a syrup, T^henoe by snooesBive treatment I 
with AiggO, KOI, and PtOlf, trimetrio c^stals of 
(B'EtC^iPtCl, are formed. Hence it is a tertiary 
base.— a. With acetyl chloride forms a peculiar 
compound B'AcOl, not decomposed by ammonia 
(M.)*— 3. Not affected by boating with AoP at 
180^-4. With POl, at 140° it gives off HCl. 
Product shaken with solution of NaOH and 
extracted with ether, is found to be an oil 
C^HijN^Cl. This reaction looks as if the base 
contains hydroxyl. It is converted by NH, at 
220° into oyanethine : C.H,sNjCl + 2NH, 

« NH^Cl + 0,11,, Nj.N]^. Alcoholic potash 
rapidly removes its chlorine forming a new base : 
C,H,,N,C1 + KOEt - KCl + C„H, 3 N,.OEt. The 
new base is an oil smeWing of herbs and boiling 
at 230°. Its platinum salt crystallises in octa- 
hedra (B'HCl)j 2 PtCl 4 . Heating with fuming HCl 
at 210° it is converted into the original oxy -cyan- 
coniine : OBH, 3 N,OEt + HCl --= EtCl + C^H^N^O. 
These va:(ious reactions point to the presence of 
hydroxyl in oxy-oyanc^iine and of amidogen in 
cyanethine. The chlorinated base C„H„C1N2 
may be reduced by Zn and HCl. The zinc 
double salt of a new base is thus got : 
ZnCl2,C,«H3„N,2HCl. If this salt be treated 
with solution of NaOH and shaken with ether, 
the ether leaves, on evaporating, cyanconiine 
CjH„Nj, in the form of an oil. The base 
C,gHgaN.„ which is first formed in the reduction 
of chloro-oyanconiine, is readily oxidised by 
Ag;0 to cyanconiine. — 6. With ClCO^Et oxy- 
cyanconiine forms a liquid carboxylic ether, 
which is decomposed by cone, mineral acids 
into the oxy-baso COj and alcohol (E. v. Meyer, 
J.p. [23 80, 121). 

Halts. — Sol. water. Solutions acid to lit- 
mus. - B'HCl (at 110 °).-(B'HCl) 2 PtClg.- 
B'HNO,.— BK^CjOg. Prisms. 

Oxy-cyancouiine can occasionally act as an 
acid, for it forms a silver salt CgHjjAgN^O, sol. 
HNO.andNHg. I 

Methyl derivative CJIuMoNjO. [77°]. 
(27(i"), S. 8 at 18°. Mel (fi pts.) is heated with 
oxy-ryanconiine (2 pts.) at 150°. Crystals of 
C.ili.M.'N.p,!!! are got. NaOH sets the base 
fioe. It forms white needles. Insol. potash. 

Salts. — (B'HCl), PtClg: yellow trimetrio 
prisms. — HgCl^B', .laq : needles grouped in 
stars. 

Klhyl derivative C^HuEtN^O. [43°J. 

( 208 °). 

Salt 3 .~(B'HCl) 2 PtClg: tablets.- 
HgCl,,B', ),aq. 

Ethylene derivative CgHglCgHuNjO),. 
[151°]. S. -01 at 24°. Prom ethylene bromide 
(7 pts.) and the base (2 pts.) at 170°. 

Salt.-B"{HCl) 2 PtCl,: prisms. 

Constitution. — Since methyl-, §tliyl-, and 
cthylene-oxy-cyanconiine areinsol. strong potash, 
it would appear that the alkyls have entered an 
bydroxyl (E. v. Meyer, J.pr. [2J 26, 352). 

Ibis is not the hydroxyl corresponding to the Cl 
of chlorc-oyanconiine, because the product of 
the action of KOEt upon it is a different bodv 
to the ethyl -oxy-cyanconiin(> here described. 
Nevertheless, EtI and Mel acting upon oxy- 
jyanconiine in presence of alcoholic potash form 
die above ethyl- and methyl-oxy-cyanconiines. 
The isomerio methoxy-cyanconiine from 
ind ohloro-oyanoonihie boils at U26 , The 


ethoxy-base boils at 230°. E. v. Meyer thinks 
the isomerism can be explained thus ; 
ethoxy-cyanconiine C^H, ,N,,(OEt) 
ethyl-oxy-cyanconiiue OuH,„N (NEt){OH). 
CYANETHINE C^H.^Nj. [100°]. B. *073 at 
17°. S. (alcohol of OOp.o.) 5*8. According to 
E. V. Meyor (/. pr. [2] 35, 84) cyanethine is 
not the paranitrile of propionic acid C^N^Et,, 
since this body, obtained by reducing a-di-chloro- 
propionic nitrile, has quite other properties. 

PreiMirafwm.— Propionitrile (240 g.) is added 
gradually to sodium (30 g.), in a flask full of 
carbonic acid. A violent reaction occurs a few 
minutes after the addition of each portion. The 
excess of propionitrile is distilled off. The re- 
tort is broken up and the contents treated with 
water. The insoluble cyanethine is cry.stal- 
lised from 90 p.c. alcohol. The yield is 60 p.c. 
(Frankland a. Kolbo, C. J. 1, 69 ; E. v. Meyer, 
J. pr. [2] 22, 262).* One third of the sodium be- 
comes sodio cyanide ; for every molecule of 
sodic cyanide formed one molecule of ethane is 
given off. If ether be used as a diluent, there 
is formed an intermediate product Me.CHNa.CN, 
which on being treated with water yields an 
oil which gradually crystallises, and has the 
same percentage composition as cyanethine, but 
is polymeric with it [48^] (258°). The compound 
Me.CHNa.CN, heated with propionitrile to 150°, 
yields cyanethine (E. v. Meyer, /. pr. [2] 37, 412). 

Properties. — Monoclinio crystals (from 
alcohol). 

Reactions.— 1, With ethyl iodide at 160° 
forms B'Etl, a syrup, whence by moist Ag^O an 
alkaline liquid may be got, and on adding HCl 
and PtCl 4 a well crystallised double salt 
(B'EtCl) 2 PtCl, is obtaini'd. But if the iodide bo 
treated with Ag.O, and the resulting alkaline 
solution be shaken with ether, the latter is found 
to contain ethyl-cyanethine C^HpEtN,. _ [45°]. 
(260°).— 2. Excess of strong hydrochloric acid 
converts it into cyanconiine C^IIj^N, + H,0 + HCl 
= H,NCl + CjiHjjON,. It is precipitated by ain- 
nionia.— 3. This same body is formed bypassing 
N .Oj into a solution of cyanothino in glacial 
! aceticacid. —4. With CIGO ,Et it forms cyanethine 
e.'.rboxylic ether CuH, 3 N,,NH(CO,,Et). This is a 
solid which melts at a* low temperature and 
boils at (217°). It is converted by boiling 
alkali into cyanethine, alcohol, and CO,. Its 
aqueous solution gi\<:s, with AgNOj, a pp. 
C„H, 3 N 2 NAg(C 03 Et), aq. Cyanctliiue carboxylic 
ether is decomposed by aniline with formation 
of an anilide CgHjjNj.NII.CO.NHPh [184°]. This 
is a very stable body, not decomposed by hot 
alcoholic potash, but when heated in a current 
of HOI it gives off phenyl cyanato, becoming 
cyanethine ^ 

C„H„N,.NH.CO.NHPh » O^HijNo.NH^ + CO.NPh 
(E. V. Meyer a. Riess, J. pr. [2] 30, 115), — 
6. Combines at 100° with phenyl cyanate 
C.H,3N,.NH.. CDNPh - C.,HHN.2.Nn.CO.NHPh. 

Salt B.— B'HCl aq.— B'3H_PtCV-B'HN08 : 
large prisms, neutral to litmus. 

Combination. — B'^AgNO, (at 120°): crystal- 
line pp. 

Mono-acetyl derivative CgHj^AcNy 
15901 

Tri-ohloro-oyanethlne 0 »H,. 301 ,Ns. [110°] 

Obtained by passing Cl into a solution of cyan- 
ethiue 'In chloroform. Resembles tri-broiuo* 
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eyanethine in its properties. NgO. passed into 
its solution in glacial acetic acid forms tri> 
ohloro-oxy-oyanooniine O0Hja(OH)Gl,N2 [132®]. 
This latter may be rednoed by ^ to the oxy* 
cyanconiine. 

Bromo-oyanetbine OgH|4BrN,. 

Prejwrafiow.— Oyanethine (30 g.) is dissolved 
in HBr and an equivalent of Br (SO g.) is added. 
A perbromide of hydrobromide of cyanethine 
separates as an oil, which soon solidifies. The 
whole is heated in sealed tubes at 100® for 
6 hours. On cooling, crystals of the hydrobroin- 
ide of bromooyanethine separate. The base is 
got by adding NH, to an aqueous solution of 
these crystals (0. Riess, J. pr. [2] 30, 146). 

Pro^rUes, — Needles. Penetrating odour; 
V. si. sol. water. 

Salt B.— B'HNO,. Trimetric.— (B'HCl)jPtCl4. 
— B'HClAuCl,. — B'HBr. 

Reaciio 7 is.—l, Boiled with alcoholic NaOEt 
it forms ethoxy-oyanethine {q. -y.).— 2. Fuming 
HCl at 200® Laplaces amidogen by hydroxyl, 
the product being Ct,H,2BrN2(OH), [171®]. The 
salts of this bromo-oxy-cyanconiine are deconi- 
posed by water. — 3. With aniline at 200® it 
forms 0,H,4(NPhH)N„phenyl-amido-cyanethine. 
This is insol. water, but crystallises from alcohol 
in plates, [125°]. — 4. Zinc and HCl reduce it to 
cyanethine.— 6. NjO, passed into its solution in 
glacial HOAlC forms bromo - oxy - cyanconiine 
[172°] (E. V. Meyer, J. pr, [2] 26, 368). 

Tri-bromo-cyanethine CjHjjBrjN,. [126°]. 
This is formed when bromine acts on cyanethine 
dissolved in chloroform. It forms pearly plates 
insol. water, sol. alcohol, ether, and chloroform. 
It dissolves in strong acids, but is reppd.. by 
water. By passing NjOi into a solution of the 
base in glacial acetic acid, the corresponding 
• tri-bromo-oxy-cyanconiine ’ may be formed : 
C,H,o(OH)Br,N2, [149®], 

lodo-oyanethine CjH^IN,. [162°]. 

Preparation. — Iodine simply combines with 
cyanethine, forming a per-iodide. Substitution 
takes place in presence of HNO,, as follows: 
pyanethine (1 pt.) is dissolved in excess of dilute 
iodine (1^ pt.) is added, and then the 
liquid digested on the water-bath while cone. 
HNOj is run in until all the iodine has dis- 
appeared. From the filtrate NaOH throws down 
iodo-cyanethine. 

Properties. — Sol. acids and dilute alkalis. 
Decomposed by boiling NaOH. 

Sa«.— B',HCl,AuC],. 

Beactions. — 1. Iodine added to its acid solu- 
tions throws down glittering green plates of a 
periodide.— 2. Unlike the chloro- and bromo- 
dorivatives, it is not affected by passing N^O, 
into its solution in glacial acetic acid.— 3. Never- 
theless fuming HNO„ acting upon its solution 
In glacial acetic acid, does produce iodo-oxy- 
oyanooniine: C,H,^,(OH). ^is maybe crys- 
tallised from alcohol. It melts at [157°].— 


4. Dilute HNO, or cone. HCl (at 180°) wn- 
vert iodo-cyanethine into oxy-cyanconiine, 
C;Hj,(OH)N„ [166°] (Riess, J.pr. [2] 80, 168^. 

itcthyl-cyanethine C^iMeN,. [74°] (c. 
267°)* From cyanethine ana Mel at 160° (E, ▼. 
Meyer, J. pr. [2] 26, 848). V. sol. water, form- 
ing an alkaline solution from which it may be 
extracted by ether. It separates as an when 
its solution, saturated in the cold, is warmed* 


Oyanethine itself is very slightly soluble. Methyl- 
cyanethini affects the brain-cells, producing 
muscular contraction. Chloral, chloroform, and 
morphia are antidotes. 

Oombinations. — B'aiAgNO,. Pp. sol. hot 
water, separating as plates. — B',Q3Cl)jPtCl4. 

Reaction. — 1. Heated with HOI at 180° it 
splits up into methylamine and oxy-cyanconiine : 
C,H„Nj(NHMe) + H^O « 0;a„N2(OH) + NH^Me. 

Methoxy - oyanethine CQHi4(OMe)N„ aq. 
[130®]. ResemWes ethoxy -cyanethine in prepa- 
ration, properties, and salts. It also exchanges 
NHj for OH when acted cn byNjOj, the product 
being the mono-methyl derivative of di-oxy- 
cyanconiine C9H,2(MeO)N2(OH). This forms 
the salts: B',HCl,Au01,.— CsH,iAg(MeO)N2(OH) 
(0. RieBS, J. pr. [2] 30, 163). 

Ethoxy-oyanethine CeH,4(OEt)N,. [116°]. 

Preparation. — From sodio ethylate and 
bromo-cyanethine (Riess, J. pr. [2] 80, 148). 

Properties.— Trimotnc plates. SuWimes at 
100°. More soluble in cold than in hot water. 
Its solution is alkaline to test-paper. Separated 
by KOH from its aqueous solution. Sol. alcohol, 
ether, chloroform, and acids. 

Reactions.— 1. An aqueous solution of the 
free base precipitates the hydrates of copper and 
lead from their salts. — 2. N.p, passed into a 
solution of the base in glacial acetic acid forms 
the corresponding ethyl derivative of di-oxy- 
cyanconiine: C,H,2(0Et)N20H. This melts at 
[51°] and forms a silver derivative, 
C„H,iAg(OEt)N,OH.— 3. Heated with cone. HCl 
at 200®, it appears to form di-oxy-cyanconiine : 
C,H,.,(OH),N,, [161®], a silver salt, 
CBH„Ag(OH)‘.Nj, being analysed. 

Salts.— (j3',HCl)2PtCl4.-(B',HCl)AuCl,. 

Combinati ons. — B', AgN 0 j. 

CYANETHOLINE v. supposed Ethyl ether of 
Nonnal Cyanic aoid. 

CYANHYDRIC ACID HCN. (^Hydrocyanic 
acid. Prussic acid. Formoniteile.) Mol. w. 
26-98. [ - 16°]. (For melting-points of mixtures 
of HCN and ILfi v. Gautier, A. Ch. [4] 17, 120). 
(26-5°). S.G. (Tfiquid)at7° = -7068, atl8°-6969. 
V.D. *966 at 40°, -942 at 77°, *936 at 96°, *924 at 
158°, -903 at 198° (Gautier, A. Ch. [4] 17, 119). 

- 1-263 at 17° (Bussy a. Buignet, A. Ch. [4] 
3, 231). /Up for mixture of HCN and H^O 
(17°) (B. a. B., f.c.); ratio 2HCN:H,0- 1*282, 
2HCN:2H20 - 1*297; 2HCN:3H20 « 1*306, 

2HCN:4H20- 1*308. H.F. [C, N, H]»- -27,480; 
[C2N-,H'^] = 10,740 ; H.C. [CNH,0|] » 168,620 
(Th. 2, 389). Heat of neutralisation [HCNAq, 
NaOHAq] = 2,770 [Th. 1, 296). H.V. = 6,700 
(Berthelot, A. Ch. [4] 6, 432). HCy is an ex- 
tremely weak acid ; the affinity is so small that 
the compound can rtjarcely be classed as an acid 
{v. Ostwald#s Lehrbuch allgemeinen Cliemiet 
2, 849). Contraction of volume occurs on mixing 
with water; v = vol. of HCN, v' — vol. of H,0, 
v" “ vol. of mixture ; then (B. a. B., le.). 


Ratio of HON -ja.O v-t-v^-v^ 

T + V 

2:1 *0328 

2:1‘6 • *0641 

2:2 *0608 

2:2*6 ‘0611 

2:8 *0628 

2;8*6 *0686 

2;4 *0468 
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Lowering of temperature occurs on 

ivitb water (B. a. B., lx.). 

1 

IUtloofHON:HA> 

fall of temp. 

2:1 

8*6 

2:1*6 

9 

2:2 

9*25 

2:2*6 

9*25 

2:3 

9*76 

2:3*6 

8*25 

2:4 

7*76 


Maximam contraction and maximom fall of 
temperature occur when the acid and water are 
mixed in the ratio 2H0N:3H20. 

Vapour-pressure of* liquid HON at 18*25® 
- 472 mm. (B. a. B., Ic.). 

Prussic acid was discovered by Soheele in 
1782 ; it was examined by Berthollet, Proust, and 
others ; the pure acid was prepared by Gay-Lussao 
in 1821 (A. Oh. 77, 128; 96, 136). 

Occurrence. — In tpbacco-smoke (Vogel a. 
Reischauer, D. P. J. 148, 231 ; Vohl a. Euren- 
berg, A. 147, 130). Among the products of oxi- 
dation of many carbon compounds by HNOj 
(Gill a. Mensel, Z. 1869. 66). As a product of 
the action of KMnO^Aq on thialdine and analo- 
gous compounds, also of boiling NaOHAq on aro- 
matic nitro- compounds (Guareschi, B. 12, 1699 ; 
Post a. Hiibner, B. 6, 408). As a product of the 
distillation with water of parts of plants contain- 
ing amygdalin (g. o. vol. i. p. 206). 

Formation,--!. By subjecting cyanogen and 
hydrogen to the electric discharge (Boillot, C.B. 
76, 1132); or by heating the mixture to600°-560® 
(Berthelot, Bl 33, 2) ; or by dissolving cyanogen 
in water and allowing to stand (Wbhler, P. 16, 
627 ; V. also Cyanooln). — 2. By the action of the 
induction-spark on a mixture of acetylene and ni- 
trogen (Berthelot, G. B. 67, 1141; Dewar, Pr. 
29, 188 ; 80, 85), or on a mixture of N with hy- 
drocarbons which yield OjHj (Berthelot, Z.c. ; 
Perkin, 0. N. 21, 66).— 8. By rapidly heating 
NH. formate or formamido with P.p^ (Lorin, A. 
132, 265 ; Handl, W. A. B. 32, 252 ; 42, 747 ; 
Hofmann, J. pr. 91, 61).- 4. By burning moist 
methylamine (Tollens, Z. 1866. 516).— 6. By 
passing CHC1| vapour with NH3 through a hot 
tube, or by heating CHCl, and alcoholic NH3 to 
180®-190® (Heintz, A. 100, 369) ; or by mixing 
CHCl, with KOHAq and NH^Aq (Hofmann, A. 
144, 116).— 6. By decomposing IIg(CN)2 by 
HClAq or HjSO.Aq, preferably in presence of 
NH,C1, and purifying by passing through CuCO, 
and CaOl, (Gay-Lussac; Bussy a. Buignet, A. Ch. 
[4] 3, 260).— 7. By decomposing Hg(GN)j by H^S, 
or by shaking with H^SO^Aq and F e filings. — 
8. By decomposing AgCN byllClAq. 

Preparation. — 1. A cold mixture fit 12 parts 
water with 9 parts HjSO* is poured on to 8 parts 
coarsely powdered K4Fe(CN), in a capacious 
flask ; the flask is connected with two bottles 
containing calcium chloride placed in a bath of 
cold water; the exit tube from the bottles passes 
into a dry flask surrounded by snow and salt. 
The mixture is warmed, and BtCN passes into the 
OaCL-bottles ; after about ^ hour the water sur- 
rounding the CaCVbottles is warmed to 80® or 
BO, when dry HON passes into the flask in the 
freezing mixture, and is there liquefied (Pessina, 
Trait4 dc Pharmade de Soubeiran, 3, 887^ qf. 


Wdhler, A. 73, 218). Great care must be taken, 
as HON is frightfully poisonous ; the CaCl, 
used should be dissolved (after use) in a large 
quantity of water, HON is evolved during solu- 
tion. If HGNAq is to be prepared, 10 parts 
k«Fe(ON)g may be distilled with about 4 parts 
H2SO4 and*a convenient quantity of water in a 
flask with very good condenser; the distillate 
may be rectified by distilling over MgO,— 2. A 
solution of HON of determined strength can be 
prepared by mixing KON and tartaric acid in the 
ratio KCN:H2.04H40g with a measured volume of 
water; HCNAq and KH.C4H4O, are formed, al- 
most the whole of the latter is ppd. If 4 parts 
pure KCN are added to 9 parts tartaric acid in 
60 parts water, and shaken in a stoppered bottle 
nearly filled by the liquid, and then allowed to 
stand for 12 hours, the liquid contains 3*6 p.o. 
HCN (Clarke, A. 1, 44 ; cf. Liebig, A. 41, 288). 

Properties.— A* mobile, colourless liquid, hav- 
ing a peculiar and very penetrating odour ; does 
I not redden litmus ; intensely poisonous \ one drop 
of the anhydrous acid is instantly fatal if swal- 
lowed. Inhalation <of minute quantities of va- 
pour suffices to kill, even when mixed with air the 
vapour is extremely poisonous ; soluble in water, 
alcohol, and ether (for temperature and volume 
changes on dissolving in water, v. ante). Evapo- 
ration in air suffices to freeze part of the acid, 
crystals thus formed are transparent orthorhom- 
bic prisms. HCN or HCNAq is unstable; brown, 
humus-like products are formed {v. also Beactions 
No. 2) ; addition of traces of formic acid or a 
mineral acid serves to prevent this decomposi- 
tion. Burns in air with blue flame. HCNAq is 
a very weak acid ; its affinity is almost nothing ; 
cyanides are generally very easily decomposed 
by acids. 

Beactions.— 1. Passed through a tube heated 
to dull redness, H, CN, C, and N arc formed (De- 
ville a. Troost, J. 1863. 307) ; heated to about 
100° HCN forms a black mass, which at a higher 
temperature gives NH, and NH^.CN (Girard, 
C. B. 83, 344) ; passed over red hot iron HCN is 
decomposed intoH,C, andN (Gay-Lussac, A. Gh. 
95, 200).— 2. Even in the cold HCN or HCNAq 
easily undergoes change ; brownish, humus-liko 
bodies are formed ; according to Gnutief {A. Gh. 
[4] 17, 119) perfectly pure HCN does not undergo 
change, but if a trace of NH, is present decoin- 
position proceeds with formation of azulmic acid 
(g. V. vol. i. p. 429). Traces of alkali hasten the 
decomposition of HCN (hence if the CaCL used 
for drying contain CaO the acid produced soon 
begins to change), traces of acids retard the 
change ; among the products is the polymeride 
HgCjN, (v. Tricyanhydrio acid, p. 302). In 
presence of water NH4 formate is produced. 

3. A series of electric sparks passed through 
HCN causes partial decomposition to N and 
OjHj with separation of a little 0, after a time 
the CoHj and N b^gin to recombine. kaeUctr^ 
current passed through HCNAq evolves H at the 
negative electrode with formation of cyanide of 
the*metal forming the positive electrode the 
HCNAq is oono. and mixed with H2SO4, CO, and 
NH, are produced (Sohlagdenhauflen, J. 1868. 
306).— 4. Mixed with oxygen, and brought to a 
flame, violent explosion occurs with production 
of CO«, H»0, N, and traces of HNOv“6. Potas- 
nwmpermangamte in alkaline solution oxidisM 
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HONAq to HONOAq (P6an de Saint-Gilles, A,Ch. 
[3] 66, 374).— 6. Chlorine reacts with HCN in 
aaylight to form CgNaOl* ; with HONAq it forms 
CNCl and HCl (Bisohoff, B. 6, 80). According 
to Wnrtz (A. 79, 280) Cl also forms C3NJCI2.CNH ; 
if the HCN is in alcoholic solution » crystalline 
compound OgHijClNjO* is said to be produced 
(c/. Wurtz, l.c, and Bischoff, l.c.).—7. Bromine 
forms CNBr and HBr. — 8. Iodine with HCNAq 
gives CN and HIAq.— 9. Hydrogen (nascent) 
forms OHsNH;^ ** same compound is produced 
by passing HCN vapour and H over hot spongy 
Pt (Menduis, A. 121, 129 ; Linnemann, A. 145, 
38; Debus, A. 128,200).— 10. Potassium heated 
with HCN gives KCN and H.— 11. Reaction with 
water, v. beginning of this article.— 12. Heated 
with hyd/ri^ic ac^, NH, and CH4 are produced 
(Berthelot, J. 18G7. 347).— 13. Cone, mineral 
acids form formic acid and NHj ; boiling solu- 
tions of alkalis react similarly ; very cone. HClAq 
in the cold produces formamide (Claisen a. Mat- 
thews, B. 16, 308) ; with HCl and alcohols, alkyl 
salts of formib acid are produced (Volhard, A. 
176, 135).— 14. With alkalis in solution, alkali 
cyanide is formed ; on heating alkali formate 
and NH, are produced. — 16. Some metallic ox- 
ides form cyanides and H^O, e.g. ZnO, HgO; 
others give oxy-oyanides, c.g. PbO, CdO ; some 
evolve cyanogen, e.g. PbOj (Liebig, A. 35, 3).— 

16. Some metallic salts are decomposed by 
HCNAq giving cyanides, e.^. many acetates, some 
salts of Ag and Cu, some alkaline carbonates. — 

17. Alkali polysulphides form sulphocyanides. 

Comhmaticms.—l. With water hydrates are 

perhaps formed, but none has been isolated ; the 
contraction and lowering of temperature (v. 
beginning of this art.) point to formation of 
2HCN.3H2O ; the change of M. P. on addition of 
water seems perhaps to indicate a hydrate 
HCN.H2O (Gautier, A. Ch. [4] 17, 120).— 2. With 
hydrogen peroxide to form oxaraide, C.^02(Nn2)3 
(Attfield, G. J. [2] 1,94).— 3. With /iydrogen to form 
CHi,NH..(u. Reactiun.s,'^o.0).—i. With thehahid 
adds : HCN saturated with HCl gas at - 10°, 
and then heated to 35° 40° forms crystals of 
NCH.HCI, insol. ether, sol, water, alcohol, and 
acetic acid; the dry compound dis.sociates in 
vacuo (Gautier, C. B. 65, 410) ; dry HCl passed 
into a mixture of HCN and C^HjO.OCjHj at 
- 10° to - 15° forms white prismatic crystals of 
2NCIH.3HC1, insol. ether, CHC1„ and acetic 
acid, sol. water with decomposition (Claisen a. 
Matthews, B. 16, 308). The compound 

2NCH.8HBr is produced similarly to the hydro- 
chloride (Gal, 0. B. 61, 643 ; Gautier, A. Ch. 
[4] 17, 141 ; C. a. M., l.c.). When HI gas is passed 
into HCN the compound NCH.HI is formed, 
crystallises from alcohol in rhombohedra, sub- 
limes at 300°-400° with but slight decom- 
position; insol. ether, sol. cold water; soon 
changes to HI and NH^ formate (Gautier, C. B. 
61, 880 ; Gal, G. R. 61, 643).- 6. With metallic 
chlorides: anhydrous HCN combines with several 
metallic chlorides with production of much heat; 
the compounds are decomposed by water;' the 
following have been obtained : {!) TiCl4.2NCH 
(WOhler, A. 73, 226) ; (2) SnCl,.2N0H A 

74, 85); (3) SbCl,.3NOH (Klem, Ic.) ; (4) 
Fe.,a^4NCH (Klein, Z.C.). B01,8eem8 to form a 
compound with HCN (m Martins, A. 109, 81). 
6. UCN combines directly with very many 


aldehydes, e.g, with acetic aldehyde it forma 
CjHiO.NCS (v. the different aldehydes). 

Detection and Estimation.—!. Addition of 
KOHAq followed by FeS04Aq containing soma 
ferric salt ppts. Prussian blue mixed with 
Fe(OH)2 and Fe(OH),; addition of HCl dis- 
solves the Fe hydroxides and leaves Prussian 
blue. If there be very little HON or cyanide 
present, a blue-green liquid is formed, which on 
standing deposits bluish flocks. This test will 
detect g^’ain of HCN in a very dilute liquid 
(Taylor, A. 65, 263).— 2. To the liquid to be 
tested are added a fe^ drops of yellow NH, 
sulphide, the liquid is evaporated on the steam- 
bath, (NH4)SCy is thus termed ; a few drops of 
water are added and a drop of FeaClgAq, when 
blood-red Fe(SCy)., is formed. This test will 
detect grain HCN in a very dilute liquid 
(Taylor, Ic.).— 3. AgNOjAq pps. white AgCN, 
e. sol. NHjAq, unblackenod by light, sol. cone, 
boiling HNOj with evolution of CCTj. Other 
tests are founded on (4) the insolubility o£ 
Cu,(CN )2 in dilute HClAq (Lassaigne, A. Gh.27, 
200) ; (2) the production of a blood-red colour 
on heating KCNAq with picric acid (Braun, Fr. 
1864, 464 ; Vogel, C. G. 1866. 400 ; (3) the blue 
colour produced by Cu salts with tincture of 
guiacum in presence of HCN (PchOnbein, Fr, 
1869. 67 ; Vogel, l.c. ; Eckmann, Fr. 1870. 429 ; 
Link a. Mockel, Fr. 1878. 455). Insoluble 
cyanides may be fused with dry Na2S203, 
dissolved in water, and tested with Fe.^CljAq 
(Frohde, C. C. 1863. 698). In cases of suspected 
poisoning, HCN is separated by distillation after 
acidifying the matter with tartaric acid. (For 
details, a manual of analysis must be consulted.) 

HCN may be estimated by ppg. as AgCN, 

; from solutions slightly acidulated by HNO3, by 
I addition of AgNO, ; haloid acids must be absent; 

I the pp. is washed, dried at 100°, and weighed, 
i Liebig’s volumetric method may be used when 
' haloid acids are present (A. 77^ 102); the solu- 
tion is made strongly alkaline by KOHAq, and 
• standardised AgNOjAq is added until a permanent 
. turbidity is produced ; the compound AgK(CN), 
i is produced but remains dissolved until addition 
j of excess of silver forms insoluble AgCN. 1 c.o. 

1 of decinormal silver solution (10-8 grams Ag per 
' litre) *=’0054 gram HCN. 

Constitution. — Cyanhydric acid may be 
(1) HCN or (2) HNC; formula (1) represents 
I the atom of H as directly associated with the 0 
I atom, while formula (2) represents the atoms of 
' H and N as directly associated. The reactions 
of this acid with alkalis show that the H atom 
is acidic ; the fact that the acid combines 
directly with the haloid acids favours the for- 
mula N.CH, which* suggests the properties of a 
derivative *of NHj. The formation of the acid 
by the reaction of CHCl, with KOHAq is in 
keeping with the formula N.CH; this formula 
also suggests the production of OHjNH^ by the 
reaction of hydrogen with N.CH ; the production 
of H.CO3NH4 when cyanhydric acid reacts 
H,0 cannot decide between the formula N.OH 
and O.NH. On ttfe whole cyanhydric acid is best 
regarded as the nitrile of formic acid; the for- 
mula is written N.CH. 

PonTMSBxns OF oTANHTOBio ACID. Tficyaii- 
hydfloaoid. HjCjN,. Produced by srontaneoui 

polymerisation of HCN^ or of oono. HONA41 i® 
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presence oi alkalis, also from KClil (Lange, B.C, ' 
Wippermann, B.7,7()7 ; Lesccou^ a. Rigault, 
C. li. 89, 310). Prepared by treating the brown 
substance produced when HCN is allowed to 
change in air, with much ether, crystallising, dia- 
solving in ether, shaking with animal char, 
crystallising, and re-crystallieing from hot water. 
Triclinic crystals; v. sol. alcohol, less sol. ether. 
Solubility in water *55 at 3P, 6-5-5 at 100°. 
Begins to decompose at 140°, melts at about 
180°, and deflagrate.^ at a higher temperature. 
When slowly heated with water forms HCN 
and the products of decomposition of this acid 
(H.COjH, NH„ Ac.). Heated with BaOAq, with 
HCl Aq, or HIAq, producfs.s CO.^, NHj, and glycocoll 
(Wippermann, B. 7, 707) ; hence tricyanhydrio 
acid appears to be the nitrile of amido-malonio 
acid, CN.CH(NH.J.CN (c/.Bieyer, A. 131, 207). 

M. M. P. M. 

BICTANHYDBIN v. Bi-cyano-pkopyl al- 
conoii. • 

CYANIC (SULPHA) ACID. SULPHOCYANIC 
ACID AND POLYMERIDEi. {Thwcyanic acid. 
Hydro-sulpiiocyanic acid. Snlj)kocyanhydric 
acid. Sulpliocarbmidr.) Only one isomeride 
of the composition HCNH is known, and it is 
probably normal sulphooyanic acid HS.CN; the 
acid HN.CS has not been isolated althongli 
ethereal salts derived from it are known. A 
polymerideof sulphocyanic acid, viz. H .S N .C,, is 
known, and the methylic salt of trisulphncyanuj 
acid is also known (cf. Cyanic Ann). 

Tlie metallic salts of the form MSCN are 
deseiiliod as .suLPimcY,\NiDK8 in the article 
CYA.vroK.s. 

» Preparation.—!. Dilute solutions of HS.CN 
are obtained by di.stilliiig excess of a sulplio* 
cyanide with dilute iLSO,A(| ; more couc. solu- 
tions are obtained by dl^tIlling KS.CN with cone. 
H,PO,Aq, or by the reaction of H.S with 
Hg(SCN), or Pb(SCN),, (Hermes, J. pr. <)7, 405; 
Zimmerinarin, .4. I'.il), 1). 2. Sulphocyanic 
acid is obtained by gently heating a small (|iian- 
tity of Hg(SCN).^in a stream of dry 11 S (Wohler, 
0. A. 09, 271); explosions may occur if largo 
quantities are used (fl- rines, t.i.). 

Prupei lies. A colourless, strongly smelling, 
liquid ; crystallises when surrounded by snow 
and salt. An aqueous solution containing 12-7 
p.o. of the acid has S.G. POl at 17° (Hermes, 
Z.C.). HSCy is a very strong acid ; the allinity 
is nearly equal to that of HCl (v. Ostwald’s 
Lcliybtich der allgemcinen Cheniie, 2, 849). 

Reactions. — 1. Decomposed by Jieat to HCN 
and persulphocyanic acid (IL,C^N_S,). Stable 
in dilute aqueous solution (about 5 p.c.) ; tlie 
anhydrous acid polymerises on standing. On 
distilling the aqueous aoio' the greater part is 
vapourised unchanged. --2. Heated uith mineral 
acids, is decomposed to HCN and H Q^N.^Sa, or 
to CO„ NH„ and CS.^ or H,S ; the products of 
decomposition vary with the concentration of the 
solution of HS.CN used {cf. Volekel, A. 43, 74). 
8. Decomposed by sulphydric acid (H^S) to 
CS, and NH, (Vdlckel, Z.c.).— 4. OxiRsers, e.g. 
KMnO,Aq, produce HCN anirH.BO, (P6an, C.R. 
46, 626).-- 6. With zinc and sulphuric acid, re- 
acts to form H.,S, NH,, NH.,(CH,), and (CH.,),S, 
(Hofmann, B, 1. 179).--6. Heated with fairly 
cone, sulphuric acid, COS and NH, are pro- 
duced (Than, A. Suppl £, 236). — 7. Organk 


Mids react to form COS and amides, o 
sometimes nitriles, c.fii. HS.CN + C„H,0.01 
= COS + G,HaO.Nnj (Letts, B. 6, 6G9; Kekul{ 
B. 6,113). 

The metailio salts of sulphocyanic acid ar 
described^ as Sulpuocyanides under Cyanidki- 
The ethereal salts of normal sulpliocyanic acid 
of the type Et.S.Cy, are described as Ethyl, Ac. 
suLPirocYANiDE ; the ethereal salts derived fron 
isosulpliocyanio acid, of the type Et.N.CS, an 
described as Ethyl, Ac., thio-cahbimide. 

PoLYMERIDES OF SULPHOCYANIC ACID. 

I. Disulphocyanic acid H^S.^CoNj (Fleischer, 

A. 179, 201). Prepared by adding alcoholic so- 
lution of KOH to persulphocyanic acid (H^O.^N.^Sa; 
obtained by adding 3 vols. H.SO^Aq, S.O. 1-34, 
to cone. NHi.SCNAq, and crystallising the crys- 
tals which separate from hot water) ; the crystals 
which separate *are ICC^N,,S,;, they are collected 
and decomposed by dilute ILSO^Aq ; the acid 
separates as a wax-like yellow mass, which 
hardens after a time. Sol. alcohol, nearly insol. 
water; when the solution is heated HSCN is 
formed. ^ 

II. Trisulphocyanic acid ; this acid is not 
known, but its met’hylic salt, MeaSiC^Nj, is ob- 
tained along with methyl thiocarbimide 
(Mo.N.CS {q.v.)], by heating Mo.S.Cy to 180° 
(Hofmann, B. 13, 1349). 

For metallic salts of disulphocyanic acid v, 
Cyanuuates and Solphocyanubatks, p. BGO. 

M. M. P. M. 

CYANIC. DICYANIC, AND TUICYANIO 
ACIDS and their derivatives. — Historical Inttio- 
rmcTioN. — Very .soon after his inquiry into the 
constitution of Prussian Blue, an investigation 
which had enriched science with the discovery of 
Pru-ssic Acid, Schccle (1786, 2,76) con- 

ducted a series of experiments v'ith a view to 
determine the nature of a specimen of urinary 
calculus. The calculus happened to be of the 
acid variety. The outcome of tins work was the 
discovery of Uric and Cyaniiric or Pyro-urio 
acids. This is the earliest record of an oxygen 
compound of cyanogen. Schecle, however, did 
not realise that he had in his hands a hitherto 
unkuow'ii chemical compound. Distilling some 
of the calculus he obtained ainoiigothcr products 
a brown sublimate, which admitted of purifica- 
tion by resubliraaticn. The properties of this 
sublimate are those now known to belong to 
evanuric acid. ]\Ioreover, cyanurio acid may be 
obtained by the modo of proecduro described. To 
Schecle the sublimate a] ipoared to resemble suo- 
cinic acid. Peaison (1798, Tr. 34) repeated these 
experiments, and observed in addition most of 
the characters of cyanuric acid known at the 
present day, but, like Schecle, this observer did 
not recognise the sublimate as a new substance, 
and was content to note its similarity to benzoin 
acid. Henry (1818, Tliomson’s SysUme de 
Chemk, 2, 198) was the first to point out the 
independent nature of the acid, and the earliest 
analysis was made by Chevallier and Lassaigne 
(1820, A.Ch. 13, 15.5). 

At the same time that the cyanurio aoid of 
Scheele was being studied, the first observations 
were made of three important classes of com- 
pounds -the fulminates, the oyanates, and tho 
thiocyanates. Brugnatelli (1798, A. Ch. 27, 331) 
prepared ‘ Fulminating Silver,’ which, howam. 
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he regarded as oxalate, and Howard (1800, Tr, the earlier known substances, and when oafefut 
201) about the same time described the manufac- analyses w%re made ot all three they proved to 
ture and properties of ‘ Fulminating Mercury.’ be identical. The subject is finally discussed 
That sulphur is capable of combining directly by Liebig and WOhler (1830, P. 20, 369), where 
with potassium cyanide, forming ‘ Thiocyanate,’ it is suggested that the term oyanurio acid should 
was &r8t distinctly observed by Porret (1814, 2V. be adopted for the single compound whether ob- 
627), the reaction having been studied plreviously tained by the distillation of uric acid (SoheSle), 
by Buchholz (1798, Beitrag gur Enveiterung und the action of water on oyanurio chloride (Serullas), 
Berichtigung der Chemie, 1, 88). The predio- or the action of heat on urea (Wohler)', and that 
tion of Gay-Lussac of a class of oyanates was the name cyanic acid should be retained for the 
verified by Vauquelin (1818, A. Ch. 9, 116, 22, pungent liquid which Wdhlor had found as a 
134), who found Ammonium Oyanate among the decomposition product of cyanurio acid, and of 
products of the spontaneous decomposition of which Vauquelin had previously prepared the 
cyanogen in water. ammonium salt. • 

The discovery of the first compound of cyanic The question of the constitution of cyanic 
acid was soon followed by that of other oyanates acid and its isomerides is the subject of another 
and of the acid itself. Wohler (1822-24, (?. A. memoir by Liebig (1838,4.26, 145). The basicity 
71, 95 ; 73, 167 ; P. 1, 117) analysed many of of cyanurio acid, which had been a matter of 
these, including the silver salt, from which he controveraybetween Wohler and Liebig, is finally 
derived the formula of the acid.* A little later, decided by the discovery of a triargontic salt, and 
when heating some cyanurio acid, this chemist it is shown to have the formula Hj 0 j,N,Os 2 H 2 O. 
noticed that a gas was given off, having The analogy is pointed out between the acids of 
a peculiar pungent odour. This proved to be phosphorus as elucidated ty Graham (1833, Tr, ' 
free Oyanic Acid, and by a sjiitable cooling ap- 253) and the three isomerides ; — monobasic 
paratus W6hlor succeeded in liquefying it. The cyanic acid HCNO, dibasic fulminicacidH22CNO, 
free cyanic acid thus obtained was examined in and tribasio cyanuric acid H.,3CNO. 
an important memoir by Liebig and Wohler The Thiocyanio Acid, of which Porret pre- 
(1830,P. 20, 369), and its constitution established pared the potassium salt, was isolated by WShler 
so far as the exigencies of the time required, in 1829 (C. 4. 69, 271), and in the same year 
Liebig reverts to this question again in 1838 (4. Liebig (P. 15, 563) came across a solid substance 
26, 122), pointing out that cyanic acid does not among the products of the action of water on 
form double salts and is monobasic. cyanuric chloride which, in conjunction with 

In the meantime a study of the fulminating Wohler, he found again (1830, P. 20, 336) as a 
mercury of Howard had furnished Liebig with product of the decomposition of cyanic acid with 
some interesting results. These were published water. This compound isomeric with oyanurio 
in 1823 {O. A. 75, 393) and in conjunction with acid, but insoluble, was called ‘insoluble cyanurio 
Gay-Lussac in Paris in 1824 (4. Ch. 25, 285). acid ’ or, later, Cyamelide. 

From the silver salt, which was obtained in a About this time, too, Liebig (1834, 4. 10, 10) 
condition sufficiently pure, the composition, by acting on ammonium thiocyanate by heat 
molecular weight, and basicity of fulminic acid produced a substance called Melam, and from 
were ascertained. The free acid was, however, this, by the action of dilute soda, a base was 
not isolated. Later (1838, 4. 26, 122) Liebig formed richer in the elements of ammonia. This 
points out the relation of fulminic acid to its base was regarded by Liebig arf the amide of 
isomerides, cyanic and cyanurio acids. It is cyanurio acid, and was called from its parent 
shown to form double salts and to be dibasic. substance Melamine (1834, 4. 10, 18). Another 
In the hands of Berthollet (1787, 4. Ch. 1, base nearly related to those, Mellono, was ob- 
35) and Gay-Lussac (1816, 4. Ch. 90, 200) chlo- tained by the action of heat on melam, and from 
line had been made to act upon prussic acid with mellone, by treatment with nitric acid Liebig 
the formation of gaseous Cyanogen Chloride. (1834, 4. 10, 34) prepared an acid, Cyanilic Acid, 
SeruUas (1828, 4. Ch. 38, 390), now employing which proved to be an isoraeride of cyanuric acid, 
tha same agents in the presence of sunlight, ob- distinguished from the latter acid chiefly by its 
tained a crystalline solid now known to be Cyan- crystalline form and solubility, 
uric Chloride. By the prolonged action of water The thirty-five years following 1840 were very 
this compound was found to decompose, forming largely devoted to the discovery of ethereal deri- 
hydrochloric acid and a now solid, named by vatives of cyanic and cyanurio acids, and to a 
SeruUas Cyanic Acid. This cyanic acid was study of their structure with a view to rendering 
perceived to be quite distinct from the cyanic intelligible the very remarkable metamerio series 
«oid of Wohler, but SeruUas does not seem to of compounds which were brought to light. But 
have compared it with the pyro-urio acid of aside from ^his main current of research there 
Soheele. Nevertheless, the properties noted by are many other discoveries of scarcely less im* 
SeroUas agree in all respects with those ^ven by portance. Two of these caU for attention at 
Pearson f<w Scheele’s acid. Tne analysis made once— the study of the action of heat on nitrate 
by SeroUas, though not inaccurate for the time, of area by Pelouze (1842, 4. 44, 106) and Wiede- 
entirely overlooked the hydrogen. mann (1848, 4. 68, 324), and the interesting re- 

Wdmer made the next step forward by the action oetween cyanic acid and aldehyde whereby 
discovery of a new compound, Oyanurio Acid, Liebig and Wdhlec (1846, 4. 59, 296) prepared 
among the products of the action of heat on the compound known as Trigenic Aoim 
urea (1829, P. 16, 622). This cyanurio acid was Three important series of alkyl derivatives 
at once compared both with the p^o-uric acid of were discovered during the years 1847>48; 
^heele and with the cyanic acid of SeruUas. the cyanic and cyanurio ethers of Wurtz, and 
Its properties were found to agree with both of the thiocyanio ethers of Gahours. By acting 
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on alkyl potassium sulphate with a salt of cyanic 
acid, Wurtz (1848, G. R, 20, 368; ^7, 241) ob- 
tained Alkyl Cyanates, and using a cyanurate 
instead of a cyanate he succeeded in preparing 
a series of Alkyl Cyanurates. Both these classes 
of ethers when decomposed by water, in presence 
of dilute acids or alkalis, give amines and carbon 
dioxide, showing that they have a similar struc- 
ture. The discovery of the ethers of Wurtz was 
partly anticipated by Cahours (1847, A. Ch. 18, 
261), who by the analogous reaction of alkyl 
calcium sulphate with potassium thiocyanate 
obtained Alkylthioqyanatcs. The thiocyanic 
ethers do not admit of their constitution being 
studied by decomposition with water, but the 
same end is attained if they bo subjected to the 
reducing action of nascent hydrogen. The thio- 
uthers of Cahours give by this treatment mer- 
captan and hydrocyanic acid, showing that the 
alkyl radicle is attached to the sulphur and not 
to the iitrogen. 

The study of ethereal derivatives must now 
give way to the consideration of several new re- 
actions which were brought to light at this time. 
Debus (1849, A. 72, 18) in his work on ethyl 
thiocarbamate or xanthogenaraide NHj.CS.OEt 
orNJL.CO.SEt was led to the discovery of a re- 
action by which this compound breaks down 
into mercaptan andcyanuric acid. If the consti- 
tution of xanthogenamide were better known, an 
important insight might thus be obtained into 
that of cyanurio acid. Notwithstanding the 
attempts of Bineau (1839, A.Ch. 70, 261) to pre- 
pare an amide of cyanic acid homologous with 
the cyanuramido or melamine of Liebig, no such 
compound was isolated until Cloez and Can- 
nizzaro instituted their inquiry in 1851 (0. Ji. 
32, 62). These chemists obtained Cyanamide 
by acting upon cyanogen chloride with am- 
monia. A very remarkable property of tlie 
cyanamide thus obtained is the ease with which 
it undergoc.s polymciisation. The result of this 
intramolecular rearrangement, as shown by 
Bailstein and Geuther (1858, A, 108, 99; 123, 
341) is the formation of the dicyanogen homo- 
l)gue Dicyamliiimidc. An isomeric series of 
lomologous amides is thus completed corre- 
sponding to the three classes of mono-, di-, and 
tri- cyanogen compounds. Employing amines 
instead of ammonia in the reaction of Clo6z and 
Cannizzaro, the alkyl cyanamides were prepared 
by Cahours and Cloez (1864, C. R. 38, 354). 

Another instance of polymerisation was an- 
nounced at this time by Liebig (1856, A. 96, 282). 
When fulminating mercury is allowed to stand 
in presence of water it gradually changes its 
colour and other properties. These changes 
were found to correspond to an entire rearrange- 
ment of the molecule, the dicytvnic fulminio 
acid having polymerised to tricyanic Fulminuric 
Acid. The new acid is metamerio with cyanurio 
acid, but in its basicity and in other respects it 
is quite distinct from that compound. Fulmin- 
uric acid was discovered independently by 
Schischkow [A. 97, 63; 101, 213), whose atten- 
tion was also directed to th j constitution of the 
isomeric fulminic acid froip which it is derived. 
Mercuric fulminate, according to Schischkow 
(/. R. 16, 276), is Hg(ON)j.O,(NO,),.Hg, and ful- 
minic acid (HCN).,.0,Hj2NO,. On the other 
hand Kekul6 (4. l6l, 200 } 106, 279), in viqw ol 
Voii. U, 


i other reactions, regarded fulminio acid as nitro* 
I acetonitril CH„NOjCN. ' 

I Eeturning onco more to the ethers, a reaction 
must be noticed that was first studied by Cloez 
1 (1857, C. B. 44, 482), which in the hands of 
Hofmanp and other later investigators has done 
much to give order to the knowledge of cyanic 
derivatives. Cloez caused cyanogen chloride to 
act on sodium ethylate, and obtained a compound 
which he called Cyanetholine and which has 
sometimes been regarded as consisting of a 
j cyanic ether isomeric with that of Wurtz, Gal 
! (1866, G. B. 61, 527), who observed its decom- 
: position products, correctly so regarded it, and 
, moreover judged that it was related to the cyanic 
! ethers of Wurtz in the same manner that the 
nitriles are related to the isonitriles. 

I Still another reaction was announced at this 
j time for the preparation of ethers. Habich a. 
Limpricht (1859, A. 109, 111) discovered that 
silver cyanurate and alkyl iodides react, forming 
cyanuric ethers identical with those of Wurtz. 

The Cloez reaction was now, in 1870, the 
subject of an important investigation by Hof- 
mann and Olshauson {B. 3, 269). No cyanic 
ether was found, bat, instead, these observers 
succeeded in preparing a series of Cyanuric Ethers 
metameric with those of Wurtz. The methyl 
analogue of the cyanetholine of Cloez and Gal 
proves to be a mixture containing cyanuric ether 
and an amido- derivative. Cyanic ethers homo- 
logous with these cyanuric ethers and metamerio 
with the cyanic ethers of Wurtz have never been 
isolated. Hofmann and Olshausen were led to 
predict the formation of a series of cyanuric ethers 
in this reaction from its analogy to that of Cloez 
and Cannizzaro for cyanamide and Cahours and 
Cloez for alkyl cyanamides, thus:— 

Cl jCN-f (NH) H[H (Cloez and Cannizzaro) 

Cl |CN-f ~(NH)Er |H (Cahours and Clo6z) 

C1 |CN + OEt [H (Hofmann and Olshausen). 

Now in the second reaction the alkyl cyanamide 
was known to polymerise readily at the moment 
of its formation to alkyl melamine. Just in the 
same manner, thought Hofmann and Olshausen, 
might the product of the third reaction, which 
differs only in containing oxygen for imidogen, 
polymerise at the moment of its formation to a 
cyanuric ether. This hypothesis was confirmed 
by experiment. 

The cyanuric ethers thus obtained when 
submitted to the action of water in presence of 
dilute acids or alkalis give cyanurio acid and 
alcohol, showing that the alkyl radicle is at- 
tached to the oxygen and not to the nitrogen, 
as it would seem to be in the case of the Wurtz 
ethers. It woJtld thus appear that the ^urtz 
ethers are substituted imide compounds, while 
those of Hofmann and Olshausen are substituted 
hydroxyl derivatives. The reaction of both 
with water then becomes clear, thus : — 

Hofmann and Olshauseo. Wnrti. 

OgN,80R’ 0,0, N,R', 

0,H,H, 0,H, 

' (CIN),80H18B'0II 8COal8NH,R'" 
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The difference between these two classes of 
ethers may be represented by the formula ; — 
/OR' 

(CN)3f0R' (CO),%NR' 

\OR' ^NR' 

or better still by the use of ring formu*l®, a de- 
vice which is especially useful when more com- 
plex reactions have to be studied. The ether 
correeponding to the hydroxyl acid is of course 

1 ^ ^Xl. X'U^ rt*lK_ 


stituted ether is the iso-ether 


Normal ether of Hofmann and 

Iso-ether of Wurtz. 

Olshauijen. 

CO 

COR' 

nAn 

E'Ooi^OOB' 

BN^NR' 

ocl jeo 

NR' 


CONR' 

0H3_ 

CO2INH.X 

Decomposition of 
iso-ether. 


In the same manner the noi-mal cyanic ether 
which in the Cloez reaction is probably formed 
in the first instance, but whic^^ has not been iso- 
lated, may be supposed to be related to the 
cyanic ether of Wurtz : — 

{CN).OR' (CO):NR' 

HyDothetical normal cyanic Isocyanic ether of 

ether. Wurtz. 

And the decomposition by water of the two 
ethers may be represented ‘ 

CNOR' 

HO H 

■(CN)OHIR'OH 

Decomposition of hypothetical 
normal ether. 

A very interesting instance of intramolecular 
change was announced by Hofmann andOlshau- 
sen in this same memoir. It was noticed that 
the melting-point of triraethyl normal cyauurato 
changed on continued heating. In the first place 
it melts at 132°, but after heating for some time 
the melting-point rises and remains constant at 
176°. Metastasis was suspected, and it was found 
while before the application of heat the 
oyannrate gave when decomposed with water 
alcohol and cyanurio acid, after that operation 
its decomposition products were carbon dioxide 
and amine. The normal etf.her had changed into 
the corresponding iso-ether of Wurtz. Such in- 
stances of intramolecular migration from nor- 
mal to iso- in the case of alkyl derivatives of 
cyanogen compounds are now known to be of 
frequent occurrence. 

Of thethio-analogues of these isomeric ethers, 
one series had been discovered by Cahours, On 
reduction with nascent hydrogen they gave mer- 
captan and hydrocyanic acid. These were the 
analogues of the hypothetical normal cyanic 
ethers. The series of isomei^c thiocyanates 
corresponding to the cyanic ethers of Wurtz 
were synthesised by Hohnann (1868, B. 1, 25 a. 
169 ; 2, 462 ; 7, 814; 8, 106), and constitute the 
‘mustard oils’ of which ordinary mustard oihis 
a member. When the merouiv salt of mono- 
alkyldithiocarbamic acid is distilled it loses 
mercuric sulphide, and sulphuretted hydrogen 
and alkyl tnio-isocyanate passes over. The 
thio'isocyanio ethers give on treatment mth 
nascent hydrogen not mercaptan and hydro- 


cyanic acid but amines and thio^aldehyda. The 
two reaotioife may be seen thus : — 

Normal thlo-ether of Cahours. iBOthlo-ether of Hofmann, 

ON.SR' OS:NR' 

H H Ha 

CNH I R'SH HCHS j 

The following discoveries also belong to this 
period : — The production of isocyanic ethers from 
isonitriles by direct oxidation accomplished by 
Gautier (1869, O. B. 67, 801). The discovery of 
Bioyanic Ethers and Alkyl Melamines by Hof- 
mann (1861, A. Suppl. 1, 6^ ; B. 3, 765 ; 1869, B, 

2, G02 ; 3, 264). The former by polymerisation 
of phenyl-isocyanate in presence of triethyl- 
phosphine, and the latter by desulphurisation 
of monoalkylthio-urea in which case alkyl cyan- 
amide is doubtless first formed and then changed 
into the polymeric melamine. Finally, the ex- 
periment of Beilstein (1860, A. 116, 357), which 
showed that cyanurio acid treated wilh 4 >hos- 
phorus pentachloride gives cyanurio chloride. 
Cyanurio chloride is thus seen to be related to 
cyanuric acid precisely in the same way as 
acetyl chloride for example is related to acetic 
acid. It may be obtained from the acid by 
substitution of its hydroxyl by chlorine when 
treated with phosphorus pentachloride, and, as 
Serullas was the first to show, the chloride by 
treatment with water loses its chlorine and again 
assumes hydroxyl in its place, becoming cyanurio 
acid. . 

A period is now reached, commencing about 
the year 1875 and extending to the present day, 
during which the activity of investigators in this 
subject has been directed in the main to the 
question of the constitution of cyanic and cyan- 
uric acids. To these must be added melamine, 
for just as the acids give rise each to two parallel 
series of mctameric ethers, so, as it will appear, 
does melamine. This isomerism has not yet been 
found among the alkyl cyanaraid^^s or dicyanic 
diamides. It will be seen that in the case of 
the parent hydrogen compounds no reactions 
have been discovered which permit, as in the 
case of their alkyl derivatives, the assertion 
that the one is normal or of the hydroxyl type, 
and the other iso- or of the imide type. 

The discussion was inaugurated by Nencki 
(1876, B. 9, 232), who, working on the compound 
aceto-guanidine, found that by a series of reactions 
it is converted finally into cyanurio acid. In a 
second communication (B. 9, 244) he suggested 
an explanation of these reactions assuming the 
iniide nature of cyanic acid. This procedure led 
of course to the view that cyanurio acid is iso- 
or imide in its constitution. Further evidence in 
favour of the imide Structure of both cyanic and 
cyanuric acids is found according to Fleischer 
(11. 9, 436) in the desulphurisation of ammonium 
thiocarbamate NH^.CO.SNH^ by which reaction 
either urea or iso-cyanato should result : experi- 
ment showed that ordinary ammonium oyanate 
wtts formed. Weith (B. 9, 464) then joined the 
controversy, and proposed an altogether new set 
of formulflB for the dbmpounds obtained by Nenoki 
from aceto-guanidine. Nevertheless, whilepoint- 
ing out that the imide nature of the acids waf 
not proven, he considered the weight of evidence 
to be in favour of that view. Miohler (B. 9, 716) 
ftdvAnced another reaction to support the iso- 
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theory, ihfi ^atillation of t^phenyl\|rea, which 
yields cyanic acid and diphenylamine.’ This 
reaction has, however, no more value as proof 
than the action of heat on urea itself. 

So far the evidence had been very largely in 
favour of the iso- hypothesis. Claus {B. 9, 721) 
now joined issue with the preceding observers. 
He questioned the value of the little understood 
guanidine reactions of Noncki as proof of con- 
stitution, and showed, as Woith had indeed al- 
ready done, that with equally probable assump- 
tions the chaiiKCS observed by Nencki might be 
explained so as to support the opposite view. 
Similarly he contended against Fleischer that the 
formula for animoni«m thiocarbamate is by 
no means established, and if the alternative 
hydroxyl formula, NIlj.GS.ONn^, be used, the 
reaction supports the normal hypothesis. To 
those criticisms both Nencki and Fleischer re- | 
plied, F^ischer {D. 9, 988) defending the for- 
mula which he had employed for thiocarbamio 
acid, and Nencki (23? 9, 1008) considering at 
length the evidence for and against the two con- 
tending theories. The leading points are as fol- 
lows : For the imide or iso- formula.—l. The 
easy breaking down of cyanic acid by the action 
of water into ammonia and oferbon dioxide 
CONH + OH,, = CO 2 + N Hj. — 2. Tlio conversion 
of cyanic acid into forniamide by the action of 
nascent hydrogen COiNH-i-Hj^H.CO.NH,.— 
8. The reaction of Wurtz in which cyanates 
and cyanurates yield iso- and not normal ethers 
(CON)K-fKR'SO, = CONR' + K„SO^. For the 
hydroxyl or normal Ifin order to 

explain all the reactions of these bodies it is 
found necessary to assuino an intra-molocular 
change, it is easier to imagine it taking place 
from the normal to the iso- than from the iso- 
to the normal atomic arrangements, since it is 
known witli what ease normal cyanic and cyan- 
uric derivatives change to the iso- condition, and 
thus to supposeihatin the WurU reaction normal 
ether is at first formed and that it immedi- 
ately changes to iso-ether. — 2. Finally, Bcilstein 
had shown that cyanuric chloride, the normal 
structure of which docs not admit of question, is 
the chloride corresponding to cyanuric acid. 
Nencki admits that the acetoguanidine reactions 
tell equally for both theories. Nencki concludes, 
however, with Weith that the weight of evidence 
is in favour of the imido structure. The discus- 
sion was continued by Claus (B. 9, 1165), Flei- 
scher {B. 9, 1459), and Nencki {B. 9, 1652), but 
little further advance was made. 

The fundamental distinction between mono-, 
di-, and tri-oyanio acids which Liebig so clearly 
pointed out has been conlirraod, and its value 
appreciated more and more. It may be that 
fulminic acid is not the dicyauio tPeid homo- 
logous with cyanic and cyanuric acids, and that 
this has yet to be discovered. Indeed, there may 
be many such mono-, di-, and tri-cyanogen series 
to which the numerous isomerides of cyanic acid 
of which the constitution is at present so little 
known will contribute members; 

By the help of this conception a place is 
ready for the Thiodioyanio Acid discovered in 
1876 by Fleischer (.4. 179, 204), and perhaps 
for several new isomerides of cyanic acid which 
have now to be noticed. It was just at this 
time that Herzig (B. 12, 170) annoauced the 


disooverv of a- and ^-Cyanuric Acids. These 
now acids were said to be obtained by the action 
of hexabromacetone on urea. It has, however, 
recently been shown (Senier, 0. J. 49, 693 ; 49, 
743) that both these acids are merely ordinary 
cyanuric •cid disguised by traces of impurities. 
The isomerism of the cyanamido-carbonio acid 
discovered by J. Meyer (1878, /. pr. 18, 419) 
is merely coincidental, that compound having 
nothing further in common with cyanuric deri- 
vatives. Four isomerides, however, remain to be 
noted, all derived from fulminic acid. The first 
is Isofulminuric Acid. It was prepared by Ehren- 
berg (1884, J. pr. 30, 38) by acting on an ethereal 
solution of free fulminic acid with ammonia. 
The remaining three isomerides were discovered 
by Scholvien (1885, J.pr. 32, 461), and all arise 
out of the action of dilute sulphuric acid on ful- 
minates. They «re Meta-fulminurio Acid, /3-Iso- 
fulminuric Acid, and Iso-cyanilic Acid. Metallic 
salts of each were described, but no alkyl or 
other derivatives. 

In the present ^tate of their history it would 
be premature to speculate as to the constitution 
of this remarkable group of isomerides. It may, 
however, be worth while to bear in mind that the 
possible metamerides of cyanuric acid are very 
great, especially when mixed types are con- 
sidered, as, for instance, the two conceivable in- 
termediate acids between normal and iso-oyan- 
uric acid {cf. Senier, Inaug. Dissert., Berlin, 
[1887] 28). 

A further study of these fulminurio acids 
may help to clear up the constitution of fulminic 
acid itself, for like the latter acid some of them 
evolve hydroxylamine when decomposed by 
water in presence of hydrochloric acid. It was 
on this account that Steiner ^1883, B. 16, 1481) 
suggested the following isomtroso- formula for 
C=NOH 

fulminic acid || , whereas he bad pre- 

C==NOH 

viously (1876, B. 9, 782) been an adherent of 
Kekul6 (1857, 4. 101, 200; 105, 279), who re- 
garded it as nitroacetonitrile. The recent work of 
Divers ([1885] C. J. 47, 79) has led to another 
N=CH 

formula 0<^ I . According to Armstrong, 
N=COH 

the essential facts are* best represented for the 
^0~OH 

present by one of the following, N^ | 

\C=N.OH 

N=-CH 

or I I (0./.47,79). 

0-C=N.OH 

In the next place two announcements call for 
notice which have an interesting bearing on the 
constitution of cyanuric acid. The first is the 
production of melanurenio acid, a derivative of 
cyanuric acid, by»Bamberger, by the action of 
water on dicyandiamide {Inaug. Dissert., Berlin 
1880 ; B 16, 1074 ; 16, 1459 ; 16, 1703). Bam- 
berger ascribes to dicyandiamide the formula 
C:NH.NH./.NHCN as preferable to Baumann’s 

formula (1873,5.6,1376), (0NH)<^g>(CNH). 

The second is the study of the absorption speo 
trum of cyanuric acid which led Hartley (1882, 
C.J.il, 48) to the conclusion that it has a ring 
formula and doablydinked atoms. This is (3 

x2 
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coarse qaite in accord with the normal 6r hy- 
droxyl Aeory. 

There remain to be considered the important 
researches of Hofmann, Klason, Ponomareff, 
Mulder, and Bathke. These investigations are 
for the most part contemporaneous. They also 
largely supplement one another ; and although 
they do not explicitly support the same hypo- 
thesis, they do not take the form of a discussion. 
Only an outline of the more important features 
of this work can be attempted here. 

Commencing with Mulder in the year 1882 : 
the Glo3z reaction was the first to engage the 
attention of this observer (B. 1, 41, 191 ; 2, 133 ; 

3, 287). The results in the ethyl series were 
similar and parallel to those in the methyl series 
of Hofmann and Olshausen. The most interest- 
ing observation is that normal cyanic and cyan- 
uric ethers give bromine addition compounds, 
while the isocyanio and cyanuric ethers form no 
such combinations. This, according to Mulder, 
becomes a test by which the one structure can be 
distinguished from the other. Now cyanuric 
acid does not combine with bVomine, and hence 
it is regarded as iso- in constitution. The com- 
pound with cyanuric ethyl ether has the formula 
CaNgOsEtaBr,. By the use of this test Mulder 
was led in 1885 to recognise the diethyl cyanuric 
ether of Habich and Limprioht as an iso- com- 
pound (i2. 4, 91). Subsequent observation has, 
however, not confirmed the value of this reaction 
as a test in all cases. 

Many attempts have been made to discover 
among the metallic cyanates and cyanurates 
isomeric differences like those found among the 
ethers. An investigation of Calmels in 1884 
(C. 99, 239) would seem to show that metallic 

cyanides analogous to the nitriles andcarbamines 
exist, but hitherto no one has found evidence of 
a similar isomerism among the metallic cyanates 
or cyanurates. The experiments of Mulder in 
1882 {B, 16, 69) with this object proved as 
fruitless as those of Bannow (1871, B. 4, 254; 
18, 2201) had been. 

Mule ler suggested new formulas for bromide ' 
and chloride of cyanogen N,3GBr and NjSCCl, 
and in a series of communications in 1885-6 {R. 

4, 47 ; 4, 161 ; 6, 66 ; 5. 84 ; 5, 99) studied the 
properties of the bromide. The curious fact was 
noted that pure cyanogen bromide does not 
polymerise, but that this change takes place 
readily in presence of a trace of free bromine. 
Two curiouB- addition products of cyanogen 
bromide with ethyl cyanurate are described 
03N,0^t,2BrGN and G,N,0,EtjBrCN (c/. Senior, 
Ina^. Divert., Berlin, 1887, 34). 

As in the case of Mulder, so the work of 
Ponomareff commenced with a study of the 
cyanetholine of Glo6z. This chemist in 1882 
(B. 16, 613) arrived at results in accordance with 
those of Hofmann and Olshau^n, and proposed 
the use of merenrio chloride to distin^sh iso- 
from normal cyanuric compounds. Tlris reagent 
gives crystalline addition compounds with nor- 
mal derivatives, that in the case of normal 
ethyl cyanurate being (CN),80Et,HgGlj. Unfor- 
tunately, like the corresponding bromine test of 
Mnlder, this mercuric chloride test has been 
shown to be inapplicable to all cases (Hofmann, 
1886-6, B. 18, 2796 ; 19, 2098). 

The study of the formation of oyanurio ethers 


and the pr^aration of alkoyl derivatives in the 
hands of Ponomareff threw additional light on 
their struotuye. Hofmann and Olshausen had 
prepared the oyanurio ethers by the Glofiz reac- 
tion, using cyanogen chloride. The method was 
simplified by Ponomareff in 1886 {B. 18, 8261), 
who employed the already polymerised oyanurio 
chloride. By this means he oUained normal 
cyanuric ethers which gave oyanurio chloride 
again when treated with phosphorus pentachlor- 
ide, and gave melamine by the action of am- 
monia. In the next place this observer studied 
the reaction of Habich aiq^ Limprioht, by which 
only isocyanuric ethers had been obtained. By 
allowing the alkyl iodide to act on silver oyan- 
urate at a low temper atdre there was always 
formed together with the isooyanurate some 
ether that gave a crystalline compound with 
mercuric chloride, and hence was judged by Po- 
nomareff to be normal ether. The experiment 
was afterwards repeated by Hofmann«and the 
crystalline mercuric chloride compound examined 
(1886, B. 19, 2093), but it was proved that the 
mercuric chloride was combined not with normal 
but with iso- ether. In the same memoir Pono- 
mareff described the first alkoyl derivative of 
oyanurio acid, triacetyl cyanurate. The corre- 
sponding tribenzoyl cyanurate was obtained soon 
aftenvards by Senior (1886, 0. J. 49,313). 

The reaction between dicyandiamide and 
carbon dioxide already pointed out as giving 
rise to a mixed cyanuric acid and mela- 
mine, melanurenic acid, was made the basis 
of an interesting communication from Bathke 
in 1885 (B. 18, 3102). This inquirer noted that 
when such compounds as H.p or NH, or GO„ 
which can divide into two divalent radicles, for 
instance Hj + 0, + NH, and 0 + GO, combine 

to form addition compounds with cyanogen deri- 
vatives, they do so in accordance with a general 
law, the one residue joining the carbon and 
the other the nitrogen. Thus nitriles take up 
the residues of water or sulphuretted hydrogen, 
giving acid amides or thio-amides, or they take 
up ammonia or amines forming amidines. To 
this class of reactions belongs, according to 
Bathke, the conversion of dicyandiamide into 
melanurenic acid, and also the parallel reaction 
announced for the first time between dioyandi- 
amide and thiocyanio acid, where combination 
to thioarameline takes place. Using Bamberger*a 
formula for dicyandiamide, the reactions may be 
represented thus : — 


G S GS 



Diojan- Thlo- Tbio- 

diamide oyanlo add anmeltna 


0*0 CO 



Dioyan- Oarbon Uelanarento 
diamide dioxide aold 

The bearing of these reactions on the oonstl- 
tution of oyanurio acid and melamine U eyideni* 
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Ammelina and melannrenio aoida amido- 
acids between melamine and oyanurio acid, and 
if the above expressions be the true ones, both 
the acid and melamine are imido- or iso- and not 
normal compounds. The following formula 
showing oyanurio acid and melamine both as 
normal and iso- compounds will assist in making 
this clear 


COH 

iN 


hoc! 

¥ 

Acid 


COH H,NC 



CNH, 


F 

00 


HN 

HNC 


CNH 
NH 

CNH 


NH 

Melamine. 


According to Hofmann the weight of evidence 
is in favour of the view that both these com- 
pounds are normal in constitution. Bathke 
pointed out that those two reactions must be 
considered, and whether the formula of Bam- 
berger be employed or the alternative one of 
Baumann, they both lead to the conclusion that 
thio-ammeline and melanurenic acid are iso- 
compounds, and indirectly to the iso- nature of 
cyanuric acid and melamine. One class of re* 
aetions requires the one formula, another class of 
reactions the other. In Bathke ’s view it is im- 
possible to find a formula to account for both 
classes of reactions. It seems that the position 
of the hydrogen atoms, unlike that of the alkyl 
radicles, is not stable, and that indeed both for- 
mulas may bc^ employed side by side. In the 
same manner Bathke recommends the use of two 
formulto for hydrocyanic acid, acotacetio ether, 
the lactam and lactim groups, thio-urea, and 
other similar cases. 

In another communication (1887, B. 20, 1066) 
tliis standpoint was developed further, and in 
view of the discovery of several triphenylmela- 
mines Bathke suggested the addition of a third 
imide type for alkyl melamines, thus 
ONHB' 

tT 

B'HNO'I^CNHB' 

Kormat 


CNH cJlB' 



IstiM-. , Sndlao^ 


The radicles attached directly to the ring as in 
the first iso- form are said to be in the mo- posi- 
tion, while those attached to side chains as in 
ths second iso- form are termed aco-. This sys- 
tem was suggested in order to account for the 
instances ol complex isomerism in the case of 


phenylmelamines, which Hofmann was the first 
to point out. In the communications following, 
Bathke ([1887-8], B. 20, 1066 ; 21, 867 ; 21, 874) 
announced several new complex derivatives, the 
constitu^on of which he studied by means of 
this hypothesis. These are Phenyl Thiamme- 
line. Triphenyl Ammeline, Monophenyl Iso-oy- 
anuric acid. Diphenyl Melamine, and Triphenyl 
Melamine. 

No inquirer in this department of chemical 
research has been more unwearied, and none 
has been more successful, than Hofmann. As 
early as 1857, in conjunction with Cahours (A. 
102, 293), he discovered allyl cyanate, and from 
that time to this he has reverted to the subject 
again and again. The earlier communications 
have been already noticed, but there remain a 
series of exhaustive critical memoirs which have 
appeared during the last few years of which only 
the barest outline can be given. They are an 
attempt to settle the question of the constitution 
chiefly of cyanuric acid and melamine, but they 
bring into their service numerous new reactions 
and classes of compounds. 

In one of the first of these, in 1881 (B. 14, 2728), 
Hofmann described a new reaction in which iso- 
ethers are among the products. It is the action 
of heat on alkyl acetyl urea. Together with 
isocyanic ether di- and tri-alkyl isocyanurate are 
formed. In another paper in 1880 (B. 13, 1349) 
some interesting instances of intramolecular 
change are described. Just as the cyanic methyl 
ether at first formed in the Clo6z reaction was 
found by Hofmann and Olshausen to polymerise 
to methyl oyanurate, so the same change is now 
effected in the case of methyl thiocyanate, which 
is converted into methyl thiocyanurate, and also 
(1885, B. 18, 766) in that of phenyl isocyanate, 
which becomes phenyl isocyanuiate. The general 
tendency of the normal to pass over into the more 
stable iso- atomic arrangement finds another 
example here, for together with the trimethyl- 
thiocyanurate some of the iso- compound is 
always formed. Hofmann called attention to 
the fact that pure methyl-thiocyanate does not 
polymerise by heat alone, but does so in presence 
of a little hydrochloric acid. It will be remem- 
bered that in the same manner Mulder found 
that cyanogen bronyde only admitted of poly- 
merisation when mixed with some other sub» 
stance, as, for instance, with free bromine. The 
action of such agents as hydrocblorio acid and 
free bromine in these instances, and the still 
I more remarkable action of triethylphosphine or 
' pyridine (Snape, 1886, C. J. 49,254), which con- 
[ vert phenyl isocyanate only into dicyanate, while 
if certain dry salts are substituted, sodium ace- 
tate, sodium formate, or sodium carbonate, the 
intramolecular re-arrangement goes as far as the 
production of ^yanurate ; these are facts of 
which chemistry in its present state of develop- 
ment offers no explanation. 

From methyl-thiooyanurate thus obtained 
Hofmann isolated in 1885 for the first time free 
Thiocyanurio Acid (B, 18, 2196). The methyl 
' ether, by treatment with sodium sulphide, is 
I converted into the sodium salt, methyl mercap- 
I tan being formed at the same time, and the 
sodium salt, when treated with hydrochloric aoidt 
has its sodium replaced in three stages, forming 
two intermediate acid sodiom thio-oyanurateii 
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tud finally free thio-cyanurio acid. The sodium 
salt of thiocy anurio acid may be also prepared from 
oyanurio chloride by the action of sodium mer- 
oaptide. 

Pursuing the inquiry still further into the 
behaviour of this thio- analogue of Oyanurio 
acid, the action of ammonia and amines on the 
trimethyl ether was investigated in 1885 (J5. 
18, 2755). Water decomposes the ether in ac- 
cordance with the general reaction into cyanurio 
acid and mercaptan, and it was thought that 
ammonia might similarly give mercaptan and 
melamine, thus : — 


acid. Expofriment confirmed this expectation, 
and it became necessary to seek some other 
method. 

This was found by Hofmann in 1885 (J5. 18, 
2781) in a reaction between oyanuric chloride 
and secondary amines. In this reaction neither 
melamine nor its primary alkyl derivatives, but 
secondary alkyl melamines were produced — 
Hexa-alkyl Melamines. These were prepared, 
and it was seen that an examination of the 
decomposition products when acted upon by 
water would decide whether they were normal or 
iso- compounds. Thus : * 


(CN),3SMe + 3H{HO) -(CN),80H +3MeSH 
(CN),3SMe + 8H(NHj) = (CN)33NHj + SMeSH* 

Experiment proved this to be the cjise. Mela- 
mine is thus advantageously jjrtpared. The 
reaction takes place, however, lii three stages, 
two intermediate compounds being formed — 
mono-amido- and di-amido- ether—thus • 


t/; 


SMe 




'NH, 




NH, 


XT ' XTTJ 


C^j^SMe C,N,f-SMe 

\SMe \SMe \SMe \nII; 

ether Intermediate compounds melanuue. 

The action of substituted ammonias was now 
tried, and corresponding alkyl melamines and 
intermediate alkyl amido- ethers resulted. 

Melamine and alkyl melamines are also 
produced, as was expected, from cyanuric chlor- 
ide, and ammonia or aminos, and in this case, 
too, a seiios of intermediate amido- and alkyl 
amido- cyanuric chlorides was obtained, thus : 

/Cl /NH, /NH, /Nil, 
(CN,^. (CN, /C. (CN, /nH, (CN, /.H. 

oynnorlo Intermediate corapounda melauiine, 
chloride 

The second of these intermediate compounds 
was identified as Liebig’s chlorcyanamide (1834, 
.d. 10,48), and its pbenylamido- analogue as the 
compound described by Lament (1848, A. Ch. 
[3] 22, 97) under the name chlorcyanilide. 

The alkyl melamines obtained by these re- 
actions were at once compared with those which ' 
Hofmann had himself prepared sixteen years . 
before by desulphurisation of substituted thio- 
ureas, and were found to be metamerides. Here, 
then, were two metamcric Series of alkyl mela- 
mines just as there are two series of alkyl 
oyanates and cyanurates and their thio- ana- 
logues. One miglit be normal and the other iso-, 
corresponding to the normal and iso- cyanates 
or cyanurates. Their constitution was now to 
be solved. It was feared that the action of 
water would give no clue to the structure of 
these compounds, because on the assumption of 
cither constitution oyanurio acid and amine 
would probably be produced. Thus : 
(CN),3NHMe + 8H,0 = (CN)33&H -i- 8NH,Me 

alkyt-n-meUmine cyanurio acid amiue 

jCNMe),8NH + 3H,0 « (CO),8NH + 3NH,Me 

alkyl-Uo-melamine cyanuric acid amiue. n 

It is tme that in the one case the acid at first 
formed ought to be normal and in the other iso-, 
bat all experience had shown that, whatever 
might be the constitution of the acid in the first 
moment of its existence, it was always found 
when examined to be one and the same cyanuric 


(CN),3NMe, + 3H,0 - (CN)330H -t- SNHMe, 

alkyl-n-melamine oyaiiuuo acid secondary 

amine 

(CNMe)33NMe -f 3H,0 = (CO)33NMe + 3NH.,M0 
nlkyl-iso-mclamine methyl-iso- monainiue. 

cyanurate 

Here was a distinction tliat could be qjjserved, 
and experiment showed t^at the first equation 
represents the reaction which takes place. The 
new alkyl melamines are to be regarded, then, 
ns normal derivatives, and the iso- structure is 
reserved for the metameric compounds derived 
from substituted ureas. 

What, then, is the constitution of raolaraine 
itself ? When the close analogy existing between 
the reactions by which the normal alkyl mela- 
j mines arc produced, and that by which melamine 
itself may be obtained is perceived, there cannot 
remain much doubt as to its normal constitution, 
thus : — 

(CN),Cl3 T 3H(NMe2) “ (CN)33NMe, -i- 3HC1 

(CN),C1, -}• 3II(NHMe) = (CN)33NHMc + 3HC1 
(CN),C1, -f 3H(NH,) = (CN)33NH, -h 3HOI. 
Moreover the normal constitution of cyanurio 
chloride must not be forgotten. From it are 
derived only normal ethers, and from normal 
ethers, as Hofmann himself shows, cyanurio 
chloride may be reproduced by the action of 
phosphorus pentachloride. Two subsequent me- 
moirs (B. 18, 3217 ; 19, 2001) contain a descrip- 
tion of many new derivatives of nomial and iso- 
cyanuric acid and meliHaine. Residues in the 
position which RatUke afterwards proposed to 
designate by the denomination eso are shown to 
exist in some of these complex derived com- 
pounds. This is notably the case with the 
triphenylmelamine which Hofmann designates 
unsymmetrical, and \Yhich Rathke would term 
dicsotriphenylmelamine. It has the formula 
C NHPh 

PhN N 

I I 

HNC CNH 

X/' 

NPh, 

and is composed of two iso-melamine and one 
normal melamine group. The cyanurio ethers 
were submitted to a careful re-examination in the 
first of these papers, and their melting-points 
and boiling-points re-determined and corrected, 
and in most casei their crystalline form sub- 
mitted to exact measurements. 

The question of the constitution of cyanurio 
acid was considered by Hofmann mainly in one of 
tlie memoirs already referred to {B. 18, 2791)> 
It was pointed out in the first place that the con* 
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ititutlon of the normal and iao- Berio.? of alkyl 
derivatives is established beyond quclition by the 
perfectly distinct products which they give when 
Bubjeoted to the decomposing action of water. 
The normal ethers break down into oyanuric acid 
and alcohol, the iso- ethers into carbon dioxide 
and amine. So far, then, as the decomposition 
of the ethers is evidence, cyanuric acid is a nor- 
mal compound. But, on the other hand, no one 
has succeeded in preparing normal ethers from 
cyanuric acid. Iso- others, as in the methods of 
Wurtz and Habich and Limpricht, are always 
obtained. So far, th^, as the formation of the 
ethers is evidence, cyanuric acid is an iso-com- 
pound. Consideration of these reactions leaves 
the question an open^)n9. Other reactions must 
bo studied. It is argued that cyanuric acid is 
iso- because of its formation from urea and cer- 
tain allied compounds ; but this assumes a con- 
stitution for urea which is by no means finally 
establislied ; and which, indeed, as Hofmann 
points out, has been ^ircctly questioned. Again 
to cyanuric acid is assigned the iso- structure, 
because of its homology with cyanic acid, which is 
assumed to be iso-. If cyanic acid were really 
iso- this argument would have great weight ; but 
Hofmann showed, especially by means of its 
close analogy to normal thio-cyanic acid, that 
cyanic acid is probably normal in constitution. 
It is admitted, however, by Hofmann that in 
order to explain all tlie reactions, whichever view 
be accepted, an intra-molecular rearrangement 
has sometimes to be assumed. For instance, 
maintaining the normal hypothesis such a change 
has to be supposed in the case of the reactions of 
Wurtz and Habich and Limpricht. It is shown, 
however, that instances of this change from nor- 
mal to iso- are of frequent occurrence, whereas 
there is scarcely a case on record— only one 
which Hofmann himself in a later memoir pointed 
out • of the opposite change. This then is an 
argument in favour of the normal hypothesis. 
But perhaps tfie strongest of all arguments in 
support of the normal view is the relation of 
cyanuric acid to cyanuric chloride. This chlo- 
ride is, for reasons already given, unquestionably 
a normal compound. Now phosphorus penta- ' 
chloride behaves towards normal cyanuric ethers 
in a manner precisely parallel to its action, as 
shown by Beilstein, on cyanuric acid itself. In 
both cases cyanuric chloride results. Again, from 
cyanuric chloride and alcohol (sodium ethylate) 
normal ether is obtained, and in the parallel 
reaction between cyanuric chloride and water 
(sodium hydroxide) cyanuric acid results. Thus 
(CN),30R' + SPClj - (CNIsCl, + 3POC1, + 3B'C1 
(CN),30H + 3PC1, - (CN)3CIi, -f- 3POC1, 3HCI 
and ’ 

(CN)3C1, -I- 3R'OH - {CN)330R' ^ 3HC1 
(CN),C1, + 8HOH - (CN)330H 3HC1. 

This analogy receives important support from 
the corresponding thio- derivatives. It is scarcely 
conceivable that intramolecular change takes 
place in one series of these reactions and not 
in the other, and indeed the composition of the 
chloride of iso-cyanurio acid is probably such 
that it would be impossiblo for it by metastasis 
to be converted into cyanuric chloride; at all 
events Hofmann shows that the action of phos- 
phorus pentachloride on iso- ether leads to the 


formation of a chloride having an altogether 
composition. In another memoir in 
18.Sb {B. 19, 2084) Hofmann continues this dis- 
cussion. Klaeon in the meantime had offered 
another explanation of Rathke’s dicyandiamide 
and thiqpyanio acid reaction, which led to the 
normal and not the iso- structure for thio-amme- 
line. Hofmann adopted this. With regard to 
the use of more than one formula as suggested 
by Rathke, Hofmann can only admit this prac- 
tice if it be meant to imply that a compound 
behaves in one reaction as if it had one consti- 
tution, and in another reaction as if its consti- 
tution wore a different one. The identity of ^ 
substance requires that in its quiescent state it 
be regarded as one and the same thing. The 
only way out of the difficulty with regard to the 
constitution of cyanuric acid is to adopt that 
formula which explains the most reactions, and 
to assume in the others that metastasis takes 
place. Hofmann therefore adopts the view that 
cyanuric acid is a normal or hydroxyl compound. 

There now remain to be considered a series 
of important communications from the Swedish 
chemist, P. Klason (or Claesson, as it is written 
in the Swedish memoirs). The field indepen- 
dently worked out by this observer is covered 
very largely by that of Hofmann, and has already 
been noticed. This is true also with regard to 
the view to be taken of the constitution of cyanic 
and cyanuric acids and melamine. The leading 
points which remain must now be briefly 
stated. 

In an early communication in 1885 (B. 18, 
496 R.) some important improvements were sug- 
gested in the preparation of cyanuric chloride, 
and the discovery of Cyanuric Iodide was an- 
nounced. A series of normal melamines was 
described a little later (B. 18, 497 R.), and it 
was shown that thio-omraelino was normal and 
not iso-, as Rathke had maintained. Klason 
proved this by its synthesis from Liebig’s chlor- 
oyanamide (normal diamido'eyanurio chloride), 
by the action of sodium sulphydrate. The fact 
that cyanamide by polymerisation gives ordinary 
normal melamine leads to the view that it also 
is normal (B. 18, 499 R.). On the other hand 
Klason considered the only known series of alkyl 
cyanamides to bo iso- compounds because they 
polymerise to alkyl isq- melamines. Maintaining 
the normal structure for cyanic and cyanuric 
acids Klason (1886, J.pr. 33, 126) submitted the 
reasoning of Nencki and the more recent argu- 
ments of Rathke to a detailed criticism. It was 
shown that another formula can be ascribed 
equally well to aoetoguanidine, and that this 
leads to the normal formula for cyanuric acid. 
This is the case also with Rathke’s reaction 
between dicyandiamide and thiocyauio acid, for 
Klason maintained that the diamide is a normal 
and not an iso-^compound. The case of Bam- 
berger’s reaction is admittedly different. In 
order to explain that reaction, metastasis has 
undoubtedly to be assumed. Subsequent exami- 
naition of the melam compounds by Klason (1886, 
J. pr. 33, 285) showed that ordinary melam is a 
mixture of true melam and a new compound 
melem, and that ordinary ammelide is a mixture 
of melanurcnic acid and ammcline. It was there- 
fore proposed to apply the name ammelide to 
molanurenio acid, in which case the oompoundl 
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tMtween oyanurio acid on the one hand and 
melamine on the other would be as foUows 

/OH /NHj /NH, /NHj 

'KS'KSS; 

eyanuricacid ammelide ammeline m^amine. 

MONOCYANOGEN GROUP. 

Normal cyanic acid CNOH i.e. (C:N).OH. 

Formation,—!, By the action of heat on 
oyannrio acid (WShler, O, A. 71, 95 ; 73, 157 ; 
P. 1, 117 ; Liebig a. Wohler, P. 20, 369).— 2. 
In place of cyanurio acid a mixture of P-^Oj and 
urea may be employed (Weltzien, A. 107, 219) 
or a mixture of uric acid with MnO^ or H2SO4 
(Ddbereiner, O. A. 74, 121), or mercuric urate 
may be heated alone. — 3. Cyanic acid is also 
formed when ethyl thiocarbamate is subjected 
to distiUation. CO.NH2.SEt = CNOH + EtSH 
(Debus, A. 72, 1; 75, 127; 82, 253). 

Cyanic acid cannot be isolated by treatment 
of its metallic or alkyl salts with hydrous acids or 
water, for the moment it is liberated it takes up 
the elements of water and appears as NH, and 
CO,. 

Preparation.— Anhydrous cyanuric acid is 
heated nearly to redness in a current of CO,. 
This is conveniently accomplished in a tube 
bent at right angles, the charged arm of which 
can be placed in a combustion furnace. The 
vapour of cyanic acid is led into a suitable con- 
denser surrounded by a freezing mixture. More 
or less polymeric oyamelide is always formed 
and condenses as a snow-white solid in the 
cooler parts of the tube (WQhler) (Baeyer, A. 
114, 166). 

Proiterties , — A thin colourless liquid which 
reddens litmus and has an extremely pungent 
odour suggestive of glacial acetic acid. Tlie 
vapour causes a copious flow of tears and the 
liquid applied to the skin quickly raises a blister. 
S.G. (ii) 1-140; (-^0 (Troost a. Haute- 

feuille, jr. 1868, 314). V.D. 1-50 (calc. =1-40) 
(T. a. H.). H.C. 98,470 (T. a. H.). Cyanic acid 
changes readily into the isomeric cyamclide or 
* insoluble cyanuric acid.’ At 0"^ this transforma- 
tion takes place quietly in the course of an 
hour, but at higher temperatures the action be- 
comes explosive. The hgat evolved by this 
atomic rearrangement is 17,630 gram-units 
(T. a. H., J. 1869, 99). In ice-water cyanic acid ] 
dissolves without decomposition until a certain i 
degree of concentration is attained. 

Beactions, — 1. In presence of triethyl phos- 
phine it polymerises to cyanuric acid (Hofmann, 
C. 8. Mem. 13, 822).— 2. Acted on by water it 
immediately splits into NH, and CO2.— 3. Alco- 
hol reacts on cyanic acid forming allophanic 
ether 2CNOH -t- EtOH - CO.NH,.NH.COOEt.— j 
4. With epichlorh/ydrin C,HjQCl it combines 
to form onloroxypropyl carbamic anhydride 
NH 

0-^H,Cl (Thomsen, B. 11,2136).- 5. By 
the action of aldehyde trigenic acid is produced 
20N0H-fCH,0HO«C4H,N,O,-i-CO2 (Liebig a. 
Wdhler, A. 69, 296; Herzig, M. 2, 398).— 6. So- 
dium amalgam reacts on CNOK, producing 
formamide (Basarow, B. 4, 409).— 7. When dry 
EOi is pused over CNOK or better CNOAg 


oyamelide is formed and a liquid cyanic aeid 
hydrochloridfc CNOH, HCl distils over (Wdhler, 

A. 46, 357).— 8 . With chloral cyanic acid 
vapour combines to form cyanic acid chloral 
(CCl3CHO)2CNOH, and with chloral hydrooy- 
anide it also combines to form the compound 
(CCl3CHO,HCN)CNOH (Bisohofl, B. 6, 86; 
Cecil, P. 8, 1174; 9, 1263; 10, 880; Wallach, 

B. 8, 1327). 

Halogen dekivativks. 

Cyanogen chloride CNCl i.e, (C;N).Cl. 

Formation. — By the action of Cl on aqueous 
hydrocyanic acid (Bertholl^, A. Ch. 1, 36 ; Gay- 
Lussac, A. Ch. 90, 200), or* on certain metallic 
cyanides in presence of water (Serullas, A. Ch. 

[2] 35, 291, 337 ; cf. Wohler, 73, 219 ; Cahours 
a. Cloez, ^.90,97; Cloez, A. 102, 364; Klein, 
A. 74, 85 ; Martius, A. 109, 79 ; Langlois, A. Ch. 

[3] 61, 481). 

Preparation. — About 15 grams of Hg(CN)2are 
placed in a 3-litre bottle and partly cove^^sd with 
water. Cl is then led in rill the whole of the 
air is displaced, and the bottle is sot aside in a 
dark place for 24 hours. The colour of the Cl 
gradually disappears, its place being taken by 
colourless gaseous cyanogen chloride. Several 
such bottles may be charged and set aside at the 
same time. For most purposes the gas thus 
prepared may be at once made use of. If, how- 
ever, it is desired to isolate the pure chloride the 
bottle must be placed in a freezing mixture, when 
crystals of CNCl form, and these by a series of 
operations are separated in a pure state (Serullas) 
(Wohler). Explosions having sometimes occurred 
by the above method (Weith, B. 7, 1745), the re- 
action between aqueous HCN kept in a freezing 
mixture and Cl is preferred by some chemists 
(Gautier, A. 141, 122). In any case the greatest 
care is requisite, on account of the extremely 
poisonous nature of this gas, to prevent its escape 
into the atmosphere of the laboratory. 

Properties. — At ordinary temperatures it is a 
colourless gas with a pungent odohr and irrita- 
ting action on the eyes. Exceedingly poisonous. 
At — 12° to — 15°, or at 0° under a pressure of 4 
atmospheres, it condenses to a colourless liquid, 
and at — 18° it crystallises in prisms. V.D. 
-2-124 (calc. = 2-128) (Salet, .1. 136, 144; cf. 
Wurtz, A. 70, 284 ; Regnault, J. 1863, 65, 67, 
70). C.H. (Berthelot, J. 1871, 79; 1874, 114). 
Polymerises spontaneously but gradually into 
(CN)3Cl3. S. 25 ; 50 (ether), 100 (alcohol). The 
aqueous solution does not redden litmus, and 
gives no pp. with AgNO,. 

Reactions.—!. Potassiwm heated in CNCl gas 
gives KCN and KCl, and antimony in a similar 
manner forms a chloride and liberates cyanogen. 
2. With aqueous BHO it is converted into 
CNOK and. KCL— 3. Alcohols dissolve CNCl, 
and on standing a reaction gradually takes place 
with the formation, among other products, of 
carbonic and carbamic ethers (Wurtz). — 4. With 
sodium alkylate CNCl reacts, forming, in the 
first instance, normal cyanic ethers, which, how- 
ever, immediately polymerise to the correspond- 
ing cyanuric compounds (Cloez, 0. B. 44, 482 ; 
Hofmann a. Olshausen, B. 3, 271).— 6. With 
ammonia cyanamide and NH^Cl are formed, 
and in the same manner alkyl ammonUis form 
alkyl cyanaraides (Cloez a. Cannizzaro, A. 78, 
220 ; 90, 96). 
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Oombincitions. — 1. With other halogen com- 
pounds: SbClaCNOl (Klein, A. 74, 87); BOl, 
CNCl (Martius, A. 109, 79) ; Fe,Cl, 2CNC1 (K.) ; 
TiOl^CNCl (Wohler, A. 73, 220); EtCNONCl 
(Henke, A, 106, 286) ; the compound (ONCl).HON 
(Wurtz, A. 79, 281) is said not to exist (Vogt, 
A. 166, 170).-2. With NH^OH, HCl, PH3HI, 
CO2NH2, cfcc. (Traube, B. 18, 462). 

Cyanogen bromide CNBr i.e. (C:N).Br. 

Formation. ~ By the action of Br on Hg(CN)2 
(Serullas, A. Ch. [2] 34, 100 ; 35, 294 a. 315) or 
on HCNAg (Lowig, Das Brom und seine die- 
mischen Verhiiltnism^ Heidelberg, 1829, 69), or 
on a cold solution of KCN (Langlois, A. Gh. [3] 
61, 482). . I 

Preparation. —When 1 part of Br is allowed 
to flow gradually on 2 parts of ng(CN)., in a 
rctorrt surrounded with ice CNBr and HgBr^ are 
formed with great evolution of heat. The CNBr 
sublimes in needles, contaminated at first with 
free B?, but ultimately the Br flows back and 
enters completely iifto combination. Gentle heat 
is then applied, and the CNBr sublimed into a 
receiver surrounded with ice (Serullas). 

Properth'i. — CNBr sublimes in colourless 
needles, whicli aft(;rward3 change to cubes (S.). 

[ + 4°] (L6wig) ; [above 16”] (S.) ; [not even at 
40”] (Bineau, A. Ch. [2] 68, 425) ; [48”] (Senior, 
priv. com.)\ [52 ’] (Mulder, R. 4, 151). (61°) (750 
mm.) (M.). H.F. (Bertholot, J. 1871, 80). 
Vapour pungent and irritating, resembling 
CNCl. V. sol. H^O and alcohol. Forms a 
crystalline hydrate less fusible than the anhy- 
drous compound. 

ReactMns.—l. Heated in a closed tube from 
ld0°-140° it is converted into (CN) ,Br,.— 2. With 
KlIOAq it forms KBr, KCN. and KBrOj(S.)(L.). 
3. Ammonia gas reacts with the formation of 
CNNI-L and Nil, Cl. 

Cyanogen iodide i.e. (C^N),!. 

Formation. - -By the action of I on mercuric, 
silver, or oliher metallic cyanides (Davy, O. A. 
64,384; Wohler, G. 69, 281 ; Serullas, .4. CA. 
[2j 27, 184; 29, 184; 34, 100; 35, 293 a. 341; 
Van Dyk, R. P. 21, 223). ONI sometimes occurs 
as an impurity in commercial iodine (Scanlan, 
C. S. Jl/cm. 3, 321 ; F. Moyer, Ar. Ph. [2] 61, 29 ; 
Klobach, Ar. Ph. [2] 60, 31). 

Preparation. — 1. Iodine is dissolved in a 
warm cone, solution of KCN until the liquid, on 
cooling, solidifies to a crystalline mass. On 
gently heating the CNI sublimes, and it may bo 
purified by recrystallisution from alcohol or ether 
(Liebig, Ghim. Org. 1, 180).— 2. 2 pts. of iodine 
dissolved in other are added to 1 pt. of Hg(CN)2, 
Reaction takes place, and the CNI goes into 
solution in the ether, from which it may be 
obtained by evaporation (Linncmann, A. 120, 
36). 

Properties. — Long, delicate, colourless needles, 
or from its solution in alcohol or ether in four- 
sided lamintB (Herzog, Ar. Ph. [2] 61, 129). It 
has a pungent, penetrating odour and acrid 
taste. It is very poisonous. Sol. water, more 
sol. alcohol, still more sol. ether and volatile 
oils. No one has hitherto succeeded in converting 
it into the polymeric (CN)^!,,. H.F. (Bortliclot, 
J. 1871, 79 ; 1874, 114) {cf. E. Meyer, J. pr. [2] 
36, 292). 

Reactions.— 1. KHO reacts, forming KCN, 
Kt, and KIO, (SeruUa8).-2. NH, converts it 


N'l) tuiuyanic acids. ai3 

into CNNH, and NH,L-8. With ZnE'* or AIR', 
alkyl nitriles and metallic iodides are formed 
(Oalmels, Bl. 43, 82).— 4. It dissolves in alkaline 
sulphites with the formation of HI, HCN, and 
alkaline sulphates (Strecker, A. 148, 95), 

Con^inations. — When 4 pts. of I are dis- 
solved in a solution of Ipt. of KCN in 2 pts. of 
water long colourless crystals separate, which 
after recrystallisation from ether have the com- 
position KI,4CNI,4aq. [120°-130°] (Langlois, 

A. Ch. [3] 00, 220). J v » . 

Metallic deuivatives v. Cyanateb, p. 297. 

Alkyl deuivatives. Normal cyanic ethers. 

Normal cyanic ethers have never been isolated. 
The reaction between sodium alcoholate and 
cyanogen chloride (Cloez, C. R. 44, 482), which 
was supposed to yield normal cyanic ethers, 
proved when further investigated, both in the 
methyl series ,(Hofmann a. Olshausen, B. 3, 271) 
j and in the ethyl series (Mulder, R. 2, 133), 
to give no cyanic ether, but instead a mixture 
I of alkyl cyanurato and amido- derivatives. 

! There is not much doubt that in this reaction 
j normal cyanic •ethers are formed in the first 
; instance, but they polymerise almost imrae- 
i diately to their cyaiuuic homologues {cf. Pono- 
marelf, B. 15, 515 ; Mulder, R. 1, 210 ; 3, 306), 

Alkoyl deuivatives. 

Acetyl cyanate C3H3NOJ i.e. (C:N).OA». 

Silver cyanurate acts upon acetyl chloride, 
forming what is probably a polymeric form of 
this compound. When this is subjected to dis- 
tillation liquid acetyl cyanate or cyanogen 
acetate is obtained, together with acetonitrile 
and cyanogen. Water decomposes it into 
acetamide and CO . (Schutzenberger, A. 123, 271). 

Normal thiocyauio acid v. Thiocyanic acid. 

Normal cyanamiile CHjN^ i.e. (C:N).NH2. 

Formation. — 1. By the action of CNCl, CNBr, 
or CNI on NH,. CNCl + 2NH3 = CNNH^ + NH,01 
(Bineau,^. Ch. [2] 67, 368; 70, 251; Clo6z a. 
Cannizzaro, A. 78, 229).— 2. CNNNa^ is the end 
product of the reaction bet* veon NH,Na and CO„ 

(а) NH.Na + C03=.NH.,.CO.ONa, 

(б) NHXO.ONa - CNONa + H^O, 

(c) CNONa + NILNa = CNNNa2-i-H30 
(Beilstein a. Gouthor, A. 108, 93 ; Drechsel, 
J.pr. [2] 16, 203). — 3. By the action of sodium 
on urea, ammonium carbamate, or ammonium 
carbonate CO(NH,)2 -t- Na - CNNH„ -f H -f NaHO 
(Fenton, C. J. 41, 262). -4. By desulphurisation 
of thio-urca by means of HgO. CS(NH,),-H.3S 
= CNNH2 (Volhard, J. pr. [2] 0, 25; Baumann, 

B. 0, 1371; Mulder a. Smit, B. 7, 1036). 

Pr ejyarat ion.— II o'lBt freshly ppd. mercuric 
oxide, which has been purified by boiling with 
NaHOAq and then with water, is added in small 
portions at a time to an unsaturated cold solu- 
tion of thio-urca in water. Excess of HgO is 
avoided, otlierwise insoluble mercuric oyanamide 
is formed (F.r^el, B/. 21, 278). The operation is 
continued until all the thio-urea is desulphurised, 
which may be ascertained by the liquid ceasing 
to give a black pp. when a drop of itris tested 
•with NHsAgNOj. The sulphide pp. is then fil- 
tered off and the filtrate concentrated as quickly 
as possible by evaporation, the latter part of the 
process being conducted in a vacuum over 
11,380,. From the residue, ether extracts cyan- 
amide and leaves dicyandiamida, which is also 
formed, undissolved (Yolhard ; Drechsel, /. pr. 
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3 11, 298 ; 21, 79). Another method employe 
L alooholio instead of an aqueous solution of 
iO'Urea (Baumann, B. 6, 1376 ; Pratoriue, J.pr. 

] 21, 181). It is noteworthy that pure thio- 
•ea does not admit of complete desulphurisation 
, this reaction, the presence of traces o4 such 
substance as ONSNH4, however, renders the 
^tion of ^e HgO perfectly easy (Traube, B. 18, 

Properties.— Cyanamide is a white crystalline 
impound [40®]. When melted, however, it may 
3 cooled far below 40® without solidification 
iking place. This, however, is at once eficcted 
y contact with a pointed solid body. V. sol. 
ater, alcohol, and ether ; si. sol. CS.^, CHCI3, and 
eiizene. Heated above 40° it passes into the 
oinologous n-di-cyandiamide (CN).^2NH2, and at 
bout 150° it solidifies with evolution of heat, 
)rming n-tri-cyantriamide or melan»ine, together 
rith other products (Drechsel, J.pr. [2] 13, 331). 
lyanamide suffers this intramolecular condensa- 
iou with great readiness. The change takes place 
t once when a solution containing ammonia is 
vaporated, or, again, when an aliJbholic solution 
3 heated together with phenol. In these cases 
he dicyanogen homologiie results. More slo\yly 
yanamide polymerises into dicyandiamide 
imply by standing. 

Reactions. —1. CNNH^ is reduced by nascent 
T(Zn and HCl), with the formation of NH, and 
leNH... {a) CNNH. + H., - CNH + NH,, 
61 CNH + H4 = MeNH.2 (Drechscl).— 2. Heated 
nth KNOnAq a violent reaction takes place with 
volution of nitrogen and pioduclion of carbon 
lioxide and di-cyandiamide 4CNNH2 + 4KNO.2 
=.2KsCO, + II.O + 8N + (CN),2NH, (Drechsel).— 

1. The addition of HNO, to an ethereal solution 
auses it to combine with a molecule of water, 
orming urea, which, being insoluble in the ether, 
ipts. Sulphuric, phosphoric, salicylic and lactic 
.cids behave in a similar manner (Baumann, B. 
i, 1373; Pratorius).— 4., With haloid acids direct 
addition compounds are formed. — 5. With H.^S, 1 
(t better with yellow ammonium sulphide, cyan- , 
mide combines to form thio-urea.—C. AgNO- 
eacts on CNNH^ forming AgCN and a yellow 
locculent pp. CNNAg,. BGNNHj + 4AgNO. 
»CNNAg2 + AgCN -h AgNO, + CO2 + ON 1 3H,0. 

With glycocoll CNNH^ yields glycocyamine 
Strecker, Handw. d. GJiem. [2] 3, 2Sfi), and with 
nethyl-glycocoll CH.2(NHMe)COOH it forms 
ireatine.— 8. CNNH^ dissolves in aldehyde, and 
ifter standing the mixture becomes resinous, 
ind contains the compound (CNlsBNC.Hpaq 
riethylidene melamine (Knop, A. 131, 253). 

). Heated with oxalic ether formomelamine 
;CN),(NH2)2NHCH0 results.— 10. At high tem- 
oeratures it combines with NH,C1, forming 
guanidine hydrochloride C(NH)2NH„HCl^ and 
with NHaOHCl forming oxyguanidine hydro- 
Bhloride C(N0H)2NH2,HC1. In th<i same man- 
ner, with (CN)SNH4 guanidine thiocyanate 
D(NH)2NH2,HSCN is obtained. — 11. CNNIL 
Bombinea directly with CN, forming a yellow 
powder (Hofmann, J. 1861, 530). 12. With 

CNOK cyanamide combines to form mono- 
potassium amidodicyanate (CN)2.NH2.0K. — - 
13. Alloxanthih reacts on cyanamide, forming 
iso-uric acid (Mulder, B, 6, 1236). — 14. With 
giuinidin it combines to form diguanid. 

Combinations. — With haloid adds (Drechsel* 


J. pr. [2] 11, 315 ; Mulder, B. 7, 1684), 
CNNHa2HCl is produced as a cry stallinepp. when 
anhydrous HCl is conducted into an ethereal 
solution of cyanamide. V. sol. water, sol. alco- 
hol, insol. ether. If to the alcoholic solution of 
this compound HgO be added, and the clear so- 
lution evaporated, crystals of CNNHjHgCljBaq 
are obtained. They are v. sol. water. Tim cor- 
responding HBr compound exists, CNNII/2HBr 
{Y),).-~With chloral. The two compounds com- 
bine directly to form chloral cyanamide, 
CChCnO.CNNH^ (R. Schiff a. Fileti, B. 10, 
42C.). • 

METAIilJC DERIVATIVES. 

Formation. — Monomctallu^ salts. Aqueous 
or alcoholic solutions of alkalis or earths or 
alkyl alkalis, act on cyanamide, giving mono- 
derivatives NaOEt + CNNII,. = CNNHNa + EtOH 
(Drechsel, J. pr. [2] 11,307; 10,205; 21.81). 
Di~metallic salts. — 1. By the action of heat on 
earthy and other metallic cyanates, Ca(€fNO)2 
CNNCa + CO2 (Drechsel).— 2. By heating pure 
Ba(CN)2 in a current of N. Ba(CN)2 + N 
= CNNBa-HCN (Drechsel).— 3. CNNKj is among 
the products of the heating of KCN or CNOK 
with NaHO. „ 

2KCN + 4NaHO = CNNKj + Na^COj Na^O + H4 
(Drechsel). — 4. By heating together NHoNa and 
CNONa. ^ 

CNONa + NHjNa = CNNNa.. + H ,0 (Drechsel) 

Properties. — Sodium salt CN.NHNa. Fine 
crystalline powder. V. e. sol. water, sol. alcohol, 
insol. ether. It absorbs oxygen and COg ^yith 
avidity. With CO2 it forms a salt of cyanamido- 

carboxylic acid isomeride of 

cyanic acid. With ethyl ohloroformate ClCOOEt 
sodium cyanamide combines to form cyanamido- 
dicarboxylic ether CN.N(COOEt)2. Isocyanic 
and isotbiocyanic ethers combine with CNNHNa 
with the production of amido-dicyanic deriva- 
tives CNNHNa + CONEt = CN.(NNaVCO.NHEt. 
Calcium salt (CN.NH)2Ca. This may be pre- 
pared by acting on CNNH^ with Ca(HO).4Aq. 
From an aqueous solution crystals of the salt 
CNN(CaOH).,Caq have been obtained (G. Meyer, 
J.«r.[2] 18, 425). 

Disodium salt CN.NNa.,. Heated with char- 
coal it gives NaCN. Sodium potassium salt 
CN.NKNa (Drechscl). Calcmm salt CN.NCa. 
Decomposed by water with formation of mono- 
salt (Drechsel ; G. Meyer). Mercuric salt 
CN.NHg" (Engel, Bl. [2] 21, 273). Lead salt 
CN.NPb. Ammoniacal solution of CNNHj gives 
a lemon-yellow pp. of this compound with 
Pb(C.;H,0)2. Copper saZ^CN.NCu (Engel). Silver 
salt CN.NAg2. An amorphous yellow pp. V. e. 
sol. HNOj, insol dil. amlnonia. Explodes quietly 
when heated (©rechscl; Boilstein a. Geuther, 
A. 108, 99). 

Alkotl debivativeb. 

Acetyl cyanamide CaHjNjO t.e. 
(ClN).NHAc. 

I Formation.— 1 . By the action of acetyl 
chloride on cyanamide in ethereal solution 
I (Diechsel, J.pr. [2] If, 344).- 2. Sodium acetyl 
cyanamide is formed by treatment of sodium 
cyanamide with acetic anhydiide. This is con- 
verted into the silver salt from v/hich the silver 
, is removed by H2S (ilertens, J. [2] 

I Properties,— A syrupy acid liquid. V. soL 
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Wftter, alcohol, ether, and ohlortform, insol. 
benzene. When heated the liquid undergoes a 
violent reaction and is converted into a solid 
(polymeric ?) mass (Mortens). 

Combinations with metals.-— Sodium salt 
(pN)NAoNa. A hygroscopic crystalline powder. 
Sol. alcohol, insol. ether. Heated it splits into 
acetonitrile and sodium cyanate. Silver salt 
(CNJNAcAg. Prepared by precipitating 
(CN)NAcNa,Aq with AgNO,. A white crystal- 
line powder. Insol. water, v. sol. ammonia. 
Heated it evolves acetonitrile. 

Diacetyl cydSnantide CjH^NjOj i.e. 
(CiN).NAo 2 . Rhombic plates decomposing at 
G5®. Insol. water, sr, si. sol. alcohol, sol. ether. 
Obtained by acting upon CNNHAo in ethereal 
solution with AcCl (Mertens). 

Butyryl cyanamide i.e. 

(0|N)NH(0^H,0). The sodium salt is formed 
by* acting on {CN)NHNa with (C,H, 0)20 in 
ethereal solution. This salt is insol. ether, but 
sol. water. From Iho aqueous solution AgNO, 
ppts. the silver salt, which is sol. ammonia, and 
from which the free cyanamide may bo obtained. 

Isovaleryl cyanamide C,iH,„N 20 i.e. 
(CjN)NH(C 5 HBO). Formed in a similar way to 
acetyl-cyanamide. An acid syrup, sol. water, 
alcohol, and ether. Converted by heat, with a 
violent reaction, into a solid (polymeric?) mass. 
Silver salt (CN)N(CjHBO)Ag. 

Benzoyl cyanamide CgH.NaO t.«. 
(C:N)NHBz. 

Formation.— By the action of benzoyl chlor- 
ide BzCl on sodium cyanamide (CN)NHNa in 
ethereal solution. 

Properties. — Unstable. Decomposes into 
CO 2 , (CN)NH, and BzCN. Digested in ethereal 
solution it polymerises to tribonzoyl normal mel- 
amine (Gerlich, J. pr. [2J 13, 272). 

Lactocyanarnide v. Lactic acid. 

Succincyanimic acid\ 

Succin^yanimide [u. Succmio acid. 

Succincyamide ^ 

Carboxylic dekivativks. 

C yanamidocarbonic acid v. Cyanami- 

DOCARBOXYLIO ACID. 

Cyanamidodicarbonic acid v. Cyan- 

AMIDOD [CARBOXYLIC ACID. 

Condensed cyanamide compounds. 

Cyanogen cyanamide CjHN, i.e, 
(C:N).NH.(C:N). Not known. in a free state. 
CN.NK.cn is formed by the action of KHO on 
CNCi or paracyanogen, or by fusing paracyano- 
gen with KCN. Needles. CN.NAg.CN is ppd. 
when AgNO, is added to an aqueous solution of 
CN.NK.cn (Bannow, B. 4, 254). 

Isocyanio acid CIINO i.e. (C:0):NH. Iso- 
cyanic acid has not hitherto been isolated, neither 
are halogen or metallic derivative^ known. 

Alkyl derivatives. Isocya/nic ethers. 

Formation. — 1. By distilling alkyl sulphate 
of potassium with potassium cyanate. Part of 
the isocyanic ether formed polymerises to iso- 
oyanurate (Wurtz, A. Ch. [3] 42, 431. — 2, From 
carbamines by oxidation with UgO (Gautier, A. 
149, 313).— 8. By the action of alkyl iodides on 
silver cyanate (Brauner, B. 12, 1874). — 4. By 
distilling alkyl-chloroformamides with lime 
(Gattermann, A. 244, 3C). 

Properties.— ho\S’hQi\m^ pungent irritating 
liquids. 


SsacWons.— (Wurtz.) 1. Polymerise gradually 
on standing into the corresponding isocyauurio 
when heated with dilute 
b^eak down into CO , and amines 
CONEt + HjO = COj + NHjEt. When treated with 
water «one the reaction does not go so far, CO* 
«-^alkyl urea being formed, 2C0NEt + H„0 
- CO 2 - CO(NHEt) 2 . — 3. With alcohols they 
combine to form alkyl-carbamic others, thus: 
CONLt + LtHO ^ NHEt.CO.OEt. — 4. Organic 
acids react giving acid amides and carbonic 
acid CONEt + AcOH =.- 00,,+ AcNHEt. — 5 . An- 
hydrides yield tertiary amides and carbonic acid 
C 0 NEt-sAc 20 «C 02 + Ac 2 NEt. -- 6 . NH, and 
prim, and sec. amines combine to form substi- 
tuted ureas CONEt + NHEt., - NEt ..CO.NHEt. - 


7. The oxygen may be replaced by sulpliur by 
tieatment with mustard oils or isothio- 
cyanic ethersHbeing formed. 


Methyl isocyanate C.HjNO i.e. 
(C:0):NMe. (37°) (Gattermann) : (44°) (Wurtz; 
Gautier). 


Ethyl isocyanate CaH^iNO i.e. (C:0):NEt. 
(00°). S.G. 0’89B (Wurtz). The pure ether does 
not polymerise on standing, but tho presence of 
NaOEt quickly transforms it into isocyanurate 
(Hofmann, J. 1801,516 ; A. 103, 358; 115, 275). 
In the same manner NEt„ with which it does 
not combine, determines its polymerisation 
(Hofmann, J. 1862, 335). Hydrochlotide 

CONEt,HCl is formed by acting directly on the 
ether with HCl gas, or by distillation of 
CO(NHEt) 2 ,HCl (Habich a. Limpricbt, A. 109, 
107). Highly pungent irritating liquid (96°) (H. 
a. L.). (108°-112°) (Gal, Bl 6 , 436). Water 
decomposes it with violence into NHJltHCl and 
COj. Hydrobromide CONEt.HBr (118°-122°) 
(Gal). 

Isopropyl isocyanate C,HjNO i.«. 
(C: 0 ):N(C 3 HJ. (67°) (Hofmann, B. 15, 756). 

Isobutyl isocyanate CJI 9 NO i.e. 
(C:0):N(CjH„). (110°) (Brauner, B. 12, 1877). 

Tertiary hvtyl isocyanate CjHgNO i.s. 
(C: 0 ):N(CMe 3 ). The action of isobutyl chloride 
on silver cyanate gives small quantities of iso- 
butyl isecyanate together with tcrthniyl isocyan- 
ate, a polymeric butyl isocyanate, isobutylene, 
cyanic, and cyanuric acids. The polymeric iso' 
butyl isocyanate roinains behind after icrfbutyl 
isocyanate is distilled off, and may be separated 
from the other products by solution in ether 
(Brauner, B. 12,1874). Aromatic pungent liquid. 
(85-6° cor.), S.G. 2 0 8676. Does not solidify 
at - 26°. 


Isoamyl isocyanate C,jH,,NO t.c. 
(C:0):N(C H„). (100°) (Wurtz, J. 1849,428); 
(134°-135‘ ) (Custer, B. 12, 1330). Insol. and 
lighter than water. Solution of I’Etj in ether 
polymerises it to isocyanurate (Custer). 

Hexyl isocyanate CjHuNO i.e, 
(C:0);N(C«Hn). (above 100°) (Cahoura a. Pe- 
louze, I. 1863, 626) . 

• Allyl isocyanate C^H^NO i.e. 
( 0 :O);N(CsH 4 ). (82°) (Cahours a. Hofmann, il. 
102, 297). 

Benzyl isocyanate v. Be^yl cyanate. 
Phenyl isocyanate OjHjjNO i.e, 
(0:O):NPh (Hofmann, A. 74, 9 a. 88 ; /, 1868, 
848; H. 8 , 666 ; 18,764). 
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Formation, — 1. By the distillation of melan* 
^.NPhCO 

Oiimide distilling oxa- 

nilidfi C,0,(NHPh)2 with 8. By the ac- 
tion of PjOj on di-phenyl-urea.— 4. dis- 

tilling a|lyl corbanilate NHPh.CO.OEt with 
PjOj.-S. By acting on melted CO(NHPh).. or 
Na;Ph,HCl with COCla (Hentschel, B. 17, 1284). 

Prc^cr^ies.— Highly pungent irritating liquid 
(16C° at 769 mm.). S.G. 1*092 at 16®. V.D. 4*09 
(oalc. 4*13). 

Reactuyiia,—!. In presence of PEtj.or C^H^N 
|Snape, C,J, 49, 254), it polymerises to diphenyl- 
isodicyanate (C:0)..(NPh)2.— 2. Heated with cer- 
tain dry salts, CH3COOK, HCOOK, or Na^CO, it 
jwlymeriBes to isocyan urate.— 3. It forms addi- 
tion compounds with Cl and Br.— 4. Water im- 
mediately converts it into cai<aanilido and 
CO2, thus: 2C0NPh-»-H20 = C03 + C0(NHPh)2. 
5. Alcohols and phenols combine with phenyl- 
isocyanate to form alkyl phenylcarbamates 

CONPh + EtHO=CO<Q™**. -s- 6. Aimnonia 

amines and amides form with it substituted 
ureas. — 7. Aniline is produced when it is heated 
with zinc-dust. — 8. Heated with Ac,.0; acet- 
anilide and COj are among the products.— 0. In 
presence of AlClj it combines with ar\d 
its homologues to form benzanilide, Ac. 
CONPh + PhH - BzNHPh (Lenckart, 13. 18, 875). 
In the same manner it combines with phenolic 
ethers (Leuckart a. Schmidt, B. 18, 2338). 

ComWtkzfton#.— -CONPh, CI2 : unstable crys- 
tals (Gumpert, J. pr. [2J 32, 294).— CONPh, Br2 
CONPh, HCl. : crystalline [45°] (Hentschel, 
B. 18, 1178). 

p-Bromophenyl isocyanate 
CONC,H,Br. [39®J. (226°). Sol. ether (Denu- 
atedt, B. 13, 228), 

O’Toly I isocyanate C.H.NO i.e. 
(C:0):N(aH,), 

Formation.— By acting on ethyltolylcarba- 
mate with P^O, (Girard, B. 6, 

445). 

Properties.— Liqxxid. (186°). Powerful pun- 
C^nt odour. Polymerises into a solid modifica- 
tion by the action of PEt, Revile a. Winther, 
B. 12, 2324). 

p-Tolyl isocyanate CgH^NO i.e. 
(C:0):N(C,H-). Similar to o-ethcr. Formed also 
from p-toluidine and COCl. (Kiihn a. Henschel, 
B. 21, 506). (185°). Water decomposes it into 
di-p-tolyl-urea and CO, (Hofmann, 13. 3, 606). 

Mesityl isocyanate C,„H,,NO i.e. 
C:0):N(CflH,,). Disagreeable smelling liquid. 
218°-220°) (Eisenberg, B. 15, 1017). 

Gumyt isocyanate 0„H„NO i.e. 
(C:0):N(C„JH„) (Raab, B. 8, 1151)* 

(a)’ Naphthyl isocyanate CuH^NO i.e. 
jC:0)N{C„H,). Pungent irritating liquid. (2C9°- 
270^) (Hofmann, B. 3, 658). 

Diphenyl isocyanate C„H„NO • 

(C:0);N(C,jH,) (Zimmermann, B. 13, 1966). 

Diphenylene diisocyanate 
CO:N.C^,.C,H,.N:CO [122°] (Snape, C. J. 49, 
266 ). 

Tkioisooyaaie add deiivatives v. Tiiioisu- 
OTAKKI ACID. 


Isoeyanan^de (0:NH):NH. Thia oonipoand 
has not been isolated, but its alkyl derivatives 
exist. 

Alkyl derivatives. 

Formation.— 1. By the action of CNCl on 
primary amines (CloSz a. Cannizzaro, A. 90, 96). 
2. By the desulphurisation of alkyl thio-ureaa 
NH2.CS.NHMe - HjS = (CNMe)NH. 

ProperfiC5.~Neutral syrupy liquids. By re- 
peated evaporation of their aqueous solutions, 
polymerisation to the corresponding isomela- 
mines takes place (Baumann, B. 6, 1372 ; Kla- 
Bon, Bihang till K. Svensk(k Vet. Akad. Hand, 
1885, [10] No. 7). 

Methylisocyanamide^O^^^ i.e, 
(C:NMe):NH (Baumann, B. 6, 1372). 

Diethylisocyanamide C.H.oN, i.$. 
(C:NEt):NEt. 

Formation. — 1. (CNEt)NH breaks down when 
distilled into (CNEt)NEt and a crystalline base, 
possibly ethyldicyandiamide (Cloez a. Oknniz- 
zaro). -2. By the action oi (CN)NAg2 on EtI 
(R. Schiff a. Filcti, B. 10, 428). 

Pro2)fir<te5.— Liquid. (186°) (S. a. F.) ; (190°) 
(C. a. C.). By treatment with HCl it yields CO,, 
NH„andNHEt2. 

Allylisocyanamide C.H-N, i.a. 
(C:NC,H,):NH. 

Formation. — (Will, A. 52, 15 ; Robiquet 
Bussy, J.pr. 19, 234 ; Andreasch, M. 2, 780). 

Properties . — A tliick syrupy liquid which 
gradually crystallises in monoclinic four-sided 
jirisms with iaq. [100°]. Sol. water, alcohol, 
and ether. Strong alkaline reaction, Precipi- 
tates metallic oxides from solution of their salts 
and liberates ammonia from its combination 
with acids. The oxalate is dillicultly orystal- 
lisable. Its solution gives precipitates with 
HgCL and PtCl, CiNC^HjNH.HgCL and 
(C:iNC,H,:NH)FtCl,. 

Allylcthylisocyanamide C„H,-N- i.e. 
(C:NEt):NC3H,. 

Pro^icr^ics.— Needles. [100°]. Insol. water, 
sol. alcohol and ether. Reaction alkaline. Tasta 
bitter. Compounds with HgCL and PtCl,: — 
(C:NEt:NC2Hj23HgCl2 and (C:NEt:NC,Hj2PtCl* 
(liinterberger, A. 83, 346). 

Bemylisocyanamide v. Benzylchm- 

AMIDE. 

Dibenzylisocyanamide v. DiBBExvir 

CYANAMIDE. 

Phenylisocyanamido C,H,N»i.e. 
(C;NPh):NH. 

Formatioju — (CloSz a. Cannizzaro; Hof- 
mann, B. 3, 266 ; 18, 3220 ; Berger, M. 6, 219 a. 
453 ; Rathke, B. 12, 773). 

Properties.— ^yrny) gradually crystallising in 
presence of alcohol in needles (Feuerlein, B. 12, 
1002). [47°] (Hofmann). V. si. sol. water ; sol. 
alcohol and ether. When water is added to the 
alcoholic solution phenyl-urea, CO.NHPh.NH^is 
precipitated. In the same manner in a benzene 
solution H,S gives phenyl -thio-urea (Weith,B.9, 
820). Silver salt: C:NPh;NAg (Hofmann; 
Feuerlein ; Berlincrblau, J. pr. [2] 30, 114), 
Platinum chloride •salts: (C H,NjHCl),PtCL 
(Feuerlein) ; (C,H,N22HCl)2PtCl, (Hofmann). 
With acetamide, among other products, two baseSi 
C»H!iiN,„and C,jH„Ng, are formed (Berger). 

Diphcnyl’iaocyanamide CuH^N, i.e, 
(C:NPh):NPh, Formed by the action of CNCl 
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on diphenylamine (Weith, B. 7, 84fl). Rhombo* 
hedra. [292°]. Heated with oonc. HOI it gives 
NH„ NHPh„ and CO^. 

DICYANOGEN GROUP. 

Fttlminio acid CjjH^NaO^. This dibasic acid 
has not been isolated. A solution in ether is, 
however, probably obtained when dry IICl is 
conducted into a mixture of fulminating mer- 
cury with that solvent. It forms acid neutral 
and double salts, all of which are explosive 
compounds. The mercury and silver com- 
pounds have long been known and employed 
for the filling of peaoussion caps. The ethereal 
solution treated wth NaliO evolves NH„ but 
no amine. When it is shaken with NH3 isoful- 
minurio acid, fuhninuramidc, and other products 
are formed (Ehrenberg, J. pr. [2] 30, 65). Dilute 


317 

flask without the application of heat. The sola- 

«n“oo O' of wine 

(JO-92 p c.) and the mixture returned to the 
large flask. After a time a violent reaction com- 
mences, which is moderated by the addition of 
more ipirits of wine to the extent of another 
17 pts. Mercuric fulminate graduallvdeposits, 
and is collected and recrystallised frSm water! 
It may be also purified by solution in KCN and 
reprecipitation by means of dilute acids (Howard, 
Tr. 1800; Liebig,^. 95,284; Steiner, B. 9, 787). 

Properties . — Mercuric fulminate crystallises 
from alcohol in minute octahedra, from water in 
needles containing (Schischkow, A. 97, 64). 
S.G. (anhydrous) 4' 12 (Berthelot a. Vieille, 
A. Oh. [5] 21, 509). V. si. sol. cold, more sol. 
, hot water. Explodes by heat, friction or per- 


H..SO4 also sets free fuJminic acid in presence of | cussion, or by treatment with H.SO . The pro! 


ether, but in this case the products of its decom- 
position give rise to another senes of isomeric 
modiMcations (Scholvien, J. pr. [2] 32, 481). 
Only metallic derii^atives of fulminic acid are 
known. 

Metallic derivatives. 

Disodium fulminate Na.C .NjOj 2aq. 
Formed from mercuric fulminate suspended in 
water by the action of sodium amalgam. The 
liquid concentrated over II, SO, or CaO deposits 
prismatic crystals of the disodium salt. Ex- 
plodes when rubbed or heated. H^O., decomposes 
it with formation of NHg, 00^, and IICN (Ehren- 
berg, tl.pr. [2] 32, 231). 

Disilver fulminate AgjC.^N^O,. 

Preparation . — 1 pt. of silver is dissolved in 
10 pts. of HNO, (S.G. 1'3G), and the solution 
poured into 20 pts. of spirits of wdno (85-90 p.c.) 
(Brugnatelli, A. Ch. 1798, 27, 331; (Jerhardt, 
TraiU de Chim. Oig. 2, 348). The salt separates 
in fine needles. 

Properties.—^. 36 at 100° (Liebig, B. J, 4, 
111); V. si. sol. cold water; v. sol. ammonia. 
More explfieive than the nuTcury salt. 

lleactions . — 1. Half of the metal is replaced 
by treatment with alhaluie cklorides (Hay-huasao 
a. Liebig, A. Ch, [2J 25, 285). -2. Hydrochloric 
acid separates all the silver, but with breaking 
up of the molecule of the acid (Gay-L. a. L.). 
When fuming HCd is employed three-quarters of 
the molecule breaks down into hydroxylamine 
and formic acid, the other products being CO.^, 
NH„ and HCN, With dilute acid more NH.,OH 
and formic acid are formed, and only traces of 
NH, (Divers a. Kawakita, C. J. 46, 15 ; 47, 69). 

Silver sodium fulminate NaAgCjNjO-,. 
Small crystalline plates. 

Silver potassium fulminate 
KAgCjNjOj. Colourless plates. S. 8 at 100° 
(Liebig). 

Silver hydrogen fulminhte HAgC^NjOj, 
Palls as a pulverulent pp. when cone. HNO3 is 
added to an aqueous solution of AgKCjN^O, (Lie- 
big). 

Zinc fulminate ZnC^NjO, (E. Davy, B. J, 
12 , 120 ). 

Zinc hydrogen fulminate ZnH32C2Nj02' 
(E. Davy ; Fehling, A, 2f, 130). 

Copper fulminate CuO^NjjOa (Gladstone, 
A. 60, 1). 

Mercuric fulminate Hg"0,_,N302. 

Pi'eparatum.—^ pts. of mercury are dis- 
•olved in 86 pts. of HNO, (S.G. 1-846) in a large 


ducts of deco*n position are Hg, N, and CO. H.C, 
(Berthelot a. Vieillc). 

Iieactions.—\. Zn and HjSO,, or Sn and 
HCl, or zinc dust and ammonia, break down the 
molecule into Hg, CO^, and NH,.~2. Sodium 
amalgam converts it into the Na salt. The by- 
products of this reaction, by treatment Avith 
ferrous and ferric oxides yield among other com- 
pounds nitropriissidcs.— 3. Heated with water 
containing Cu or Zn, these metals displace the 
mercury. — 4. Chlorine conducted into the salt 
mixed with water reacts, forming HgCL^, CNCl, 
and chloropicrm C(NOJCl3 (Kekul6, A. 101, 200). 
6. Bromine in the same manner forms dibro- 
monitroacotonitril CBrjNOjCN (Schischkow).— 
6. Heated for 8 hours with water alone, or for a 
shorter time in presence of NaCl or NH,C1, it 
polymeribes to the corresponding fulminurate 
(Schischkow ; Liebig).— 7. Mixed with ether it 
reacts with dry HB forming HgS, nitrothio- 
acetamide CH,^(N03)CSNH2, oxalic acid and 
ammonium thiocyanate. In presence of water 
the products are HgS, ammonium thiocyanate, 
and CO2 (Kekule).— 8. Mixed with KHOA<f and 
heated, a pp. of HgO fS,lls.— 9. Ammonia dis- 
solves mercuric fulminate, but when the solu- 
tion is heated to 60°-70° a reaction takes place 
with the production of urea, guanidin, and the 
compound called fulmitriguanarate. Heated in 
closed tubes to 70° with alcoholic ammonia the 
compound fulmitetragnanarate is also formed 
(Steiner, D. 8, 1177; 9, 781).- 10. Cone, 

nci or HBr react, evolving COo, precipitating 
HgCl and 2 mol. of NH.pH going into solution. 
Traces of HCN also occur, but no NH, (Steiner, 
B. 16, 1484 a. 2119; Carstanjen a. Ehrenberg, 
J. pr. [2] 25, 232).— 11. Dilute HCl in the cold 
yields formic acid, hydroxylamine and HgGl, 
(Ehrenberg, J.pr, [2J 30, 41). -12. HjSO, (1 in 
6) reacts on warming, forming CO,, NHj, 
NHpn, HgSOj, and Hg,C,0, (?) (Ehrenberg a. 
Carstanjen ; Divers a. Kawakita). — 18. Oono. 
HCN dissoVes the fulminate, but when the 
solution is diluted Hg{CN), precipitates.— 14. 
Aqueous CNSH reacts, forming CO„ Hg(SON), 
and NH,SCN. With NH4SCN polymerisation to 
fulminurate takes place (Ehrenberg, /. pr, [2] 
30, 62). 

Combinatiofis.—^iih. KI: (HgO.^,OA,El 
(Schischkow). — With KCN : 

(Steiner, B. 9, 786). — With KSON it forms 
HgO,N,0„KSON(Sohisohkow).— WithNagC^NgOiS 
Hg0aN,0„ Na,0aN,0» aq (Ehrenberg)* 
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Compound 

Formation.— This substance, the nature ot 
which is little known, is formed when a cold 
Bolut^n of Hg(NOj)3 free from fumes of HNO, 
ia thrown mto alcohol (Cowper, C. J. 89, 242). 

Properties. — Minute hexagonal platjs. De- 
eompos«| quickly when gently heated, but if the 
tempbraRre be suddenly raised to alraut 130° it 
explode* Insol, water, alcohol, and ether. Sol. 
HCl with decomposition. Sol. and maybe re- 
crystallised from dilute H3SO4. 

Reactions, — 1. With lIjSAq the compound 
yields HgS and mercaptan. — 2. Digested with 
caustic alkalis nitric acid is removed, and the 
compound C2H3(HgO)a,H.D remains. — 3. Heated 
with alcohol and HNO, it is converted into mer- 
curic fulminate. 

Normal amidodioyanio acid G^H, N,0 i.e. 
(H0)0^^^C(NH2). Semi-amiie of normal 
dicyanic acid. 

Formation. — 1. By heating dicyandiamide 
with baryta water one of the amido- groups is 
replaced by hydroxyl (Hallwacfcs, A. 153, 295). 
2. By allowing a solution of CNOK to stand to- 
gether with cyanamide, when direct combination 
takes place, NH2(CN).pK being formed (Hall- 
wachs). 

Properties. — Needles. Monobasic acid. De- 
composes carbonates. Heated alone or together 
with dilute H^SO,, it takes up the elements of 
water, forming biuret, thus : 

(CN)3(NH3)0H + H^O = NH...CO.NH.CO.NH3. In 
the same manner with (NHJjS thiobiuret is ob- 
tained (Baumann, B. 8, 709). 

MbTALLIO UElilVATITES. 

(CN),NH20K. —NaA'.— BaA'2 3aq. — CuA', 4aq. 
Large blue crystals. V. si. sol. cold water. 
Aqueous solution, when boiled, deposits a dark 
green pp. insol. water, and v. si. sol. cold acetic 
acid. This pp. has the composition C^NsCuHO i.e, 

(?) (CN),<^®>Cn.-r (CN).(NH,)OAg. Amor. 

phous powder, or from ammoniacal solution in 
needles. Insol. water. 

AIiKTL debivattveb. 

Ethyl amidodicyanate C^H^NjO, i.e. 
? The sodium salt of this 

compound is formed by dii;pct combination of 
ethyl isocyanate and normal sodium cyanamide. 
The free acid decomposes when liberated with 
formation of cyanamide and other products. 

Salts.— (CNCO):NEt.NHNa,—AgA' (Wun- 
clerUch,J3. 19, 449). 

Dithiodieyanio acid v. Dithiodicvakic acid. 
Normal ^oyandiamide C2H4N4 i,e. 

(NB[j)C^^^C(NEy. Di-amide of normal du 
cyanic acid. 

Formation. — Cyanamide polyqierises to di- 
^andiamide by long continued evaporation of 
its aqueous solution (Beilstein a. Geuther, A. 
108, ^ ; 123, 241). This change is more readily 
effected if a little NH, is present (Haag, A. 122; 
22), or dilute alkalis, or even in the cold when 
concentrated alkalis are employed (Baumann, 
H.6, 1873). 

Properties.— Broad laminis [206°] (Haag). 
Bol. water and alcohoL InsoL ether (cyanamide 
ii mL etiter). 


Rea^ions. — 1. Heated alone one part poly- 
merises to normal melamine, another loses NH^ 
and forms melam (Drechsel, J.p^. [2] 13, 331).— 
2. Heated with water polymerisation takes place, 
and at the same time two amidogen groups are 
replaced by hydroxyl, forming melanurenic acid 
(CN)8(NH2)(OH)2 and NH,. This acid is also 
formed by heating dicyandiamide to 120° with 
a solution of (NH4)2COs.— 8. Heated with dilute 
acids it assumes the elements of water, forming 

guanylurea ^0 <CnH? 0(NH)NH2* 

ELjS guanylthiourea is pri^luced. — 4. With HO 
and zinc melamine and NH3 are formed {cf. Bam- 
berger, B. IG, 14G2). — 6. Gujyiidin hydrochloride, 
together with CO^ and NH.„ are formed by heat- 
ing it with NH4CI at 150° (Bathke, B. 18, 3107). 
6. Heating with Ba(OH)2Aq one amido group is 
replaced by hydroxyl, leaving amidodioyanio 
acid. — 7. It combines with CNSH to form thio« 

/NH3 

ammeline (Bathke, B. 18, 3102). 

\SH 


Metallic derivatives. 

Sodium dicyandiamide C2H,N4Na i.e. 
(CN)2(NH2)NHNa. A soluble crystalline pp. ob- 
tained by mixing together alcoholic solutions of 
dicyandiamide and sodium ethylate (Bamberger, 
B. 16, 1461). 

Dicyandiamido silver 7iitrate (C2H4N4)AgNO,, 
Precipitated in minute needles on adding AgNO, 
to an aqueous solution of dicyandiamide (Haag). 

Silver dicyandiamide C2HjN4Ag 
(ON)2(NHj)NHAg. Formed by treating an aque- 
ous solution of dicyandiamido silver nitrate with 
ammonia. 


Alkyl derivatives. 

Ethyl dicyandiamide C4HgN4 i.e. 
(CN).2(NH2)NHEt. A weak base formed by dis- 
tilling ethyl cyanamide (Cloez a. Cannizzaro, A, 
90, 96). Distils unchanged at 300°. Gives a 
yellow insoluble platinochloride salt. 

Alkoyl derivatives. 

Dibemoyl dicyandiamide CigHj^NgO, 
i.e. (CN)2(NHBz)2. Formed by heating triben- 
zoylmelamine in a current of hydrogen. Crystals. 
[112°]. V. sol. alcohol, less sol. ether, v. si. sol. 
water (Gerlich, J.pr. [2] 13, 272). 

Isodicyanio acid CjHjNjOat.c. (C:0)2(NH)2 or 
CO<[^^g^CO. Alkyl derivatives correspond- 
ing to this hypothetical acid have been prepared. 
Alkyl derivatives. 

(?) Dimethyl isodicyanate CtH^^O^i.e. 
CO<^^^^CO. Methyl isocyanate polymerises 

in presence of PEt, t6 a solid compound [98°] 
(Hofmann, B* 3, 765), which is not identical 
with either methyl isooyanorate [176°-6°J or 
methyl cyannrate [135°], and which possibly 
has the above constitution. 

Diphenyl isodicyanate 0,4H,gN20« 14 ^. 

Formation.— Bj ^wlymerisation of phenyl 
isocyanate in presence of PEt^ (Hofmann, A. 
Suppl. 1, 67 ; B. 4, 246) or pyridine (Snape, 0.‘/* 
49, 254). 

< Pre^rties.— Square tables from aloohoL 
|[176°] Insol. water or ether, y. sL sol* aleohoh 



OYANIO, DIOYANIO. AND TRIOYANIO ACIDS. m 


Emotions. — 1. Heated it evolves phenyl i/jo- 
oyanate.~2. Heated with alcohols if forms alkyl 
diphenylallophanates CO.NHPh.NPhCOOEt.— 
3. With phenof phenyl-oarbanilate is formed 
NHPh.CO.OPh.- 4. Alcoholic ammonia reacts 
with the formation of j3-di-phenyl-biuret 
NHPh.CO.NPh.CO.NH,.— 6. With aniline tri- 
phenyl-binret results. 

Derivative. — Di-p-hromo-phenyl isodicyanate 
(CO)2(NC«H4BrL is formed by polymerisation of 1 
p-bromo-phenyl isocyanate with PEt^. Lamin.p. 
[19*)'^] (Dennstedt, B. 13, 228). 

Di-p-tolyl di^yanate CjNj02(C7lL)2. 
[185°] (Frentzel, B. 21, 411). Conveited by 
alcohol into di-yj-tolvl allophanio ether [111°]. 

TlilCYANOGE]^ GROUP. 

Normal cyanuric acid CgHjiNjO, i.e. 
COH 

/OH N N 

(CiN)*^OH i.e. II I . Tricyanic acid. 

\OH HOg COH 

\/ 

N 

Formation.—!. Dry distillation of uric acid 
(Scheele, Opuscula, 2, 7G).--2. By the action of 
water on (CN),Clj (Seriilhis, A. Ch. 38, 39U). — 
3. By the action of heat on urea (Wohler, B. 15, 
622). Instead of urea it.sclf the salts of urea 
may bo employed (Polouze, A. 44, 106 ; Do Viij, 

A. 61, 219; Wicuomauu, A. 68, .321).— 4. By 
heatinj; cyaraelide with cone. H^SO, (Weltzien, 

A. 132, 222).— 5. Cyanuric acid is ono of the 
products of the action of COCI,, on NH,.— 6. The ' 
action of heat on xaulhogeiuimide 3CS(NH,)OEt ' 
= (CN),(On), + i:tliS (Debus, .4.72, I -7. By ^ 
the action of liL’l on sucii compounds as ni'djiui, 
melon, melon, melonic h}dude, iiKdainmc, atii- 
mehne,amrm'li(lc, paoudotliiocyano ien, undliUv)- 
pvussulcs.— 8. Fioin guanaiuulobyo\:<la!ion with 
HNO, (Ncncki, B. 9, 2.15).— 0. From ejauicjund ! 
by spontauqpus polymerisation togrthor with 
cyamelide. This may be effected by adding HCl [ 
to CNOKAq in presence of ether and agitating. 
The cyanuric acid is taken up by the ether 
(Klason, J. pr. [2] 33, 129). 

Preparation.—!, Urea is heated till it ceases 
to give off ammonia, the residue is dissolved in 
boiling water, and tlio filtrate left to crystallise | 
on cooling. The crystals .so obtained are purified 
by dissolving them in hot ILSO4 and dropping in 
HNO< until the solution is colourless aud effer- 
vescence has c(>ased. After cooling the solution 
is diluted with water wlien the cyanurirf acid falls 
as a snow-wlnto powder (Wbhler a. Liebig). — 
2. Dry chlorine gas is passed into molting urea, 
whereupon the mass swells up strongly, gives off 
fumes of NH,01, together* with HCl and N, and 
is converted into cyanuric acid (iWurtz, A. 64, 
307). - 3. De Vrij (^4. 61, 248) uses IlCl instead 
of Cl. Sorullas prepares the acid from cyanuric 
chloride, and Morz a. Weith {B. 16, 2896) simi- 
larly employ cyanuric bromide. 

Properties. -Colourless obliqub rhombic 
prisms (from water) containing 2 aq,or anhydrous 
octaheora. Measurements (Seforstein a. Sebabus, 
P. 99, 276). Crystals effloresce. By heating to 
100°-120°, or by crystallisation from cone. HOI 
or 110804 , becomes anhydrous (Wfthlor, 

B. J. 10, 83 ; Voit, A. 132, 222). S.G. « 1-768^ 

^ 2*600; 2 228; ts 1*725 (Tyoost a. Ha»ita- 


feuille, J. 1869, 99 ; cf. Schroder, H.^13, 1072h 
H.C. 250,260 (T. a. H.). 8. J2'5 cold, more sol. 
hot water. S. (alcohol) 21°-24°, OT (Senler, 

C. J. 49, 695). Sol. hot HOI, HNO*, or H2SO4, 
without decomposition unless the heat be pro- 
longed ^or a considerable time. Absorption 
spectrum (Hartley, C. J. 41, 48). By treatment 
with PCI5 cyanuric chloride is formed (Hlilstein, 
A. 116, 367). 

Test Reactions . — 1. Heated in a small tube 
closed at one end it evolves cyanic acid, the pun- 
gent odour of which may bo detected even in tJie 
case of very minute quantities (Wohler).— -2. A 
fragment of the acid is dissolved in dilute am- 
monia and a drop of ammonio-sulphate of copper 
solution added. On stirring a beautiful pink 
copper salt is precipitated (Wohler).— 3. A satu- 
rated solution of the acid in cold cone. NaHOAq 
becomes thick ^ith suspended crystals of the tri- 
sodium salt on heating (Hofmann, B. 3, 770). 

Halogen derivatives. 

/Cl 

Cyanuric chloride CjNsClj i.e. (CN)g— Cl. 

’ \C1 

Formation. — 1. By the action of anhydrous 
Cl on anhydrous HON in presence of sunlight 
(Serullas, A. Ch. [2] 35, 291 a. 337 ; Liebig, P. 
20, 360 ; 34, 604). -2. By treatment of cyanuric 
acid with PCI, (licilstein, A. 116, 357). 

Prrjfiamfion.— Theemploymeiitof the method 
of Serullas has given rise to several improve- 
ments, chiefly with the view of preventing the 
formation of persistent double compounds of 
HCl and HCN. The HCN is dissolved in anhy- 
drous ether, into which the Cl is led (Gautier, A. 
141, 122), or the ether may be advantageously 
replaced by chloroform, in which Cl is more 
soluble, for an excess of this agent leads to a 
better result. 70 p.c. of the thsoretical yield was 
thus obtained by Klason {Bdiang till E. Svenska 
Vet. Akad. Handl. 1885, 10, No. 6). Another 
plan to attain this end is t© ensure excess of Cl 
from the commencement. The chloroform sur- 
rounded by a freezing mixture is first saturated 
with chlorine, and then a mixture of Gland HCN 
is passed slowly in until after some 24 hours the 
evolution of HCl ceases, and the whole of the 
HCN is converted into chloride. A portion of 
the cyanuric chloride in most instances sepa- 
rates from the CHtllj during the operation in 
beautiful crystals. The remainder is obtained by 
distilling off the chloroform (Fries, C. J. 49, 739). 

Prop^’rfies.— Colourless crystals. Measure- 
ments (Hofmann (Fock), B. 19, 2063). [146°] 
(Hofmann). fl90'^) (Serullas). V.D. 6‘36 (oalo. 
6-39) (Bineau, A. Ch. [2] 68, 424). Odour re- 
sembling mice. Exceedingly irritating to the 
eyes. Very poisonous. 

Reactions.—!. Cold wafflr has little or no ac- 
tion on (CN).Clj. By long boiling with water 
or quickly in presence of alkalis it is converted 
into cyanuric acid (Serullas). — 2. Alcohols and 
phenol behave similarly to water, cyanuric aoid 
and alkyl chlorides being formed (Klason). — 8. 
KHS in the same manner gives trithiooyanurio 
aoid (Hofmann, B. 18, 2201).y-4. Ammonia or 
afnines react successively, forming normal monp* 
and di-amide- chlorides, and finally normal me- 
lamines (Hofmanu, B. 18, 2774 ; Klason, J, w, 
[2] 88, 294).— 6. Cyanurip ohlayide reacts on ^ 
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anhydrous sodium salts of organic acids giving 
acid chlorides and sodium cyanurate (Senier, <7. J. 
49t 312). — 6. Benzamide is converted by cyanorio 
chloride into benzonitrile, and the water thus 
liberated acts on the chloride forming cyanuric 
acid and HCl (Senier). <- 

/Br 

Cyanuric bromide CjNsBrsi-e. (CN),— Br. 

\Br 

Formation, — 1. By the action of bromine on 
anhydrous HCN (Serullas, P. 14, 446; Ponoma- 
re^B. 18, 3261 ; Merz a. Weith, B. 16, 2894).— 
2. By heating an ethereal solution of CNBr to 
130°-140° (Eghis, B. 2, 159). Pure CNBr does 
not polymerise. Polymerisation may, however, be 
effected by passing HBr through an ethereal 
solution of CNBr when the less soluble polymer- 
ide comes out in crystals (Ponomareff). 

Properties.— Amorphous whi^p powder. At 
300° it melts with decomposition. Insol. cold 
water, cold alcohol, ether, and benzene. Heated 
with water or alcohol it is converted into cyan- 
uric acid. With acetic acid it yields cyanuric 
acid and acetyl bromide (Ponomareff). 

A 

Cyanuric io d id c C,N,Ij i.c. (CN) 3 ^L Ob- 
tained by double decomposition between (CN) 3 Cl 3 , 
and HI in the cold (Klason, Ull K.Svenska 

,Vet. Akad. Hanoi. 1885, 10, No. 5). A dark 
brown insoluble powder which at 200° decom- 
poses into paracyanogen and iodine. Heated 
with water at 125° it splits into HI and cyanuric 
acid. 

Cyanuric chloro iodide CjNaljCl i.e, 

A 

(CN),^I. An intermediate product between 
\C1 

cyanuric chloride and iodide, also formed in the 
preparation of the latter (Klason). 

Metallic derivatives v. Cyanurates. 

Alkyl derivatives. 

Formation . — By 'the action of CNCl on so- 
dium alcoholates, in which case normal cyanic 
ether is probably first formed and then polymer- 
ised (Hofmann a. Olshausen, B. 3, 271). CNBr 
or (CN)j,Br, is conveniently substituted for CNCl 
in this reaction (Ponomareff, B. 18, 3264 , Kla- 
son, J. pr. [2], 33, 131). 

Reactions. — 1. By distilfution they are con- 
verted into the corresponding iso- ethers (Hof- 
mann a. Olshausen).— 2. Heated with dilute of- 
kalis they assume the elements of water, and 
break down into alcohols and cyanuric acid. 

Trimethyl cyanurate C,H,N,0, i.e. 
yOMe 

(ON),e-DMe. Needles. Measurements (Hof- 
NOMe 

mann (Fock), B. 19, 2065). [136°]. (265°) (Hof- 
mann). SI. sol. cold, v. sol. hot water (Hofmann 
a. Olshausen). PCl^ reacts forming (CN),G1, 

g iofmann, B. 18, 2799). With HgCl^ it gives 
JEL^sO^l^Cl, (Ponomareff, B. 18, 3266). 
Diethyl’Cyanurie acid CjHuNjO, i.e. 
yDEt 

(ON)^-OEt. Formed by the action of Ba(HO) 2 Aq 
NOH 

or dilute NaHOAq on the triethyl ether (Ponom^ 
reff, J5. 18, 3267 ; Hofmann, B. 19, 2077 ; Mul- 
der, R. 4, 91). Crystalline powder [100-180] 
(Hofmann). Sublimes above 200° with decom- 


position. ^1. sol. cold water or alcohol, insol. 
ether. Warmed with acids cyanuric acid is Set 
free. The barium salt crystallises with 3aq from 
concentrated or with 12aq ^rom dilute solutions. 
V. sol. water. The lead salt is insol. water. 
Triethyl cyanurate OgHuNjO, 
/OEt 
(CN)3^0Et. 

\OEt 

Properties.— An oily liquid crystallising at 
0° (Mulder, B. 15, 70 ; B. 1, 195 ; 2, 133 ; 4, 91 ; 
Ponomareff, B. 15, 513). [29°-30°] (Hofmann, B» 
19, 2074). (275°) (Klasoi;^, J. pr. [2J 33, 131). 
S. 0‘7 in cold water. V. sol. alcohol, ether, CHC1„ 
and CS-i. The aqueous solution at 0° deposits a 
crystalline hydrate containing 12aq (Mulder). 
With HgClj it forms the crystalline double salt 
CjHjjNjOa.HgClj (Ponomaieff), and with Br the 
compound CjjHjjNaOg.Br, (Mulder). 

Reactions. — 1. Heated to 180°-200° it is con- 
verted into triethyl isooyanurate.— 2. Cunc. HCl 
sets free cyanuric acid.— tfi. Dilute NaHO or 
Ba(HO )3 removes one of the Et radicles form 
ing diethyl-cyanuric acid. — 4. PCh, reacts with 
formation of (CN),Cla. — 5. Heated with cone 
NHjAq to 170°- 180° amidogen replaces othoxyl 
groups, ammeline and melamine being formed. 
Tri-iso-amyl cyanurate CigHjsNjO, i.e. 

yOCAn 

(CN)j^OC 5 H,,. Syrupy liquid. Undergoes in- 
\OC,H„ 

tramolecular change above 360° (Klason). 

Triphenyl cyanurate OjjHijNsO, i.e, 


✓OPh 

/CN),^OPh. Needles. 
\OPh 


[224°]. Distils un- 


changed. Insol. water and ether, sol. benzene. 
Cone. HCl at 180° causes it to combine with the 
elements of water and break dc^vn into phenol 
and cyanuric acid (Hofmann a. Olshausen ; Hof- 
mann, B. 18, 765 ; 19, 2083 ; Klason, Bihang 
till K. Svenska Vet. Akad. Handl. 1885, 10, 
No. 7). 

Tri-p-nitr ophenyl cyanurate 

i-e. (CN),^ 0 C,H,N 03 . Pale yellow 
XoCyH.NOg 

tables. [194°] (Otto, B. 20, 22367. 

Tri-tolyl cyanurates U34HjiN,0, %je, 
yOOAi 
(ON),fOC,H,. 

\00,H, 

Tri-o-tolyl cyanurate. Pale yellow needles. 
[152°] (Otto). 

Tri-m-tolyl cyanurate. Colourless micro- 
scopic needles. [225°] (Otto). 

Tri-p-tolyl cyakurate. Silky colourless 
needles. [207°] (Otto) ; [265°] (Frentzel, B. 21, 
411). 

Tri-eugenyl cyanurate 0„H3,N,Oc «.«• 
/0(C,oH„0) 
(ON)3fO(C,oH„0). 

Pale yellow microsqppic laminss. [122°] (Ottoj. 
Tri-thymyl cyanurate 0|,H„NaOg i.e« 

(CIN),f0^ 

\Oi 

Pale yellow orystaUine powder. [161°] 
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fri.naphthyil cyanuratesQ.^'B^i'^tOai^^ 
yOO„H, 

(0N)^O0.„H,. 

\OC,„H, 

Tri-{o^-nap}ithyl cyanurate. Greenish yellow 
powder, aoo.. “npoaing when heated without hav- 
ing a distinct melting-point. 

Tn-{fi) -'naphthyl cya7mrate. Light green 
powder (Otto). 

Alkoyl dkrivatives. 

Formation.— the action of alkoyl chlor- 
ides on silver cyanurate (PononiareJT, B. 18, 
3273 ; Sonier, G. /.^9, 313). 

Tri-acetyl cyanurate CgH^NjOa i.e. 
yOAo 
(CNl^fOAc. 

\OAo 

Acetyl chloride and silver cyanurate aro 
brought together in presence of ether, the mix- 
ture is afterwards evaporated, and the residue 
crystallised from chloroform. Minute crystals. 
[1*70°] with decomposition. Insol. ether; al. sol. 
CHClj. Sol. warm water with decomposition 
into acetic and cyanuric acids (Ponornaroff). A 
very similar compound to this was obtained by 
the action of AcClon CNOAg in the preparation 
of cyanogen acetate or acetyl evanate (Schutzen- 
berger, A. 123, 271). 

Tri-benzoyl cya^iurate OjiHuNjO,, 
/OBz 
(CN),(-OBz. 

\OBz 

Benzoyl chloride and silver cyanurate are 
heated together in closed tubes at 100°. The 
contents are extracted with 01101^, which on 
evaporation deposits tribcnzoyl cyanurate in 
needles. On lieating it decomposes. SI. sol. 
CHClj ; insol. ether. Warmed with water it de- 
composes into cyanurio and benzoic acids (Senior). 

Normal thiocyanuric acid v. TniocYANuaio 

ACID. 

Normal ^mido-cyanuric acid. Ammdide. 
Melanurenic acid (y. AMSiioniDK). 

Normal diamido -cyanuric acid. Ammclhie 
(d. Ammeline). 

Halogen deuivatives v, Ammm/Ink. 

Alkyl debivativks. 

Di methyl -di-amido cyanuric acid. 
Dimethul amincUne CiH^NjO i.c. 

/NHMe 

(CN).,^NllMo. Dimethyl amule of cyanui icacid. 

\OH j 

Formed by heating di-methyl di-amido cyanuric i 
chloride with dilute acids or by heating it with 1 
water at 200° (Hofmann, B. 18, 2770), or by 
heating tri - chloroacetonitril with aqueous 
methylarnine at 120° (Weddigo, J.pr. [2] 33, 89). 
Crystalline pp. Heated it decomposes without 
melting. V. si. sol. boiling wate»; insol. alco- 
hol and ether ; sol. NallOAq. Possesses acid 
and basic properties. (G 5 H^N 30 ,^Cl),J‘tCl,. 

Ethyl dia^nido - cyanurate v. Amme- 
LINE. 

Ethyl ethylamido-amido-cyanurata. 


.mi. 

Diethyl -ammcline OjHuNj,® i.e. (CN),— NHEt. 

\OEt 

Obtained by acting on (CN)j,Cla with NH.^t 
and treatment of the resulting compound, with 
HCl (Hofmann, D. 18, 211&).—Platinochlor- 
'<deOb,H„NjO,H01),PtOl4. 

VOIi. 11. 


Ethyl di-ethyl- di-amido -cyanurate. 
, /NHEt 

Tn-ethyl-ammeline O.H^NsO i.e. (CN),— NHEt 

t, . . , . ^OEt . 

Formed by heating tri-ethyl-melamine with 
HCl (I^pfmann, B. 2, 604). Syrupy liquid, Pt, 
salt (C„H„N,0,HCl),PtCl,. 

Di -me thy I -di-amido -cyanuric chlor- 
/NHMe 

ide OsH,N,Cl i.e. (CN) 3 ^NHMe. Pre- 

\oi 

pared by the action of (CN) 3 Clg on a solu- 
tion of methylarnine in methyl alcohol (Hof- 
mann, B. 18, 2766 ; Klason, Bihang till JST. 
Svenska Vet. Akad. Bandl. 1886, 10, No. 7). 
Needles. [241°]. Insol. water, alcohol, and ether. 
Soluble with partial decomposition in glacial ace- 
tic acid. Eeacts with water, forming dimethyl- 
arnmeline. .^monia converts it into dimethyl- 
melamine; metiiylamine turns it into trimethyl 
melamine. 

Methyla^nido - methoxy - cyanuric 
/NHMe 

chloride CJivN^OCl i.e. (CN)j^OMe . 

\C1 

Formed in the same reaction with the last- 
mentioned compound (Hofmann, B. 18, 2771). 
Needles. [155°]. Sol. alcohol and ether. 

Phenyl diarnidocyanurate* Phenyl 
/NH^ 

ammcline CylluN^O i.e. (CN) 3 ~NHj. Insoluble 
\OPh 

white crystalline powder. [245°] (Otto, B. 20, 
2210). 

o-Tolyl diamidocyanurate. Tolyl 
/NH, 

ammcline CioHnN^O i.c. (CN) 3 ^NH 2 . 

\0(0,H,) 

White crystalline solid. [225°] (Otto). 

Alkoyl deuivatives v. Blnzoyl amueline. 
Normal cyanuramide. Normal Melamine, 
.mi, 

c.HA (cn)3;-nh,.* 

\NHj 

Formation. — 1. Is one of the by-products in 
tlie preparation of melam by the action of heat 
on ammonium thiocyanate (Liebig, A. 10, 18, 
53, 342 ; Volhard, J.pr. [2] 9, 29 ; Claus, A. 179, 
121 ; B. 9, 1915 ; Jaeger, B. 9, 1554).-2. By the 
action of aqueous ammonia at 100° on (CN),Cl 3 
(Hofmann, B. 18, 2765 ; Klason, Bihang till K. 
Svenska Vet. Akad. Handl, 1885, 10, No. 7). — 
3. From trimethyl thiocyanurate by the action of 
concentrated ammonia at 180° (Hofmann, B. 18, 
2759).— 4. Cyanamido polymerises by the action 
of heat to dioyanamide, and then passing to the 
trimolecular grouping, part forn»s melamine, and 
part with evolution of ammonia condenses to 
melam (Drechsel, J.pr. [2] 13, 331).— 6. Melamine 
thiocyanate is formed when strong ammonia is 
made to act on pseudo-cyanogen sulphide at 
100’ (Pouomareff, J. B. 8, 216). —6. By the ac- 
tion of heat on guanidine carbonate in presence of 
phenol (Nencki, J. pr. [2] 17, 235). — 7. Oyan- 
raelamidine breaks down when heated with HCl 
into melamine and HCN (Byk, J.pr. [2] 20,8461. 

Preparation.—Tnmethyl thiocyanurate is 
inclosed in a tube with an excess of concentrated 
Bblntion of ammonia, and heated at a temperature 
of 180° for several hours. The temperature must 
not vary muon, for if 200° or so is Attained 
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iiydroxyl compounds are formed, and if it falls 
much below 180° the reaction is incomplete, and 
the melamine will be found to contain sulphur, 
rendering a second treatment with ammonia 
necessary. When the operation is successful 
the tube on cooling will contain an upper layer 
of methyl mercaptan, while below in the^iCqueous 
portion large colourless crystals of melamine 
will have made their appearance. It may be 
further purified by reorystallisation from water 
(Hofmann). 

Properties. — Monoclinic prisms (Weibull, 
J. pr. [2] 33, 292). Heated gently it sublimes. 
V. si. sol. cold, V. sol. hot water. V. si. sol. hot 
alcohol, sol. hot glycerin. Powerful base form- 
ing salts and decomposing many metallic salts. 

Beactions. — 1. Heated to low redness two 
molecules combine with evolution of SNH, to 
formmellon (CN),:(NH),:(CN),.-2. Heated with 
dilate HNO, the amidogen groifps are succes- 
sively replaced by hydroxyl giving ammeline, 
ammelide, and finally cyanuric acid (Knapp, A. 
21, 266). — 3. Fused with KHO potassium inollon 
and potassium cyanate are forqied.— 4. (CN)3Cl3, 
AcCl, and ACjO are without action on melamine 
(Senier, B. 19, 312). 

Combinations.— B',HC1 I Jaq : needles (Lie- 
big, A. 26, 187; Byk, J. pr. [2] 20, 315). 
— (B'HCl)2,PtCl, 2aq (Hofmann, B. 18, 2700; 
Klason, J. pr. [2] 33, 203).— B' ,11 ,.SO, 2aq also 
with l^aq and 8aq. V. si. sol. cold water. Test 
for melamine (Drechsel, J.pr. [2] 13, 332 ; Byk ; 
Jaeger, B. 9, 1555).— B',H^SO,. Short rhombic 
prisms. Decomposed by water (Nencki, J. pr. 
[2] 17, 237),— B'2H,C,0,. V. si. sol. water. 
— BTBSCN : prismatic crystals. V. si. sol cold 
water (Claus, B. 0, 1915 ; Ponomareff, J. B. 8, 
216). — ^B'AgNOj. Crystalline j^p. sol. hot water 
and ammonia (Liebig; Byk). — B'2AgN03: j 
needles (Zimmermann). j 

Metallic derivatives. 

By treating (ON)3(NH2)82AgNO, with ammo- 
nia a compound said to be diargentonielarnine 
yNHAg 

(ON),^NHAg is obtained (Zimmermann). 

NNHj 

Alkyl derivatives. 

Femnation. — 1. By the final action of amines 
on (CN),C1, (Hofmann; Klason). -2. By the 
action of secondary amines on (CN)jCl3 (Hof- 
mann, B. 18, 2778). — 3. Bf the action of amines 
on trialkyl thiocyanurates (Hofmann). 

Beactions. — 1. Water (dilute acids) decom- 
poses alkyl-melamines into cyanuric acid and 
amines. 

(CN),(NHEt), + 3HOH = (CN),(OH)3 -t- 3NH,Et 

and 

(CN),(NEg, -I- 3HOH = (CN)8(OH), -h 3NHEt, 
(Hofmann, B. 18, 2773). 

Dimethylcyanuramide. Dimethylmela- 
✓NHMe 

mine. C,H,oN, ».«. (CN),^Nme. From dia- 

mido-cyannric chloride by the action of ammonia. 
Crystailine base. Sol. water, si. sol. alcohol ^nd 
etbir (Hofmann, B. 18, 2768). 

Trimethylcyanur amide. TrimethyU 
/NHMe 

nelamme U. (ClT),^NHMe. Base. 

[116®]. V. soL water and aloohoL— (B'HOl) JPtCl^. 


Prisms. — B'(HCl)j„PtCl<: long needles (Hofmann, 
B. 18, 2768- a. 2767; Klason, pr. [2] 83, 
293). 

Hexamethylcyanuramide. Hexame- 
/NMe, 

thylmelamine CsHirN, i.e. (CN),^NMe3. Base. 

\NMe, 

Needles. [171°-172°]. — (B'HCl).,PtCl, : long 

needles. SI. sol. water ; sol. alcohol (Hofmann). 
Tr iethy Icy anur amide. Triethyhncla- 
/NHEt 

mine C^^Nj i.e. (CN)3^NHEt. Base. Needles 
\NHEt 

(from water) or prisms (from alcohol). [73°- 
74°]. SI. sol. boiling water. Sol. alcohol, ether, 
and benzene.— (B'HCl).,PtCl4: insoluble needles. . 
— B',(HCl).,PtCl4.— B',,AgN03 (Hofmann, B. 18, 
2775; Klason, J.pr. [2] 33, 204). 

Uexaethylcyanuramide. Hexaethyl- 


melamine Ci.Hj.Nfl i.e. 




-NEL 


(CN)3^NEt3. Liquid. 
XNEtj ® 

Sol. alcohol and hydrochloric acid. Base. 
(BT1C1).,PIC14. Crystalline. Sol. alcohol, si. sol. 
water. — BHChAuClj : needles. V. si. sol. water 
and alcohol (Hofmann, B. 18, 2778). 

Tripiperidy I -cy anur amide. Tripipe- 
/NCjH,, 

ridylmelamine C,gH,oNfl i.e. (CN)s^NC5H,3. Base. 

\NC3H,, 

Needles. [213°].— (B'HCl)2PtCl,. Heated with 
HCl at 150° it is decomposed into piperidine 
and cyanuric acid (Hofmann, B. 18, 2780). 
Triethulidencyanuramidc. Tri- 

/NC3H4 

ethylidenmclnmine 0,11, jNg i.e. (ON),;— NC-^H,, 

\NC,H4 

Formed by the action of OH, OHO on CNNHj. 
Sol. alcohol ; insol. water, CSj, CHCI3, benzene, 
and aniline (Knop, A. 131, 253). 

Cyanuramido acetic acid. Melamijl 


/NII3 

acetic acid. C^li^^JJ^i.e. (CN)3^-NTI2 

XNH.CIL^COOH. 
Formation. — By the action of chloro-acetio 
acid in presence of sodium ethylate on cyan- 
amide (Drechsel, J. pr. [2] 11, 332). 

Properties. — Crystalline powder. Decomposes 
without melting when heated. V. si. sol. water, 
insol. alcohol and ether. Sol. alkaline solutions. 
Combines with bases, acids, and salts. 

Combinations.--^ salt : sol. water. Com- 
bines readily with COj. — B'HCl ; needles ; v. si. 
Bol. water; insol. hydrochloric acid.— B'HNOjaq: 
lamime. — B'AgNOg aq : needles. — B'jH^SO^ : 
large prisms. 

Phenylcyanuramide. Phenylmelamine 
/NHPh 

C,H,oN, i.€.-(CN),^NH2 . Formed by heating 

diamidocyanuric chloride with aniline at 160°. 
Prisms. [284°]. Sol. alcohol. (BTIClJ.^PtCl, 
(Klason, [2] 33,295). 

Triphenylcyanuramide. Triphenyl- 
/NHPh 

melamine CaiH,gN5 i.e. (CN),^NHPh. Needles. 

[228°]. (360° sublimes). Insol. usual solvents. 
61. sol. glacial acetic acid (Hofmann, B. 18, 
8218; Klason). 
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Paeudotrii henylcyanurai^ide. Tri- 
phenylnielainino C^HjPh^N^. Formed by tho 
destructive distillation of tribenzoyl-melamine. 
Vellow crystalline insoluble powder. Sol. hot 
phenol. [ 0 . ;JG0°] (Gorlich, J". [2J 13, 28t>; 

Drcchsel, B. 21, lolO). 

Tetraxihcnylcyanur amide. Tetrajplie- 
/NPh, 

nyhnelamme i.c. (CN),:^-NPh.,. 

‘\nh/ 

Formaiion. — 1. By ho i Ling diplienylguani- 
dine to 170°-180° (llofin.uin, B. 7, 1737).— 2. 
By the action of C]>j|pl on aniline at 170''-180° 
(Weith a. Ebert, B. 8, 912). 

, iVqpcrties.— Nc(;dles. [217°]. Insol. water; 

V. sl.‘ Bol. ether. Mono-acid base. Heated alone 
it decomposes into NH.„ mono-, and di-phenyl- 
amine and IICN ; with HCl or K 110 the products 
arc COj, NH„ andaniline. Hydrochloride - 
B'HCl. Pt salt :-(B'HCl),PtCl,. 


Tribenzoyl-cyanur amide. Tribenzoyl' 


/NHBz 

melamine i.e. (CN) 3 ^NHBz. Formed 

\nHBz 

by polymerisation of bonzoyl-cyanainide. Yellow 
powdev« [275°]. Insol. water, alcohol, and ether. 
Heated the products arc CO^, HCN, benzonitrile, 
dibcnzoyldicyanaraide, and pseudotriphenyl-me- 
lamiiiG (Gerlich, J. pr. [2] 13, 272). 

Condensed cyanuramido* compoundi. 

Mel am CnHj,N,, i.e. 




•NHj H,N 




(CN).^NH, H;N-3(CN),. 

\ — NH — / 

Preparation.- -Crudo melam is obtained by 
the action of heat on ammonium thiocyanate 
16CNSNH, = 2 C«IIbN„ + 5(NHJ ,8 -h 4CS, f 3H,S. 
A strong heat should be applied, best by means 
of a metal bgth, rising quickly to 300°, and 
, continued till the evolution of gas ceasi'S (Liebig 
IIe9aphcnylcyanuramidc. Hexaphe- | A. 10, 10; Claus, A. 179, 118). The product 


'NPh, 


' consists of melam thiocyanate and melem. It 
11 ylmclamine C^yllj^N^ i.e. (CN) 3 ~NPh 2 . Bhom- | i^^ washed by boiling with water and afterwards 
\NPh.^ j with cold dilute potash. Then it is dissolved in 

bic tables (from nitrobenzene), [above 300°]. In- ; hot dilute IJCl and reppd. by KIIO (Klason, 
sol. usual solvents. Docs not combine with HCl. | 

At 200^ HCl dccom|jo >cs it into diphenyl amine 
and c^aiiuno acid (Hofmann, B. 18, 3219). 


2Wi-p'tol yUyanura m ide. Tri-pAohjl- 
/NHC-H, 

mclamLiie C„TI„,Na U. (CN) <-NHC,H,. Indif- 

\nhc,h, 

ferent. Insoluble. Needles. [283°] (Klason, J. pr. 
[2J 33, 294). 

TriamidO'tritolyl cyanuramide. Tri- 
toluidylmehniino C.,iH_.,N„ i.e. 


/. pr. [2] 33, 286). 

^ Propel ties. —kn indifferent insoluble powdef. 
Slightly sol. acids and hot alkalis. Heated 
alone it yields NH, and mellon ; with dilute 
acids or alkalis it gives NIIj and ammeliue; with 
cone. HNOj cyauuric acid. 

Melem C,,ll i.e. 




'NH, 11., N 




(CN),^ KH— >(CN), (?). 

\ — Nil — / 


Prepared by di- 


/jNn\ 

(aN),f NH^(CN). (?). 


gosting 1 pt. of crude melam with 4 pts. KHO 
I and 80 pts. of wahT for 24 hrs. at 100°. Melem 
remains unacted upon, while melam is converted 
into ammehiio. By heating with cone. KHO 
melem forms aminelide and NH, (Klason, J. pr. 
[2] 33, 287). 

NHv 

Mellon CJl.N, i.e. (CN),f-NH- . 

\nh/ 

; This compound, which is the homologous tri- 
'NHC H ' modification of cyanogen cyanamide 

mphthylmelunincG.,,U.,}i,{.e. (CN)/n1!c!'’i-L i {<^>'')-NH.(CN), of which metallic derivatives are 
■ ' \ ' known (Bannow), is formed among the products 

of the action of heat on numerous cyanogen 
derivatives -pseudoWiiocyanogen, mercuric thio- 
cyan.ate, ammonium thiocyanate, melem, mela- 
mine, ammeliue, amraelide, diamido-cyanuric 
chloride, cyanamide, &o. (Liebig, A. 10, 4 ; 60, 
3 12 ; Laurent a. Gerhardt, A. Ch. [2] 19, 86 ; 
Vcelckel, P. 61, 375). A light yellow powder. 
Insol. water, acids, and alkalis. Heated alone 
it breaks down into N, CjN,, and HCN ; with 
KHO, into NIIj and melloupotassiiim, and with 
UNO., into cyanilic acid and NH,. 
Mcllonhydride 0,H,N„ i.e. 

N^(CN), = NH (?). • 

\(CN)3 = NH 

• Preparation. — The potassium salt of mellon- 
hydride is formed either by heating a mixture 
of mellon aud KHOAq in presence of cyanogen, 
or by melting potassium thiocyanate together 
with melam, mellon, or SbCl, (Liebig, A. 96, 271 ; 
Volhard, J. pr. [2] 9, 29 ; Klason, J. pr. [2] 38, 
289). The potassium salt is converted into it 

18 


yNHC,II,NH, 

(CN) 3 ^NHC;H„NH,^. Formed by the action of 

\nhc,ii,nh,, 

tolylene-diamiue on cyanuiic chloride (Fries, : 
C. J, 49, 31| a. 739). Tlio two intermediate 
compounds mono- and di-tnlylene-ami do- 
cyanuric chloride are aI:-o formed in tins 
reaction (Fries). 

Trinaphthyl - cyanuramide. Tri- 


siiC:,„H, 

Formed by the action ot (a) aMd(/3)naphtliylamino 
on (CN),Cl 3 {a)-ti inaphlhyl-mclawinc [223°] and 
{&)-trinapJitl!yl-mrlamine [209°] togeth(3r with 
the (a) and (8) mono- and dinaphthylamido- 
cyanuric chlot ides are formed (Fries). 

Triphcnyl- tri - amido - cyanuramide. 
Trianilylmct amine O^iHjiNg i.e. 

/NILNH.rii 

(CN)j^NH.NH.P]i. Obtained together with the 
\NH.NII.Ph • 

mono- and diphcnyniydrazine-cyanuric chloi'ide , 
by the action of phenylhydrazme on (CNjjClj i 
(Fries). ' 

AlKOTL DKRIVATIVKS. 

Formyl - cyanuramide. Pormyl-mela- 
/Nil(CHO) 

mine C^H^N^O i.e. (ON) Anh, . Prepared 

NNII., 

by the action of oxalic ether on cyanamide 
(Mulder, B. 7, 1631). Insol. water. Decomposed 
by acids or long boiling with water. 
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copper compound, and this decomposed by H^S 
gives an aqueous solution of the free hydride. 

Properties . — A strongly acid solution. De- 
composes carbonates. All attempts to isolate 
the free hydride have been unsuccessful. It 
forms primary, secondary, and tertiary Salts. 

Salts. — KH.,C«N,3 . - K,HCbN,., 3aq. — 
KgCgNjabaq. Needles. Bitter. ’ S. 2-7 in cold 
water. — Ca3(0,N,3)2 4aq. — Ba3(C»N,3)2 6aq. — 

5aq. AgjCflNij. 

Gyamcluric acid CJIjNj032.1H20 i.e. 


Olshausen ; Ponomareff, B. 18, 3271 ; Hofmann^ 
15.18,2800; 19, 2023). 

Combinatio^is with formamide (Gautier, A. 
149, 313) (CN)3(NMe)3,HCONIl2. Obtained by 
the oxidation of acetonitrile. [175° with partial 
sublimation] (CN)3(NMe)3,(HCO)2NH. [163°]. 

(108"). 

Dicthylisocyanuric acid 0,H,,Nj,0, i.e. 
/NEt 

(CO)j^NEt. Hexagonal prisms. Measurements 


NH HOv 

/ HO^ 

(CN), 0— ” (CN)3 (?), or possibly 

yOH HO\ 

(CN)/ 1I0-)(CN)., 

^ N / 

Formaiioii. —By tlie long-continued digestion 
of potassium mellon with KHO and liberation 
of the free acid from the salt so obtained by 
HCl (Henneberg, A. 73, 235 ; Volhard, J.pr. [2] 
9, 30). 

Properties. — Powciful tribTisio acid. White 
powder. V. si. sol. water. Heated alone it yields 
cyanic and cyanuric acids and mellon. 

Salta. — KjA'^Saq: needles. Sol. water 
with strong alkaline reaction (Iiiebig, A. 95, 

281).- KH A'" 2aq.— aq- Ag,A'". 

^NH 

Ijocvanuric acid (CO),^NH. The hypo- 

thetical acid corresponding to the isocyanurio 

ethers. 

Alkyl CEnnATivKS. 

Formation.— i. By the distillation of a mix- j 
ture of potassium cyanurate and alkyl sodium 
sulphate (Wurtz, A. Ch. [3] 42, 67).— 2. By the 
action of heat on alkylacetylurea alkyl iso- 
cyanurates are formed, together with ac lamido 
and other products (Hofmann, B. 14, 2728). — 
8. From dialkylur^as by heating (Wurtz, J. 
1856, 700).- -4. By the action of alkyl iodides 
on silver or potassium cyanurate (Habich a. 
Limpricht, A, 109, 112; Ponomareff, B. 18, 
3270).— 5. By polymerisation of isocyanic ethers 
or the intramolecular change of normal cyanuric 
ethers (Hofmann a. Olshau.sen, B. 3, 271). 

Reactions. — 1. The action of ivater (beating 
with dilute acids) causes the isocyanurio ethers 
to break down like the isocyanic ethers into COj 
and amines (Wurtz).— 2. With PCl^ isocyanurio 
ethers do not give cyanuric chloride, but chloro- 
alkyl substitution compounds (Hofmann, B. 18, 
2800). 

DimetJiylisocyanuric acid CjH.N^O, 
^NMe 

i.e. (CO)j "N.AIe. Ncedle.s. Crystal mca.-jure- 
^NH 

ments (Hofmann, J5. 19,2071). [222^]. Its salts 
are not very stable. Ammoniatfal solution gives 
with CuSOi a violet Cu salt. Silver salt v. si. 
sol. water (Hofmann, B. 14, 2728 ; 19, 2069) 
Trimethylisocyanurate CaH^N^Oj i.e. 
^NMe 

(CO),^NMe. Prisms. Crystals measured (Hof- 
^NMe 

mann,H.19,2067). [175°-176°]. (274°). Insol. 
cold, si. sol. hot water. Sol. alcohol. Treated 
with PCl^ the compound (CN)g(OCHjCl), is 
formed.— B'HgCl, crystals (Wurtz; Hofmann a. 


(Hofmann, B. 11), 2078). ni^]. SI. sol. cold, 
sol. hot, \vater. Sol. alcohol, ether, ammonia, 
and alkalis. — B'.Haaq: sol. water. — B'Ag: 
needles, pjid. bv amnioniacal AgNO,. Copper 
salt rose-coloured (Habich a. Limpricht, A. 109, 
112; Wurtz, J. 1856, 700; Ponomareff, H. 18, 
3270). 

Triethyl-isocyamiratc CoH,iNjOj i.e* 
^NEt » 

(CO) , l=N]-.f. Bhombic priuns (Hofmann, B. 19, 
^NEt 


2076). [95°j. (276°). Distils with steam. Sol. 
hot water, alcoliol, and acids. PCI,, has no 
action, and KHO decomposes the ether with 
diihculty. Heated with Ba(OlI) Aq it yields CO, 
and inethy) biuret, and similarly with sodium 
alcoholate ethylene, ethylamino, triethylguani- 
dine, and triethylbiuret aie formed (Hofmann, 
J. 1861, 516). Chlorine forms substitution 
derivatives (Wurtz ; Habich a. Limpricht ; 
Ponomareff; Gal, A. 137, 127). 

'Cetrachlorotriethyl isocyanurate 
C„H,,Cl4N,Oj. Crystals. Insol. water; sol. al- 
cohol. Not ppd. by AgNOa. Compounds con- 
taining less Cl are obtained by the action of 
alcoholic potash (Habich a. Limpricht, A. 109, 
109). 

Tribenzyl isocyanurate v. Bknzyl- 

CYANUKATK. 

Titphenyl isocyanurate 


z^NPh 
t.e. (CO)af=NPh. 
^NPh 


Fonmition. — 1. The NH groups of triphenyl- 
isomclainine are replaced by oxygen by treatment 
With alcohol and HCl. — 2. Phenyl isocyanate is 
pnlymerised to isocyanurate by heating for 3 hrs. 
at 100" with dry potassium acetate (Hofmann, 

B. 3, 268; 18, 765 a. 3225). 

Properties. — Prisms. [274°-276°]. Distils 
mostly unchanged. Insol. water ; sol. hot 
alcohol. 

Carboxylic dkrivativj.s. 

By the actiovi of ethyl chloroformato 
ClCOOEt qp potassium cyanate, besides carbox- 
ethyl-carbamio ether, three carboxethyl deriva- 
tives of isocyanuric acid have been obtained. 
These are triethyl isocyanurcarboxylate, and t^\o 
derivatives intermediate between that compound 
and isocyanurio ether. By distillation they lose 
COj and are converted into isocyanuratos (Wurtz 
a. Henninger, J5Z«44, 26). 

Triethyl isocyanurcarboxylate 
/NCOOEt 

C, .H,gN,0,i.s. (CO)3~NCOOEt. Cxystala. 

XNCOQfit 


[118°- 119°]. 
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Dicarhoxethyl eihylisocycfnurate 
yNCOOEt 

CnHiiNjO, U, (00),^NCOOEt . Crystals. 

[123°]. 

Carboxethyl diethylisocyanuratc 
/KCOUlit 

i.e. (CO),^-NEt . Needles. 

\NEt 

[107°]. 


Isoammelide (liypothetical) 


CNH 


OC 


CO 


Nil 

Alkyl dkihvatives. 

Trimetliyli^oammelide Cjr,oN^O^ i.e. 
CNII 

. Farmed by the action of IICI 

ocl Jco 

NMe 

on the platinum salt of trlmctliyli-^omelamine. — 
iR'ciIles; sol. alcohol, jrisol. cllicr.— 
li'llCI.AnCl., : needles; v. si, sol. water (llol'mann, 
ii. 18, 27H(;). 

Triethylisoammelide Cyll^^N^O.^ i.e, 
CNH 

EtN./^^NEt 

. Obtained by treatment of tri- 

OC\/CO 

NEt 

eiliyl isomelamino with IICI. — {B'H01)_;rtCl| 
(liofinann, B. 18, 2780). 

Triplioiijlisoaminelidc C^.,H„NjO^ i.e. 
CNH 

riiNj^NPh 

From triplienyl isomelamine 

ocl Jed 

NPh 

bv heating' with HCl. Needles. [272°].— 
(i> llOll^jPlClj : amorphous (llolmann, ]i. IB, 
3J2.7). 

CNH 

I1N|/'^,NH 

Isoamraeline (hypothetical) 

OCl.,^yCNII 

Nil 

Alkyl DEnivATivRs, 

TriethylisoainmcliJie CJl^NjO i.e. 
CNH 

rtx/\NEt 

. Formed by the action of HCl 
OCIJCNH 

on triothylisomelamino (Hofmann, B. 18, 2789). 
Triphenylisoammeline C^,H,;NjO i.e, 
CNH 

PhN/'^NPh 

oc' 


I . This and the corresponding iso- 
JCNH 

m 

ammelide derivative represent the two possible 
intennediate compounds between alkyhsomela- 


mine and alkyliso-cyannrate. Both are prepared 
by treatment of ttiphcnylisomelamine with HCl, 
the isoamineline being first formed (Hofmann, 
B. 18, 3221). 

Isomelamine (hypothetical) (ONH),3NH ta. 

CNII 


HN 

1 

NH 

1 

1 

IINC 

1 ‘ 
CNII 


NH 

Alkyl derivatives. 

Fonnakon.—By heating solutions of alkyl- 
cyan, am ides, whereby polymerisation takes place 
(lloijii.inn, B. 2, (502). 

JUactiQii'i. -Heated witli dilute acids the 
alkyl j.somehftnines yjeld NH^, and become 
converted into isocyanurates (Hofmann). 

Trinictky I it,ovi cl amine CbH,N„3aq i.e. 
(CNMe) 3 (NH), 3aq. Needles. [179°]. Commences 
to sublime above 100 k Sol. w'ater and alcohol, 
insol. ether. Keaction alkaline. HCl acts in the 
first instance, forming trimethylisoammelide and 
then trimothylisocyanurate. — B"(HCl) 3 ,PtCl 4 . 
Lamina*. V. si. sol. water and alcohol. — 
B"(HC1 ).„AuC1t Needles (Hofmann, B. 3, 201 ; 
18, 2784; IJaumann, B. 6, 1372). 

Trieihylisomelamine C3H,KN„4afi i.e. 
(CNEt),(NH )3 4aq. Crystals. [92°], V. sol. water 
and alcohol. Reaction alkaline. HCl reacts form- 
ing successively triethyl-isoammeline, triethy[- 
isoammelide, and triethyl isocyanurate.— 5 : 
r/'(IlCl),,PlCl,. Sol. water. — B'tHClAuCl,).,. 
Nr (lies. SI. sol. water and alcohol (Hofmann, 
B. 2, 002; 3, 200 ; 18,2788). 

Tribensfi I - isomelamine C.iHjiNj i.e. 
(CNC,H 7 ),(Nn) 3 . Laminro [higher than benzyl- 
cyanamide|. — B"(HCI ).m Nviedles. SI. sol. water 
(Stinkosch, B. 6, 094). 

Trtphenyl -isomelqmine C.^,H,8N, i.e. 
(CNPh)33N]r. Needle, s. [185°]. V. si. sol. l ot 
water, sol. alcohol and etlier, HCl reacts formiug 
successively tiiphenyl-isoammelinn, triphenyl- 
isoaminelido, and triphenyl-isocyanurate.— 
B,(HCl).^PtC},. Noodles (Hofmann, B. 3, 207; 
18, 3223). 

Nornral-iso Cyanuric acids (hypothetical). 

Alkyl DEitivATifi.s. 

PhenylisQ-dinormal cyanuric acid, 
MoTwphenylisocyanurie acid 

COH 
PhN/^.N 


C,H,N 30 , i.e. 


OC 


\/ 

N 


COH 


Formed by the 


action of cone. IICI on Ralhke’s triphenyl-ara- 
nioline. Flat ncodloH. f285°-289°]. V. sol. hot, 
V. si. sol. coi(l water (Rathke, B, 20, 1070 ; 21, 
603). 

Diphenyliso-normal cyanuric acid 
COH 


or 


PhNr ^,N 


OC 


CO 


Prepared by heat- 


\. 

NPh 

ing M-triphenyl-melamine with cone. HCl at 
160°. The phenylamido group is thus replaced 
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by hydroxyl and the imido- groups by oxygon. 
Needles or lamineB. [261®]. Insol. water, sol. 
alcohol, V. si. sol. ether. With cono. HCl at 
280® it breaks down into COj, NHg, and aniline. 
C-.jHi^gNjOj crystalline pp. formed on ^dition 
of AgNO, to a solution o! tlie sodium sau (Hof- 
mann, B. 18, 3230). 

Kormal-iso ammelines (hypothetical). 

Alkyl dkeivatives. 

Phenylnormalamido • diphenyliso - 
amido-cyanuric acid. TripJienyl ammcUne 
COH 

PhN/'^.N 

0„H,,NaO i.e. . Obtained 

PhNC'^^'CNHPh 

N 

by treatment of ethyltriphenylthioammeline hy- 
drobromide, a compound preparetf'by the action 
of ethyl bromide on triphenyl-thioammcline, with 
alcoholic potash. Colourless lamina?. [275^]. 
V. si. sol. alcohol, si. sol. chloroform. Cone. 
HCl at 160^ converts it into phenyliso-dinormal- 
oyanuric acid (Rathke, B. 20, 1009; 21, 808). 

Phenylnormalamido-phenyliso- 
amido-phenylisocyanurate. TriphenyU 
CNUPh 


PhN 




OC 


0 " . 

iCNH 


Pro- 


xy 

NPh 


pared by acting on Hofmann's w-triphenylmela- 
mine with HCl at 100^. Crystals. [205 ]. 
Heated further with HCl it is converted into di- 
phenyl iso-normal-cyanurio acid (Hofmann, B. 
18, 3229). 

Normal-iso melamines (hypothetical). 

Alkyl dekivatives. 

Phcnylnorvial - diphenyliso - mela - 
mine. U'Triphenyl-melaviine 
• CNH., 

PhN [^Nn 
t.e. I 

PhNC CNH 

NPh 

Formation. — By the desulphurisation of 
monophenylthiourea by HgO in alcoholic solution. 

Properties. — Needles. [^17°]. Insol. Avater, 
si. sol. ether, sol. chloroform, sol. dilute acids 
and reprecipitated by alkalis. 

Reactions. — By the action of HCl it is con- 
verted at 100® into Hofmann’s isonormal tri- 
phenyl ammeline, and at 150*^-200° into diphonyl- 
isonormal cyanurio acid ^Hofmann, B. 18, 3220 ). 

Diphenyl - melamine C,ftH,,N„. A by- 
product in the preparation of Bathke’s triphenyl- 
melamine. Formed together with aniline when 
in that process the further action of alcoholic 
ammonia causes the isonormartriphenylinela- 
mifift to change into tlTe normal isoraeride. It 
may possibly prove to be a normal compound. 
[202®-204°]. (B'HCDjPtCl* (Bathke, B. 21, 872). 

Triphenylmelamine. (?) Diphenylnor- 
mal phenylisomelamine 

CNH, 

PhN /"^.N 

” • PhNC I IcNHPh 


CNH ^ 

PhN \h 

I i • 

PhNC CNPh 

\y 

NH 

Formation . — By the action of alcohol'.o am- 
monia on ethyl triphonyl-thio-ammcline hydro- 
bromide, tho reaction being : C^N^nPh^SEt + NH, 
== C.NJlPh.NHj + EtSH. Diphenylammeline, 
aniline, and normal triplienylmelamine are 
formed in the same reaction (Bathke, B. 20, 1071; 
21,808), 

Fioperties. — Prisms. [221°]. Sol. hot al- 
cohol. Base. The hydrochloride and sulphate 
are soluble, the nitrate is si. sol. water. 

Reactions. Heated with alcohol and am- 
monia it changes to normal triphenylmej^mine. 

. 2. Heated with cone. HCl at 125° it is converted 
I into Batlike’s triphcnylamnfbline, and at higher 
’ teinpeiutures into phenyl iso-dinorraal-cyauurio 
j acid. 

I Other isomerides of cyanurio acid. 

The members of this division of triraolecular 
I compounds are so little known that it would be 
I premature to attempt to assign to them struc- 
tural formula). 

' 'I'ho (a) and (j8) Cyanwic acids (Ilerzig, B. 12, 

I 170) (li e not included, recent investigation having 
shown that when purified they are in all respects 
identical with each other and witli ordinary 
eyanunc acid (Senier, C. J. 49, C93 a. 743). 

I Gyamclide (CNOII),. 

Formation. — 1. Liquid cyanic acid poly- 
mciisos slowly at 0°, and instantly at higher 
tcmpcruturco witli evolutkm of heat forming 
cyainelide. This reaction takes place when cya- 
nates arc treated with anhydrous acids (Liebig 
a. Wohler, P. 15, 5G1 ; 20, 384 ; Trqost a.Himte- 
feuille, J. 1809, 99; Weltzien, A. 132, 222). -2. 
Is formed, together with cyanurio acid, by tho 
action of (CNjaCl, on water (Liebig, P. 15, 603). 
Cf. Mulder (B. 6, 199). 

P) operties. — Tasteless, inodorous solid. Insol. 
water, alcohol, ether, and dilute acid, sol. 
KHOAq or NH^HOAq, cyanurate being formed 
on e\uj)oiation. Heated alone it evolves cyanic 
j acid. Jle.itedwith H^SO, it is converted into 
ordinary cyanuric acid. C^ameiide may possibly 
! prove to be free isocyanuiio acid (Klason, J.pr, 
i [2] 33, 129). 

I Cyanilic acid C 3 N 30 aH, 2 H.; 0 . 

I This compound is so nearly related to cyan- 
I uric acid that when farther studied it may prove 
to bo identical with it. Mellon is heated to- 
gether with'^HNOj, and the product extracted 
with water. Kecrystallised from water it con- 
sists of pearly laminae, or from HNO, of four- 
sided prisms. By solution in H^SO* it is con- 
verted into cyanuric acid, which falls on tho ad- 
dition of water. It has the same proportion of 
water of crystallisaj,ion, and tho crystals efiloresoa 
just in the same manner as cyanuric acid. With 
AgNO, it forms a salt AgH^Cail.O,,, correspond- 
ing to a similar cyanurate. Its solubility in 
water was, however, found to be greater than 
that of cyanuric acid, and its crystalline form to 
be diiTerent (Liebig, A. 10, 34). 
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Fulminuric acid HOjH-NgOi U. 

C:NOH 

A 

HN:C — tiNH. 

Formation, — By heating fulminating mer- 
cury (not fulminating silver) with an aqueous 
solution of alkaline chlorides or iodides (Liebig, 
J. 95, 282 ; Sohischkow, A. 97, 63 ; 101, 213), 
or with water (Ehrenberg, J, ‘pr. [2] 32, 98), or 
in tubes with alcoholic ammonia (Steiner, B. 9, 
781). The potassium or ammonium salt thus 
obtained is converted into the lead or silver com- 
pound which 8uspei¥]ed in water is treated with 
Hj,S. The aqueous solution which results depo- 
sits the free fulminuric acid as an indistinct crys- 
talline powder on spontaneous evaporation. 

Properties. — Small anhydrous colourless 
prisms^from alcohol. Sol. water, alcohol, and 
ether. Solutions have an acid reaction, and 
give a oharactorisffc deep blue pp. with am- 
monio copper sulphate. 

lieactions. — 1. Heated it explodes at 145°. — 

2. Heated with dilute acids or alkalis NH3, 

CO3 and are formed (Steiner, B. 6, 381). 

3. The silver salt heated with conp. HCl sepa- 
rates one of its N atoms as NH^OH (Ehrenberg). 

4. Two atoms of N are evolved as ammonia by 
heating with soda lime.— 6. With chloride of 
lime it forms 0(N0,,)Cl3. — 6. With H3SO4 nitro- 
acetonitrile is formed, and in presence of HNO3 
tri-nitroacetonitrile. 

Halogen derivatives. —C hlorofulminurio 
acid CjH.ClN.Oj. Salts AgC3HClN303. — 
Ag.jCgClNaO,. Bromofulminur ic acid 
CjH.BrNjOj (Ehrenberg, J.pr. [2J 32, 111). 

Metallic derivatives. — NH,A' : prisms, sol. 
water, insol. alcohol (Liebig). 

(NH^A'),(Hg2SCN), [160°j (Ehrenberg, J. pr. 
[2J 30, ^). — NH,A',HgSCN [lGl°j. — 

(NH^A')32Hg(SCN), [156°J. — KA' : prisms, sol. 
water, insol. alcohol. Explodes at 226° (Schisch- 
kow).— MgA'2,6aq : needles (Steiner). — BaA'a2aq: 
prisms (Liebig). —ZnA'2,5aq: needles (Steiner).—- 
HgA'j'- crystalline powder (Steiner). — HgA^.HgO 
(Steiner). — PbA'^, 2aq : needles (Steiner). — 
CuA'2, 4aq: emerald green rhombs. CuA'2,4NH3: 
characteristic deep blue pp. Prisms. Insol. water, 
▼. si. sol. ammonia.— AgA' (Liebig). 

Alkyl dmuaii-vcs.— An unstable oil C,H„N05 
is obtained by passing HCl into a mixture of 
potassium fulminurate and alcohol. It combines 
with NH, and amines- C3H„N03,NH, [162°]. 
C3H„N03,NH2Ph : needles. [81°J (Ehrenberg, 
J.pr. [2] 32, 106 ; Sohischkow, A. 97, 61). 

Jaofulminuric acid CsH^NjOj. 

jf’ormafion.— Together with other products 
by the action of aqueous ammonia on an ethereal 
solution of fulminio acid obtained by leading 
IICI at 0° into a mixture of fulminating mercury 
and ether. The aqueous solution on sponta- 
neous evaporation deposits fulminutamide, and 
from the solution by further treatment isoful- 
minuric acid is obtained. * 

Properties.— Pulverulent. Chars without 
melting when heated. V. sol. water and alcohol. 
Gives no pp. with ammonio-cuprio sulphate. 

Salts.— NH^A'.—BaA'j.— AgA' ; amorphous 
pp., insol. cold water (Ehrenberg, J.pr, [ 2 ] 80 , 48 ). 


MminMrawiie.— long mi- 
nute needles. -(B')20u02NH3: light blue pp.— 

B'8,AgNOg : needles (Ehrenberg). 

Metafulminuric acid C3H3N50j,3H20. 

Porwation.— By the action of dilute ^SO* 
on sodium fulminate. The product is extracted 
with ether which evaporated in a current of air 
below 30° deposits the metafulminuric acid in 
needles. The solution contains isocyanilio acid 
which is formed in the same reaction. 

Propefties.—[8y], Anhydrous acid explodes 
at 106°. Tribasic acid. V. sol. alcohol and 
benzene, less so in water and ether. Decomposes 
gradually with evolution of HON. 

Reactions. — 1. KHO or water at 130° breaks 
it down into CO2 and.NHg.— 2. Heated with 
cone. HCl, NH2OH is formed.— 3. Gradually 
changes into (8)-isofulminuric acid on standing. 

Salt8.-NJEI,H2A'".-(NH,)2HA'".— 
H3A'"(NH2Me)2 : yellow needles. — KjA'". — 
PbHA'"aq : lemon-yellow insol. pp.— Ag2HA'"aq. 
On adding AgNOg to the aqueous solution the 
silver salt falls as a characteristic cinnabar red, 
at first gelatinous, precipitate. Explodes when 
dry at 86° (Scholvien, J. pr. [2] 32, 464). 

{&)Hso fulminuric acid CjH3N30j2^H20. 
Metafulminuric acid changes gradually on stand- 
ing, being converted into this metamerio modifi- 
cation. Needles, from water. [188°]. [196° 

anhydrous, with decomposition], Sol. water and 
alcohol. 

Salts. — NH4A'.— BaA'2.~AgA' insol. pp., 
crystallises in needles (Scholvien, J. pr, [2] 32, 
474). 

Isocyanilic acid (CNOH)r. 

Formation. — To the ethereal mother-liquor 
from which metafulminuric acid has been sepa- 
rated, water is added and the evaporation con- 
tinued, when isocyanilic acid comes out in needles. 
It may be recrystallised from water. 

Properties. — Does not explode on heating. 
Sol. hot water, alcohol, and ether. Gives no pp. in 
aqueous solution on addin^f AgN03orPb(C2H*02)2 
or CuSO^. Heated with cone. KHO the solution 
is coloured deep red violet, and on the addition 
of alcohol a salt of the same colour is ppd. This 
red violet compound in aqueous solution gives 
with Pb(C2H.,0_,)2 a bright red violet explosive 
lead salt PbgCsH^NA (Scholvien, J. pr. [2] 32, 
476). , A. S. 

CYANIDES (including sulphocyanides and 
SELENOCYANiDEs). Biliary compounds of cyano- 
gen. Ill this article only metallic cyanides are 
described. Alkyl cyanides are described as 
nitriles ; e.g. for description of CH3.CN v. Aokto- 

NITBILE. 

Cyanogen forms binary compounds with 
above 30 metals ; most of these cyanides form 
several, some form very many, double cyanides ; 
some of the double cyanides are best regarded 
as metallic derivatives of acids composed of H 
combined with metals qjid the atomio group CN 
(v. post). Cyanogen also forma binary com- 
pounds with the non-metals Br, Cl, I, P, Se, and 
B. Of these compounds, CNBr, CNCl, and CNI 
are described under Cyanic actd (p. 312,318) ; the 
others are described under Cyanooen as Cyano- 
gen phosphide, &c. 

The simple cyanides may be regarded as de- 
rived from oyanhydrio acid NCH, by replacing 
H by metals ; the general formul» expressing 
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their compositionB are NC.M, fNOJtf”, 

Alkali cyanides are formed by the direct 
union of cyanogen with alkali metals, by reac- 
tions between HCNAq and alkali oxides, by 
strongly heating nitrogenous organic^ matter 
with alkali carbonate. Many other cyanides 
are obtainable from alkali cyanides by double 
decomposition. 

Alkali and alkaline earth cyanides are soluble 
in water ; the other simple cyanides, with tlie 
exception of HgCyj, are insoluble in water, but 
may dissolve in solutions of alkali cyanides with 
production of double cyanides. 

Alkali cyanides are very easily decomposed 
with evolution of HCN, passage of a current of 
air free from COj suffices to effect this change. 
Some of the insoluble cyanides are readily de- 
composed by dilute acids, e.g. PbCy.. and ZnCy._,; 
others are very stable towards aci(fs, e.g. cyanides 
of Au, Hg, and Ag. Hot cone. H.^SO^ decomposes 
all cyanides, some easily, others slowly ; the pro- 
ducts are sulphate and HCN or CO and NHj. 
Alkali cyanides are unchanged by lieat alone ; 
cyanides of the heavy metals are decomposed by 
heat, generally forming metal and Cy, sometimes 
N is evolved and C deposited on the metal, or a 
carbide of the metal is formed. Water decom- 
poses cyanides at high temperatures (250°- 
800°), giving (NKJ^CO, and HCO,.NH, with 
metallic oxide, or sometimes metal and 
(NHJjCOj. Chlorine decomposes most cyanides 
generally forming metallic cliloride and CyCl. j 
Boiling with water and excess of ITgO decom- j 
poses all cyanides, except platino-cyanides, witli j 
formation of HgCyj and oxide of the metal of 
the cyanide. i 

Many cyanides form double salts, generally ' 
with haloid metallic compounds. 

Very many cyanides combine with other cya- 
nides to form double cyanides. These double 
cyanides are divisible into two classes, according 
as they are, or are net, decomposed by solutions ' 
of mineral acids with evolution of HCN. Silver 
potassium cyanide, AgKCyj, for instance, reacts 
with dilute HNO,Aq to give AgCy, KNO^, and j 
HON, and with dilute HClAq it gives AgCl, KCl, i 
and HCN ; potassium ferrocyanide, K,FeCy<„ on 
the other hand, reacts with HClAq to give ferro- 
oyanic acid H^FeCy„. The members of the s^•cond 
class of double cyanides arfe generally regarded 
as metallic derivatives of acids which are tliem- 
selves composed of H united with a metal and | 
the radicle cyanogen, the metal and cyanogen i 
together forming the negative radicle of the acid ; | 
thus, ferrocyamc acid H^FeCy^ (better called | 
ferrocyanhydric acid) forms a series of well- 
marked stable metallic derivatives which are ob- 
tainable from the acid by reactions similar to 
those whereby salts are produced from HNO,, 
H,SO„ HaPO„ &c. 

Manganocyanic acid (ormanjauocyanhydric 
acid) H^MnCyg, cohalttcyanic acid (or cobalti- 
cyanhydrio acid) H,CoCya, auricyanic acid (or 
auricyanhydrio acid) HAuCy<, plaiincyanic acid 
(or platincyanhydric acid) HjPtCy^, and some 
other acids the negative radicles of which are 
composed of metal combined with cyanogen, 
have been isolated. Some of these metallic- 
cyanogen acids form derivatives in which part 
cl the negative radicle is replaced by a negative 


group, e.g. B^.FeCyjNO. A few metallic-halogen, 
acids are known, more dr less analogous to the 
metallic -cyanogen acids, e.g. H.AuCl^, H,.HgCl 4 , 
H^.PtClg; but the metallic-cyanogen acids are 
more numerous, and form many more stable 
salts, than the metallic-halogen acids. The nega- 
tive character of the radicle CN is well seen in 
the production of the numerous ferrocyanidos, 
manganocyanide';, platinooyanides, Ac. The affi- 
nities of a few metallic-cyanogen acids have been 
dotorniined (u., e.g., p. 333); they seem to be 
very strong acids; on the other hand cyanhytlrio 
acid N.CH is an extremely weak acid (u. Cyan- 
iiYiutie AGiD, p. 301) ; bu^ sulphocyanio acid, 
N.CSH, has a very large affinity (v. Sulpho- 
CYANIC ACID, p. 303). * 

It would be possible, and for some reasons 
advantageous, to divide the metallic cyanides 
into two main classes ; class I, would include 
those cyanide.s which are decomposed by dilute 
mineral acids with evolution of HCN, ^nd are 
therefore to be regarded as derivatives of HCN, 
and also those which although not yielding HCN 
by reactions with dilute acids must nevertheless, 
on account of their composition and modes of 
prcpai ation, be regarded as derived from HCN 
{e.g. llgCy.J; class II. would include those cyan- 
ides which jyeld metallic-cyanogen acids or are 
derived from such acids. The first class would 
contain all tho simple, and many double, cyan- 
ides. Some double cyanides would hardly fall 
into either class ; HgCy^.2KCy for instance re- 
acts with solutions of salts of Zn, Cd, Pb, Ac., to 
form salts of the general form HgCyj.MCy.j 
(M -Zn, Pb, Cd, Ac.), hence ngCy^.2KCy seems 
to be the K salt of the hypothetical acid H,^HgCy«. 
The metallic-cyanogen acitls which have been 
isolated are H^CrCy,, (salts of HjCrCy^ are also 
known), H,CoCy„, H,CoCy,,, nAuCy 4 , H^IrCyg, 
H^l’eCy,, H.FeCy,, H^MnCy,, H^O.sCy,, salts of 
H,PtCy 4 , ILPtCy^Cl, (or Br^), salts of H^KhCy., 
H,RuCya ; salts of the hypothetical H^PdCy,, are 
also known, but they react mord^ like double 
cyanides. No nickelo- or nickeli-cyanides are 
known corresponding to M,CoCy„ and M^CoCyg; 
Ni double cyanides are easily decomposed by 
dilute acids with evolution of HCy, and are 
therefore to be classed with the less stable double 
cyanides. 

'J’hose cyanides, simple or double, which are 
readily decomposed by dilute acids with form- 
ation of HCy are poisonous ; the stable salts 
of metaUic-cyanogen acids, e.g. K^FeCyg, are not 
poisonous. 

In this article the cyanides will be described 
in alphabetical order; the descriptions of the 
various compounds will show to which of tho 
two main classes of cyanides they belong. 

This artiqlo also includes descriptions of the 
8ulp}iocyanides and the sclenocyanides. 

Sklenocyandjes. These compounds are de- 
rived from selenocyanhydric acid HSeCN. Tho 
acid itself is only known in aqueous solution ; it 
is very easily decomposed to HCN and Se ; the 
K salt is obtained by dissolving So in KCNAq. 
(For individual selepocyanides, v. p. 348). 

SuLPHooYANiDKs. Metallic derivatives of 
sulphocyanio (or thiocyanic) acid. Sulphocyanio 
acid almost certainly has the constitution HS.CN ; 
the replaceable H of cyanic acid is pro- 
in direct union with N. The metallio snl- 
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phocyanides are not strictly comparable with the 
metallic oyanatos ; for this reason ilfseems better 
to use the name sulphocyanides rather than sul- 
(or thio-) cyaruxtes. Cyanhydrio acid is an 
extremely weak acid, but the affinity of sulpho- 
cyanio acid is nearly equal to that of hydrochloric 
(u. Ostwald’a Lelvrhuch der allgevuincn Cliemie, 
2, 849). 

The general formulm expressing the compo- 
sition of sulphocyanides are NCS.M, {NCS),M>h 
(NCS),M”h &o. Those salts are sometimes called 
rJwdanidcs, a name lirst given to them by Ber- 


vapourising excess of acid, and estimating the 
metal in the remaining sulphate by one of the 
usual methods. 

VI. Soluble sulphocyanides may be analysed 
yolunietrically by means of standard Ag solution 
m the same way as chlorides (Volhard, Fr. 1874 

CYANIDES. 

Aluminium cyanide. Not isolated. A double 
Al-Fe cyanide is described by Tissier {J. Ph. 36, 
88 ) as obtained by boiling K^FeCygAq with excess 
, - of an acid solution of a salt of Al; the compo- 

zehus because of the red colour which they give sition of the pp. is approximately 3PeCy,.2Al„Cl . 
with ferric salts | Ammonium cyanide NH,.CN. Formed by . 

Sulphocyanido of K is formed by direct ad- | passing Nil,, over red-hot coal (Kuhlman A 
dilion of S to KCN ; Na HCN is produced by ' 38, 62 ; Clouet,^. Ch. 11, 30; Langlois A *38* 
passing CS, over heated NaNH, (NaNH,-<- C.S, | 64); also by passing CO and NH, over heated Pt 
^NCS.Na + H^H); NH,.SCN may he obtained black (K.,lr.). Prepared by heating together 
by adding (Nir,),,S^ to NClIAij, or by heating C8^ ■ 3 parts dry K,FeCyg with 2 parts NH^Cl at 100'^ 
with alcoholic NH, (CS^-f4Nll, and leading ^le vapour into a well-cooled re- 

= NCS|^H,-f- (NHJ.B); the sulphocyanides of , cciver (Biiicau, C7i. 70, 263). Crystallises in 
the heavy metals are usually formed by double I cubes; volatilises at c. 36° with dissociation 
decomposition fron^the alkali sulphocyanides. | into IICN t NH, (Bineau, Ic. ; Deville a. Troost 


Most sulpliocyanides are soluble in water; 
the salts of Cu, Ph, Tig, and Ag are insoluble. 
Dry alkali sulphocyanitb's may he heated in ab- 
sence of air without change; in presence of air 


C. E. 56,801), Vapour is inflammable in the 
air. Very poisonous. Easily decomposes in the 
air to a brownish mass. Easily soluble in water 
and alcohol. Bi'i’thelot (C. E. 91, 82) gives the 


yOj is evolved and sulphate and cyanate are following thermal data: — [C, N'^, IDJ = 3,200 
produced. Sulphocyanides of the heavy metals (formation of solid NH,.CN); fN,CN,H^]~ 40^500 


arc decomposed by licat, generally giving S, CS_,, 
metallic sulpliide, and mcllon (q. v. p. 323), 
on strongly heating the mcllon yields Cy and N. 
The insoluble sulphocyanides are completely de- 
composed by HjS. Suipliocyariides of P and Si 


(solid NH,.CN); [IICN, Nll'j-- 20,500 (solid 
NII,.CN from gaseous materials) ; [HCNAq, 
NH^Aql = l.HOO ; [NH'.CN, Aii] = -4,400. 

Barium cyanide Ba(CN),. Prepared by 
heating Ba^'’e(CN)^, and extracting with water 


P(SCy)„ and Si(SCy)^ respectively, are described (Schulz, /.pr. 68, 257). The hydrate Ba(CN)^.H.p 
under Pnospiioaus and Silk-on. | may be prepared by bringing HCN gas into con- 

Many double sulphocyanides -aro known ; j tact with hydrated BaO (for details v. Joannis, 
most of these react as double salts, but some as ; A. Ch. [5] 27, 489). It is also formed when air 
metallic derivatives of acids composed of II ! is passed over a red-hot mixture of BaO and C 
united with a negative radicle which is itself j (Margucritto a. Sourdeval, C. E. 50, 1100). Crys 
composed of metal and sulpliocyanogen (SCN). ( tallirie; quickly absorbs COj from air; si. sol. in 
For instance cluomsulphocnaniG (or chrom- I water; lieatcd to 300° in steam evolves NH,. 
Bulphocyanflydric) acid H,Cr(SCN)3 is known in j When HCN is passed into BaO in CH.,.OH, a 
aqueous solution, and many salts of this acid j crystalline powder is formed of the composition 
have been isolated. The acid H.,Pt(SCN), is ! Ba.GN.OCH3 h- CH, .O il, andwhen this is strongly 


also known in aqueous solution. (For individual 
sulphocyanides v. p. 348 et srq.) 

Aiiali/sifi of cyaniden and sulphocyanides. 

I. Alkali cyanides are estimated by ppn. 
with AgNOjAq, or by Liebig's volumetric method 
{v. Cyanuydric Arm). 

II. Many cyanides, including the double 
compounds of NCK with CuCy^, NiCyn, and 
ZnCy,, may be esiimated by heating for some 
time with AgNO..,, then adding HNO,,Aq, and 
heating again ; the AgCN formed is collected 
and weighed. According to Weith {Fr. 9, 379) 
KjFeCya, KsCoCy,,, and Prussian blue, may bo 
wholly decomposed by heating for several hours 
in a closed tube ^vith ammoiiiacal’AgNO,; oxide 
of the heavy metal is ppd. while NH,Cy goes 
into solution ; filtering and adding HN03Aq ppts. 
AgCy. 

III. Mercuric cyanide may be analysed by 
heating with ammoniacal Zn(N03).^, whereby 
ZnCyj is formed {v. Eose a.JFinkener, Fr. 1, 288). 

IV. Many cyanides may be analysed by long 
boiling with HgO and water, filtering and deter- 
mining Oy by boiling with ammoniacal Zn(NO,)j. 

V. The metal in most cyanides may be deter- 
mined by continued heating with cono. 


heated barium oxycyanide BaCy.^.BaO is formed 
(Drcchsel a. Kruger, J. pr. [2J 21, 77). Joannis 
(Z.c.) gives the following thermal data : — 
[BaOAq, 2HCNAq] =. 6,340 ; [BaCyS Aq] - 1,780. 
Woselsky (Z. [2J 7,61) prepares various double 
cyanides containing barium cyanide by 
passing HCy gas into a mixture of BaCOj with 
a salt of the other metal ; e.g. using PtCl^Aq 
and BaCOj, the double cyanide BaCyj.PtCy, is 
obtained. The following double cyanides were 
produced : [M - BaCy.J 2M.3CdCy3.10H3O ; 

M.Cu,,Cy,.H.O; M.NiCy.,.3H,0 ; M.PdCy^.IHjO ; 
M.2AgCy.H;0 ; M.ZnC.y2.2H30. 

Cadmium cyanide CdCyj. Obtained by dis- 
solving freshly ppd. CdO.M,p in ECyAq, filter- 
ing from oxycyanide, and crystallising (Eam- 
melsbcrg, P.*38, 364). Small white crystals; 
unchanged in air; decomposes above 200'* in 
air. S. c. 1*7 in cold water. H.F. [Cd, Cy*, Aq] 
,-33,960; [CdO^HS 2HCyAq]=i 13,700 {Th. 3, 
474). 

Cadmium oxycyanide. By digesting CdO.M.O 
in HCyAq : the residue insol. in the acid is said 
to have the composition Cd0y|.0dO.6BLO 
(Joannis, 0. B. 93, 271). 

Double cyanides containing cad* 
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mium cyanide. The salt CdCy,.SKCy is pro- 
duced by adding KOyAq to solution of Od ace- 
tate, evaporating, and crystallising. White oc- 
tahedra ; v. sol. water ; unchanged in air at 
0 . 200°. H.P. [Cd, Oy», 2KCyAq] » 44,760 ; 
[OdCy»Aq, 2KCyAq] = 10,790 {Th. 8, 4741. Solu- 
tion gives pps. with various metallic ^Its, e.g. 
with solution of salts of Ca, Ba, Cu, Mn, Sr, Zn 
(Bammelsberg, P. 38, 364). The double salt 
2 CdCy,.Cu 20 ya is said to be formed by dissolving 
CdOjHa along with CuCO, in HCyAq, and evapo- 
rating (Schuler, A. 87, 48). By dissolving 
CdOjH, and CuOjHj in HCyAq and allowing 
the liquid to evaporate in the air, the salt 
SCdCyj.CuCyj is obtained (Schuler, Z.c.). Various 
other double salts are described by Schuler (l.c.), 

Caloiom cyanide Ca(CN).^. By heating 
CajFeCy, (Schulz, J. 68, 257). A solution of 
CaOyj is obtained by adding HCyAq to CaCO^ ; 
the solution soon decomposes ; if cone., crystals 
of an oxycyanide separate, .3CaO.CaCyo,15H..O 
(Joannis, G. E. 92, 1338, 1417). ‘ H.F. 
[CaOAq,2HCyAq] - 6,440 ; [Ca,Cy=,Aq] = 115,340 
(Joannis, A. Ch. [6] 27, 489). 

Cerium cyanide, not isolated. KCyAq added 
to salts of Ce ppts. a white solid which at once 
decomposes with evolution of HCN, leaving Ce 
oxide (Beringer, A. 42, 139). 

Chromium cyanides. Simple cyanides have 
not been isolated ; the pps. obtained by adding 
KCyAq to CrCljAq and CrClsAq soon decom- 
pose. 

Potassium chromocya7iide K^CrCyg. 
OrCO, (obtained by adding k^COsAq to CrClsAq 
saturated with COj, air being excluded) is mixed 
with KCyAq until the solid has partially dia- j 
solved, the yellow liquid is filtered and evapo- 
rated (Moissan, A. Ch. [G] 4, 136). Long yellow 
needles ; S.G. 1*71 ; 8. (20^) 32-33 ; insol. alco- 
hol, ether, benzene, and chloroform. Unchanged 
in air at ordinary temperature. Non -poisonous. 
Aqueous solution partially decomposed on boil- 
ing. Oxidising agents form chromicyanide, 
KjCrCy,; with FeS 04 Aq gives red colouration, 
part of the salt in a solution may be thus 
(fetected (Moissan, l.c.). Gives pps. with metallic 
salts {v. also Christensen, J.pr. [2] 31, 163). 

Potassium chromicyanide K^CrCyg. 

■ Prepared by oxidising K^CrCy^ ; or by heating 
KCyAq with Cr alum, or Vith Cr-K clil<>ridc"^ 
or by dissolving freshly ppd. CroOJi„ in acetic 
acid, evaporating to dryness, dissolving in water, 
and adding the liquid to hot KCyAq (Kaiser, A. 
Supplbd. 3, 163 ; Stridsberg, J. 1864. 304 ; Des- ! 
camps, A. Ch. [6] 24, 178; Christensen, J. pr. • 
[2] 31, 163). Yellow monoclinic crystals; sol. j 
water, insol. absolute alcohol ; easily decomposed 
by dilute acids. Gives pps. with most metallic 
salts (v. Christensen, J.pr. [2] 23, 52). 

Ammonium chromicyanide 
(NH 4 ),CrCya (Kaiser, A. Supplba. 3, 163). 

Chromocyanhydfic acid H^CrCy^ (c7iro- 
mocyanic add). Sn^ white crystals, obtained 
by decomposing the K salt by dilute HjSO^Aq ; 
sol. water, solution rapidly decomposes in air 
(Moissan, A. Ch. [6] 4, 136). 

According to Descamps {A. Ch. [6] 24, 178) 
salts analogous to nitr&prussides {q. v. p. 340) 
are produced by passing NO into chromocyau- 
ides. 


Cobalt ^yanides. One simple cyanide, 
CoCy.^, is known ; two series of salts derived 
from cobalto-oyanhydrio acid and cobalti-cyan- 
hydric acid have been prepared; the cobalto- 
cyanides are very unstable, while the cobalti- 
oyanides are stable salts. 

Cohaltous cyanide Co(CN)j. Buft-oo- 
; loured pp. by adding KCy to Co salts, or HCNAq 
to Co acetate (Wohler, QeUen's Joum. 6, 234). 
The pp, contains 2H.p which it does not lose 
; till c. 280^^ (Zwenger, A. 62, 167). Dissolves in 
KCyAq to form KjCoCy., which quickly changes 
' to K,CoCy«. 

Cobaltocyanhydri^ acid H^CoCy^ {Co- 
baltocyanic acid). Very unstable pp. obtained 
! by decomposing Pb cobaltGcyanido by U.^S, fil- 
tering, and adding alcohol (Descamps, Bl. [21 
, 31, 49). 

I Potassium cobaltocyanida K,CoCy^ 

I Amethyst-coloured, deliquescent needles ; ob- 
! tained by adding alcohol to a cold solution of 
I CoCy., in a slight excess of ^nc. KCyAq. Very 
unstable: easily changes to KgCoCya. Insol. 
alcohol and ether. Solution gives pps. with many 
metallic salts ; these are probably cobaltocyan- 
idos (Descamps, l.c.). According to Descamps 
(A. Ch. [5] 24, 178) salts analogous to the futro 
2 >iussides {q. v. p. 340) are obtained by passing 
NO into cobaltocyanides. 

Cobalticyanhydric acid HsCoCya.a;HaO 
{Cobalticyanic acid). Obtained by evaporating 
the K salt in solution with cone. HoSO^, and ex- 
tractmg the residue with alcohol (Zwenger, A. 
62, 167) ; or by decomposing the Cu salt by 
H.S. Colourless needles ; v. e. sol. in water 
and alcohol; insol. dry ether. Very acid taste. 
Not decomposed by heating with cone. HClAq 
or HNOjAq, but slowly by hot cone. HjSO^, 
giving sulphates of NH^ and Co, and evolving 
I 80„ CO, and CO^. 

I Potassium cohalticyanidc K.CoCy,. 
j Obtained by dissolving CoCy^ or Co.^Og in KCyAq, 

I evaporating, and cry.stallisiug (Zwenger, A. 62, 

I 157). KCy and KUOg may be removed by de- 
I composing by acetic acid and ppg. by alcohoL 
I Slightly yellow, transparent, rhombic crystals ; 

isomorphous with K.FeCy,;. E. sol. water, insol. 
j alcohol. 8.G. 1'906. Decomposed by strong 
, acids with separation of cobalticyanhydric acid 
IlgCoCyg ; not decomposed at ordinary tempera- 
tures by HClAq or HNO.Aq. Beduced by Ba- 
' amalgam to K^CoCy^. 

I Cobalticyanides. Besides the K salt the 
following have been isolated (X CoCyA : — 
(NH 4 ) 3 X.H .,0 (Zwenger, A. 62, 157). 
rN(CH 3 )JgX (Claus a. Merck, D. 16, 2737), 
Ba,2X.22H.O (Z., l.c.) ; BaNH^.X.HjO ; 
BaK.X.llHjO; BaLifX.15H.,0 ; Ba 32 X.BaO.JL; 
Ba 32 X.BaCl 3 J 6 HoO (Weselsky, B. 2, 688 ). 
CaNH,.X.10H.p ; CaK.X.9H.,0 (W.,Z.c.). 
CrX.GNHj.lJHjO (Christensen, J. pr, [2] 23, 
62) ; CrX.GNH, (Braun, A. 126, 153, 197). 
Co.,2X.14H.,0 (Z., Z.C.) ; Co.X.6NH,.im,0 (Gibbs 
a. Genth, A. 104, 160, 295 ; Braun, Ic.) ; 
CoX. 6 NH 3 jH .,0 (G. a. C.,U.). Cu 32 X. 7 H„ 0 ; 
Cu 32X.4NH3.10H2O#(Z., Z.C.). Pb32X.7H,p (Z., 
l.c .) ; Pb,2X.6Pb0.3H^0 (Z., l.c .) ; 
Pb,2X.3Pb0^y llHjO ; Pb,2X.Pb(N0,)j.l2H,0 ; 
PbKX. 3 H 20 ; Pb(NH 4 )X. 3 H ,0 (Schuler, W. A. B. 
1879 [n]. 802) ; Ni, 2 X. 12 H 30 ; 

Ni,2X.4H,0.7H,0 (Z., lx.). Na3X.2H„0 (Z.,Z.e.); 
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Na(NH4).X (W eselsky , 5, 2, 688) . An^JL ; 

Ag,.X NHi-PLaO (Z., IcX Sr,2X.20H2O ; 

SriNHJXlOHaO; SrKl9H,0 (W., Z.c.). Tl^X 

(Fron.Miiller, JB. 11, 91). YX.2HjO (Cleave a. 
Hoegland, Bl. [2] 18, 197). 

A fairly general method of preparing cobalti- 
cyanides consists in first preparing the barium 
salt Bas(CoCy8)3.a;H,jO, decomposing a solution 
of this by the sulphates of other metals, filter- 
ing, and crystallising ; the Ba salt is most easily 
produced by passing HCy gas into a mixture of 
CoS04 and BaCOj, filtering, and crystallising 
(Weselsky, W. A. B. 201). Cobalticyanides 
containing two metals, e.g. (Nil,)Na.CoCy^, 
BaK.CoCya, are obtained by mixing solutions 
of the cobalticyanides, evapoiatmg, and crystal- 
lising; these salts generally crystallise well 
(Weselsky, Z.c.). Cobaltuus cohalticyanide 
Co3(CoCyj2.14H.p corresponds in composition 
to ferrous ferricyanide Fe,(FeCyg)2 (S- P* 2^^) 
or TurnBilVs blue ; it is a pale red amorphous 
solid ; obtained eitho^i by adding KjCoCy<,A<l 
CoSO,Aq and washing thoroughly with water, or 
by heating HjCoCy,, with cone. II^SO^, and add- 
ing water before decomposition is complete. 
This salt loses part of its water at 100^^, and 
turns blue. It is insol. water; decomposed by 
KOHAq with separation of CoO.ajILO. Dry 
C0j(CoCyj)2is blue ; it combines with water with 
production of much heat (Zwengler, A. 62, 172). 

Copper cyanides. Three cyanides of Cu are 
known, cuprous cyanide, cupric cyanide, and 
cupro-ouprio cyanide ; the first-named is the 
most stable ; double compounds of each, espe- 
cially with NH3, have been isolated. 

Cuprous cyanide Cu.^Cyj. Formed by 
adding KCyAq to Cu Blj dissolved in HClAq, or 
to CuSO^Aq reduced by SO.^; also by the action 
of HCNAq on freshly ppd. Cu(OH)_, (Itammcls- 
berg, P. 42, 131; 85, 145). Prepared, as small 
lustrous monoclinio crystals, by decomposing 
Cu2Cy.j.PbCy.j»8Uspondcd in water by IPS, filter- 
ing, and allowing the filtrate (which probably 
contains HjCUjCy,) to evaporate (Dauber, A. 74, 
206 ; Wohler, A. 78, 370) ; the salt Cu.^Cy ^.PbCy^ 
is obtained by adding a Pb salt to the solution of 
CuXyj.KCy, foimed by dissolving Cu(OH). iii 
KCyAq. Insol. water ; sol. HClAq, Nil, A<li and 
solutions of NH, salts (Pagensteclier, N. J. T. [31 
1, 451) ; ppd. by HD from solution in HClAq ; 
decomposed by cone. HN().,Aq, not by dilute 

H. ^SO^Aq. Dissolves in alkali cyanides to foil n 
double salts, from which it is ppd. by HClAq. 

Double cyanides containing cuprous 
cyanide (sometimes called cuprosocy ankles): — 

I. With NH,CN, forming monoclmic prisms, 

insol. H.2O— Cu.^Cy2.NH,Cy (Lnllcmaiid, G. Ji. 
60, 1142); Cu2Cy2.2NH‘JCy (Dufau, C. E. 
36, 1099). — 2. With KCN— Cu.,Cy...KCN.H.,0 
(Schifl a. Becchi, A. 138, 24); Cu.Cy2.2KCN; 
Cu^Cyj.OKCN (Ilammelsberg, P. 42, 114 ; 106, 
491) ; 3Cu2Cy2.4KCN (Bammelsberg, P. 73, 117). 
The salt Cu2Cy2.KCN.H2O is insol. in H2O, the 
others are soluble ; the soluble salts give pps. 
with salts of the heavy metals ; e.g. with salts 
of Fe, Pb, Mn. The pps. tlRis obtained may be 
regarded as cuprosocyanides of iron, &c. Many 
of the double cyanides containing Cu20y.2 are 
sometimes called cuprosocyanides ^ and are re- 
garded as salts of the hypothetical cuprosocyan- 
hydric acid HoCir^Cy*: e.g. is | 


often formulated as (NIIj2Cu2Cy^, and is called 
ammemium cuprosocyanide. The chief objection 
to this view^ is that the so-called cuprosocyanides 
are easily decomposed by dilute acids with pre- 
cipitation of Cu2Cy2 and evolution of HCy ; hence 
it seems better to class them with the double 
cyanides (e.g. of Ni) than with the salts of acids 
the negative radicles of which are composed of 
metal and cyanogen.— 3. With other cyanides— 
Cu2Cy2.BaCy2.H2O (Meillet, J. Ph. [3] 3, 413 ; 
Weselsky, B. 2, 588) ; Cu2Cy2.2CdCy2 (Schuler, 
A. 87, 46) ; compounds with *NaCN also exist, 
but their composition has not been accurately 
determined (v. Meillet, J. Ph. [3] 3, 413). 

Cupric cyanide CuCyj. This is probably 
the composition of the yellow pp. obtained by 
adding KCyAq to solutions of Cu salts ; very un- 
stable, decomposing at ordinary temperatures to 
Cy and Cu,.Cyo.^uCy, (Ilammelsberg, P. 42, 131 ; 
85, 145 ; Lallemand; G. E. 68, 750). 

The double cyanide CuCy2.2CdCy2 is de- 
scribed by Schiller (A. 87, 46). 

Gupro-cupric cyanide 
CuCy2.CU2Cy2.5H2O. Obtained by adding KCyAq 
to a Cu salt solution and allowing the pp. to re- 
main exposed to tho air, or by adding a solution 
of one of the K cuprous cyanides to a Cu salt 
(Hadow, C. J. 13, 106). Green lustrous crys- 
tals, decomposing at 100° to Cu2Cy2 with evolu- 
tion of HoO and Cy. Acids evolve HCy, ppg. 
Cu2Cy2, and leaving a cupric salt in solution. 
The fact that this salt may be obtained by add- 
ing 2KCy.Cu2Cy2(K2Cu2Cy4) to solution of a Cu 
salt suggi'sts that CuCy,.Cu2Cy2 may be the 
cupric salt of the hypothetical cuprosocyun- 
hydric acid H2Cu2Cy4 ; if this view is adopted 
the salt in question would be formulated as 
Cu.CiLjCy^ and called cupric cuprosocyanide. 

The ojinpouiids C11Cy2.CU2Cy2.H2O and 
CuCy,.2Cu.Cy,..IT,0 have been described (Dufau, 
C. loot) ; Lallcmand, C. E. 58, 750). 

Double compounds of cupro-cupric 
cyanide with ainmonm. The following 
have been isol.ited (X ^ CuCy„.Cu2Cy„) : — 
X.2NH,.H,0; X.INH,; X.6NH, (Dufau, C. R. 
36, 1000). ■ X.3NH, (Mills, Z. 1862. 545). Also 
! CuCy..2Cii2Cy,,.lNH,.2H.O (Ililkenkamp, A. 97, 
j 218). These auimomaeal compounds are some- 
i times loolad on as salts of the hypothetical 
! cupiosocyanhydric acid H2Cu2Cy4; they are sup- 
' posed to be oblaiued*l)y replacing H by complex 
r.adiclcs containing Cu derived from xNH,. On 
this view the compounds in question may be 
formulaled and named as follows : — 

(N .H^Cuj.CUjCy^, cuprodiammonio-cupi osocyan- 
idc ( - CuCy.2.Cu2Cy2.2NHj). 
(N.II,(NH^)2Gu).Cu.,Cy4, ciiprotetramnionio-cu- 
pi osonpmide ( == CuCy2.Cu2Cy2.4NH2). 

(N2H2 (N H ,)^Cu).Cu ,Cy^, cuprohexammonio-cu- 
prosocyamdc (= CuCyn.Ci^Cyo.bNHs). 

Gold cyanij^es. Aurous cyanide AuCy, and 
several Moublo cyanides of AuCy are known ; 
also auricyanhydric acief HAuCy4 and its salts. 

Aurous cyanide AuCy. Prepared by eva- 
porating AuCy.KCy with HClAq, and washing 
the residue with water ; AuCy.KCy is obtained 
by dissolving finely divided Au or AujO in KCyAq. 
AuCy is also obtained by heating Au20.xH,0 
with HCNAq (Himly, A. 42, 167, 337). Citron- 
yellow crystalline powder; insol. water, alcohol, 
or ether. Heated it gives Au and Cy. Not 
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acted on by hot HGlAq, HNO,Aq, or H^SO^Aq ; 
slowly decomposed by aqua regia ; not acted on 
by H.^S; sol. (NHJ^SjAq, from which solution 
acids ppt, AUgS. Decomposed by hot KOHAq 
to Au and a solution of AuCy.KCy. Sol. hot 
NH^Aq, and in alkali thiosulphates. ^ 

Double cyanides containing aurous 
cyanide: AuCy.KCy; obtained by dissolving 
AuCy, AUjO, or finely divided Au, in KCyAq, ami 
evaporating (Himly, A. 42, 167, 337 ; Bagration, 
J. pr. 31, 367 ; Eisner, J. pr. 37, 333). Colour- 
less, transparent, rhombic octahedra. E. sol. 
water, si. sol. alcohol, insol. ether (Glassford a. 
Napier, P. Af. [3] 26, 71). Decomposed by 
warming with acids, giving pp. of AuCy. Iodine 
dissolves in AuCy.KCyAq, when excc>"s of I is 
added and the liquid cooled dark brownish violet 
crystals separate of AuCy.KCy.Ij ; analogous 
compounds are obtained by adding excess of Br 
or Cl to AuCy.KCyAq. These compounds may 
be regarded as K salts of the hypotlietical io<lo-, 
bromo-, and chloro - auric3Mnhydric acids 
HAuCyjX2 (X = I, Br, or Cl) (i». Lindbom, JJ. 10, 
1725 ; Blomstrand, J. pr. [2J 3, 213). The fol- 
lowing double cyanides are also known ; most of 
them combine with I ., Br^, and CL ; AuCy.N H ,Cy 
(Himly, A, 42, 157, 337 ; Lindbom, B. 10, 1726) ; 
2AuCy.BaCy.,.2H.,0 ; 2AuCy.CaCy,. 311,0 ; 
2 AuCy.CdCy2 ; * 2AuCy.CoC}\. ; AuCy.NaCy ; 

2 AuCy.SrCy2.3H2^^; 2AuCy.ZnCy2 (Lindbom, B. 
10, 1725). A number of otlier double cyanides of 
Au are described by Lindbom {Bl. [2J 20, H(>). 

Auricyanhydric acid HAuCy,.311 ,0. 
Large white tablets ; obtained by ppg. KAuCy, 
by AgNOaAq, and decomposing the pp. by le^s 
than an equivalent quantity of cold IlClAif. Sol. 
water, alcohol, and ether. Melts at 60'\ decom- 
posing at a higher temperature to AuCy and 
HCy, and then to Au and Cy. Solution gives 
AuCy on heating (v. Lindbom, B. 10, 1725). 

Auricyanides (Himly, A. 42, 157, 337 ; 
Lindbom, Z.C.). NH^.AuCy^.HD. KAuCj'^.ljH.D; 
formed by adding perfectly neutral AuClgAq to 
warm cono. KCyAq ; colourless tablets, v. sol. hot 
water, insol. absolute alcohol : loses all H.O at 
200®, and at the same time drcoiniioses to 
AuCy.KCy and Cy. AgAiiCy, ; yellow pp. formed 
by adding AgNOgAq to KAuCy^Aq ; insol. 
HNOgAq; sol. NH<,Aq. Co(AuCyJ,. 

Indium cyanide. Pp. obtained by adding 
KCyAq to an In salt solulion ; sol. exci .ss of 
KCyAq; on evaporating this liquid all In is 
ppd. as hydroxide (Meyer, J. 1868. 244). 

Iridium cyanides. The cyanide IrCyj is 
known; also iridium cyanhydric acid HjIrCy^and 
its salts (v. Martius, A. 117, 357 ; Claus, J. 
1855. 444 ; Wohler a. Booth, P. 31, 161 ; Kam- 
melsberg, P. 42, 140). 

Iridium cyanide IrCys- Green powder, 
obtained by decomposing HjIrCygAq by HClAq. 

Iridium cyanhydric Acid iIJrCyj. 
Obtained by decomposing the Ba salt (7. v.) by 
HjSO.Aq, filtering and adding ether. Crystal- 
lises from ether in white crystalline crust ; ,e. 
sol. alcohol and water. Decomposes at 300®, 
evolving HCN. Decomposed by HClAq giving 
pp. of IrCy,. 

Iridicyanides K,IrO^ ; obtained by fusing 
I»Cl4.2NH,Cl with 1^ pts. KCy for 10-16 min., 
treating fused mass with water, filtering, and 


crystallisiirg. Very stable salt; crystallises in 
orthorhombic prisms ; insol. alcohol (W. a. B.). 

Ba,(IrCy4)2.18HD ; obtained by fusing 
IrCl,.2NH4Cl with pts. KCy ; allowing to cool, 
dissolving in water, adding HClAq, ppg. by addi- 
tion of GuSOfAq, washing pp. and digesting it 
with excess of Ba02H2, passing CO, through the 
liquid, filtering and crystallising ; the first crop 
of crystals generally contains Ba platinooyanide, 
the second crop is free from this salt. Crystal- 
lises in prisms, which eflloresoe in air, losing 
12H2O ; very stable salt. 

A solution of HgIrCy,j^ives pps. with salts of 
many heavy metals. 

Iron cyanides. No siipple cyanide of Fe has 
been isolated with certainty. Addition of 
KCyAq to solution of a ferrous salt produces a 
yellovv-red to brown-red pp., which is pro- 
bably FeCy.^, but always contains K (Fresenius, 
A. 106, 210) ; when the ferrous salt is in slight 
excess the composition of the pp. apj^oximates 
to KFeCyj (Studeler, 15^, 1). KCyAq added to 
solution of a ferric salt ppts. Fe.DsH, (Haidlen 
a. Fresenius, A. 42, 130). If iron cyanides exist 
they are very un.stable. Very many compound 
cyanides of iron with other metals have been 
prepared ; these belong to the class of stable 
compound cyanides which are not resolved by 
acids into their constituent cyanides ; as a rule 
their reactions are similar to tliose of ordinary 
salts, e.g. cf. the reaction of K^FeCy^Aq with 
CuSO^Aq, giving CiiFoCy„ and K._,S04Aq, with 
tluit of BaCl Aq and Na.BO^Aq, giving BaSO, 
and NaClAq. The compound cyanides of iron 
are generally more .stable tliau their constituent 
cyanide.««. This is shown, among other ways, by 
looking at the thermal changes which accompany 
the production of these double cyanides. Thus, 
the heat of formation of solid KjFeCy, from 
4K-fFe + 6Cy is c. 307,000 (Berthelot, C. JR. 91, 
82), the heat of formation of 4KCy (.solid) from 
4K + 4Cy is c. 270,000. We have /hen 
[K^ Fe, Cy^j - 367,000 
[K\ CyM =^ 270,0 00 
hence [4KCy, Fe, Cy^ = 97,000 
Now the heat of formation of a ferrous salt is 
generally somewhat less than that of the corre- 
sponding Zn salt ; but [Zn, Cy'^j = c. 53,000 (solid 
ZnCy ,), therefore we may provisionally conclude 
tl\at ( Le, Cy'^ = c. 50,000. 

Now if [4KCy, Fe, Cy^j = 97,000 and [Fe, Cy^] 
= 50,000, it follows that [4KCy, FeCy'^J 
= 47,000 : that is the combination of 4KCy with 
FeCy. to produce K^FeCyg is accompanied by the 
production of a quantity of heat roughly equal 
to 47,000 gram-units. This quantity of heat i.s 
much larger than that generally produced in the 
formation nl double salts ; e.g. [KCy, AgCy] 
= 11,200. [HgCyAq, 2KCyAq] = 12,000, [HgD, 
2KI] = 3,000, [ZnSO K^SO •] = 4,000. Hence on 
the tliermal evidence alone we might provision- 
ally conclude that K^FeCy, does not belong to 
the class of double salts. 

In considering the compound cyanides of 
iron, it is advantageous to begin with the two 
typical salts, potassium ferrocyanide K^FeCy, 
and potassium ferrioyanide KjFeCy,. K,|FeCya 
is produced by the action of oxidisers onK4FeOy«» 
and reducing agents change K,FeG7,to E4F6C^.. 
To each of these salts there corresponds an acid* 
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HiFeOy, and H,FeOyj respectively. These 
acids have been isolated, and from each has 
been obtained a great many salts and double 
salts. Some of these salts form derivatives, e.g. 
the nitrovnissulcs ; and finally there are a few 
compound iron cyanides not belonging to either 
of the two main classes. 

We shall consider first fcrrocyanhydric acid 
H,reCyg, and its salts, the ferrocyanvics\ then 
ftrricyanhydric acid^ H,FeCy„, and its salts, the 
ferricyanidcs ; then tho nitroprussides ; and 
finally the perferrocyanides. 

The ferro- and fojri- cyanides are described 
in alphabetical order ; double salts are also 
described in alphabetical order, thus barium 
potassium ferrocyanide is described under barium 
forrocyanides, but strontium-potassium ferro- 
oyanide under potassium feirocyanides. 

FeUROCYANHVDUIC ACII> AN 1> FEimoCYANIDES. 

FerrocyanhydricacidH (FeCy^. ( Ferro- 
cyanic Otid. Hydroferrocyanicacid. Fenvprussic 
acid. Hydrogen feijroc t/anide.) Discovered by 
Porret in 1814 (T. 1814.\527). 

Fonnation. — 1. Ba.FeCy« is decomposed by an 
equivalent of HjS04Aq (Porret, 2. CuP’cCyrt 
or PbjFeCya is decomposed by H„S (Berzelius, S. 
HO, 44). — 3. Prussian blue is decomposed by cone. 
llGlAq, the solution is scpaiatcd from Fo Dj, and 
evaporated (Robiquet). 

Preparation. ~ 'Xo a cold cone, aqueous solu- 
tion of K^FeCys, which has been boiled to expel 
air, is added a slight excess of cold cone, air-free 
JlGlAq ; ether is then added, whereby from 96 
to 100 p.c. of the HjFeCyrt produced isppd. ; the 
pp. is washed with HClAq and then with ether ; 
it may be recrystallised by dissolving in alcohol 
and adding ether ; all operations should be con- 
ducted as far as possible in absence of O (Pos- 
selt, A. 42, IGH; u. also Liebig, A. 87, 127; 
Dolfus, A. 65, 221). 

Properties and Ucactions. — White crystalline 
powder ; beijpmos blue in moist air, with evolu- 
tion of HCN and production of Prussian blue, 
Fc,Cy„ (lleimann a. Carius, A. 113, 39). Un- 
changed in sunlight in an atmosphere of H. 
Soluble in water ; solution is strongly acid to 
litmus; it decomposes carbonates, acetates, tar- 
trates, and oxalates. H,FcCy„ is a strong acid ; 
relative affinity not very much less than that of 
IICl {v. Ostwald’s Lehrhucli, 2, 851). When 
boiled with water is decomposed to JICN and 
white FeU,(FcCyJ (B. a. C., Ic.). Bertlielot 
(G. B. 91, 82) gives Jl.F. of the acid in solution 
as [H‘,Fe,4CN,AqJ - 107,200 ; and the In-at of 
neutralisation (C. li. 78, 1085) as [II'FcCn A(i, 
4KOHAq] = 54,000. Fcrrocyanhydric acid is 
tetrabasio, forming salts M'^FeCy#, M‘*,FnCy„, 
M"MVF6Cy„, Ac. • 

Ferrooyanidos [Ferroprusgiates). Salts 
of fcrrocyanhydi tc acid II^FcCy,,. These salts 
are not to bo regarded as doulilo cyanides ; v. 
remarks supra. Many forrocyanides are co- 
loured ; the production of one of these salts by 
adding K^FoCy* to a metallic salt solution is 
often used as a test for different metals. Tho 
soluble alkali ferrocyanides are not poisonous. 
Those forrocyanides which are completely dehy- 
drated by heat without decomposition are decom- 
posed at higher temperatures into N and Fe car- 
bide, and either a cyanide of the other metal, 
9.g. K^FeCy,,, or N and metallic carbide, e.g. 


PbFeCy*, or Cy and metal, e.g. Ag.FoCy^. Those 
forrocyanides which cannot be completely dohv- 
drated without decomposition are resolved at a 
high temperature into IICN, C02,NH8, and either 
a mixture or compound of each of the metals 
with C. ^When aqueous solutions of the alkali 
forrocyanides are electrolysed alkali separates at 
the negative pole, and IICN and Prussian blue 
at the positive pole ; if the positive pole is Cu, 
CuCy^i is formed. Heated with cone. H^SO, fer- 
rocyanides give SO ,, CO, CO.^, and N, and form 
sulphates of Nil,, Fe, and the other metal of tho 
original salt. Some ferrocyanides are decom- 
posed by HjS giving motalho sulphides aud fer- 
rocyanhydric acid, e.g. Pb FoCyg. Ferrocyanides 
of heavy metals are generally decomposed by 
aque'ous alkali, giving alkali ferrocyanides and a 
pp. of the hydrated oxide of tho heavy metal. 

Aluminium ferrocyanide 
Al4(FeCy8)3.a:lf,0 (Wyrubow, A. C/i. [5] 8, 444; 
Tissier, C. R. 45, 232). By mixing cone, solu- 
tions of alum and K,FeCyg ; many reactions have 
been tried to give an A1 salt, but there is doubt 
as to the isolation of a definite salt. 

Ammonium ferrocyanide 
(NH,),FeCy„.6H30. Produced by action of NH,Aq 
on Prussian blue (Scliocle), or by adding 
(NIIJ.^CO, to Pb^FeCy„ (Berzelius), Best pre- 
pared by neutralising H^FeCy^Aq by NH3Aq,and 
adding alcohol (Bette, A. 23, 120; v. also Bun- 
sen, P. 36, 404). White crystals, isomorphous 
with K,FeCyg; sol. in water, insol. in alcohol. 

Double salts (NII,).FeCy3.2NH4CI.3H80, 
and (NH4) ,FeCy,,.2NH4Br.3nuO ; obtained by mix- 
ing solutions of the constituent salts and cooling 
(Bunsen, P. 36, 404 ; Himly a. Bunsen, P. 38, 
208 : crystalline forms are given). 

Double ferrocyanides of ammonium 
(NIIJ^CmFcCy, (Schulz, J. pr. 08, 257). 
(NHj2Li,.FeCy„.3ILO (Wyrubow, A. Ch. [4] 21, 
271). (NH,)K(.FeCyh.3Jl30 ; obtained by acting 
on K,FcCy,,Aq m presence of Nil, by lactose or 
glucose until the solutiou is yellow, and then 
adding alcohol (Heindel, J. jir. 65, 450). 
(NH,) .K_..FeCy„.3H ,0 ; by decomposing 
BaKo.FeCy,, (u. Barium ferrocyanide) by 
(NH,).,SO,A(], or by treating FeK^.FeCyg with 
NHjAq (Komdol, J. pr. 76, 342 ; 100, 6 ; Play- 
fair, d. jir. 69, 287). 

A n 1 1 m ony ferrocyanide 
Sb,(FeCy„) ,.2511,0 ^Atterbcrg, Bl. [2J 24, 355). 
Yellow pp. by adding SbClg to KjFeCynAq, 

Barium ferrocyanide Ba^FeCy„.6H,0 
(Berzelius, Lehib. 4, 400 [dtli ed.] ; Wyrubow, 
A. Ch. [4] 16, 280). Foimed bypassing air over 
a heated mixture of C ami BaCO„ and then act- 
ing with Fi'SO^ ; by boding Prussian blue with 
BaOAq, filtering, ami crystallising by cooling ; 
or by boiling K^FeCy^Aq with an equivalent 
quantity of BaCh, filtering, and cooling. Yellow 
monoclinic prisms ; sol. in 1,000 parts water at 
16°, and in 1(10 parts at 75°. 

Double ferrocyanides of barium 
BaK,.FeCy„.3n,0 (Bunsen, P. 36, 404 ; Beindel, 
if.pr. 76, 342 ; Mosander, P.26, 390; Dufios, S. 
66, 233). Crystallises with SHjO according to 
Wyrubow {A. Oh. [4] 21, 271). By mixing cone, 
solutions of BaClj and KiFeCy^, the latter in ex- 
cess. Reacts with soluble sulphates giving 
BaSO^ and double ferrocyanides of the form 
M^'K .I'cCy, (Rciudel, U). 
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Beryllium ferroeyanide 
Be,FeCy«.4Be0,H.,.7H30 (Atterborg, Bl [2] 19. 

Toozynsky, Z. 1871. 276). By tlie action 
of BeSO^Aq on Pb^eCye in presence of NH*. 

Bismuth ferrocyanides. Bij(PeCy,.)j; aU 
most •colourless salt obtained by adding solution 
of Bi3NO, in smallest excess of air-free HNO,Aq 
to air-free K^FeCy^Aq, in cooled flask, washing 
with air-free water in atmosphere of COj and 
drying over HjSO^ in vacuo (Pattisoii Muir, C. J. 
[2] 16,661; 17,40). Salt soon decomposes when 
moist, giving off HCN and fonmng Prussian blue. 
Decomposed by Cl or Br in presence of alkali. 
Changed by Cl or dilute HNO.Aq in the cold to 
ferricyanide Bi3{FeCyJj. Wyrubow (A. Ch. [5] 
8, 444) says that Bi._J'’eCyg.6HoO is produced by 
action of Bi3NO, with H^FeCya; but the* data 
are meagre. 

Double ferrocyanide of bismuth. Ac- 
cording to Wyrubow (l.c.) addition of K^FcCve 
to Bi(N03)3 inHNO.Aq ppts. BiK.FeCy...411,6; 
the existence of this salt wants conlirination. 

Cadmium ferrocyanides. None iso- 
lated. 

Double ferrocyanides of cadmium 
CdlC.FeCy^.H^O (Hermann, A. ll”), 236); or I 
Cd5K5{FeCy«)^.llH20 (?) (Wyrubow, Ch. [o] ' 
8, 444). By adding K«FcCy<.Aq to solution of a I 
Gd salt. I 

Calcium /erroci/ani^^c Ca.(FeCvJ.12H,0. ! 
Triclinic crystals; sol. in 2 ix-uts of water ‘at ! 
90°; by decompo<^ing Prussian blue by CaOAq, ' 
filtering, exposing to the air, filtering from CaCO., j 
and evaporating (Wyrubow, A. Ch. [4] 1C, 280 ! 
Berzelius, S. 30, 12). 

Double ferrocyanides of calcium 
CaKj.FeCy3.3H2O (Mosander, P. 25, 390; Dfar- 
chand, J. Chim. Mt^d. 20, 568) ; by ppg. a Ca 
salt by excess of K^FeCy„Aq. CaNa (FeCy ) , 
(Wyrubow, A. Ch. [4] 21, 271). CaSrFeCy^.lOH'd 

(w., u:}. 

CerUim ferrocyanide Ce,(FcCyJ, .30n.O 
(Wyrubow, A. Ch. [5] 8, 444). Double feircoyan- 
ides of Co and K are also said to exist ; but 
none of the salts has been thoroughly exaiuuied 
{v. John, Bl. [2J 21, 636). 

Chromium ferrocyanides. Ad'lition 
of K^FeCy^Aq to CrCLAq gi ves a yellow pp. 
probably Cr^FeCy, (Stndsherg, J. 18Ct. ,304; 
cf. Kaiser, A. Sup'plbd. 3, 103). 

G oh alt fcrrucyan*ides. K^FeCy,Aq 
added to a Co salt solution produces a blue pp. 
which soon changes in air to reddish ; tins 
pp. is a ferrocyanide of Co, but the exact com- 
position has not been accurately detei mined. 
Wyrubow (A. Ch. [5] 8, 444) gives the 
formulas Co2FeCy3.7H20, Co,(FeCyJ,.22H,0, 
CoKj.FeCyj, and Co,K5(FeCy«)„ to the pp. ob- 
tained under different conditions. Compounds 
of Co ferrocyanides with NHj are described by 
Curda {Z. 1869. 369), and by Gintl {Z. 1868. 
625) ; the formulas Co2FeCy3.12(!'?Pl3.9H20, and 
Co2FeCy,.8NH3.10H2O ilre given ; a salt having 
the composition COjFeCy«(NOj)2.10NH3.7H.2O is 
described by Gibbs a. Genth {A. 104, 150, 296 ; 
cf. Braun, A. 132, 33). 

Copper ferrocyanides. The brown-red 
pp. obtained by adding K^FeCy^ to a Cu salt 
solution is more or less pure CujFeCyg; it is 
better prepared by using HjFeCy,,Aq, as the pp. 
obtained by K^FeCy, is mixed with Cu-K ferro* 


cyanides (q, Willlnmson, A. 67, 226). The pp. 
dried over H^SO^ is said to contain 7H.2O (Ram., 
melsberg, P. 74, 66), or OHjO (Mouthiers, A. 64. 
297), or lOH-jO (Wyrubow, A. Ch. [6] 8, 444). 
If an excess of K^FoCy, is used as pptant., double 
Cu-K ferrocyanides are obtained ; the formulee 
CuK2.FeCy3.H2O, and Cu,K2(FeCya)j.l2HjO, are 
given (Rammelsberg, P. 74, 65 ; Schulz, J. pr. 
68 , 257 ; Wyrubow, A. Ch. [6] 8, 444 ; Reindcl, 
J.pr. 103, 166). The salt CuNaFoCy« is de- 
scribed by Schulz (Z.c.). 

Double compounds of cupyic ferro- 
cyanide. By ppg. an ammoniacal soluflon of 
CuO by K,FeCy„ the salt Cu..FeCy3.4NlI,.H O 
is formed (Bunsen, P. 34. 134*; Mouthiers, A. 
64, 297). By digesting Cu,FeCy 3 with NH.Aq 
crystalline Cu2FeCy3.8NH,.H.,0 is formed (Mou- 
thiors, l.c. ; Giiyard, Bl. [2J 31, 438). 

Cuprous ferrocyanide. This salt is said 
to bo formed by adding K^FoCy^Aq to Cu2Cla 
in nClAq ; it probably has the coSiposition 
Cu,FcCyg (Proust). Tjj/e following double 
cuprous-potassium (and sodium) ferro- 
j cyanides liave been obtained : — 

CikK ..F eCy^.l.HIaO ; Cu„Na 2 .FGCyg (Schulz, J. pr 
68, 257); CuK3.FeCy,‘.a’H,.0 (Bolley, A. 106, 
228 ; Wonfor, C. J. 15, 357). 

Didinnium and Erbium ferrocyan- 
ides. The double ferrocyanides 
DiK.FeCy,.4H.20, and ErK.FeCy3.4H.,0 are 
said to be produced by adding K^FeCy^Aq to 
salts of Di and Er respectively (C15ve, Bl. [2] 21, 
196 ; CUvo a. Hocglund, Bl. [2] 18, 197). 

Iron ferrocyanides. Ferrous ferro- 
cyanide, Fcj.FeCye ; and feme ferrocyanide, 
FedlA'Cy^),, are both known; also derivatives 
of both. In connexion with these compounds 
cf. Iron fkiiricyaniiucs, p. 338. 

Ferrous ferrocyanide Fej.FeCyg. Ob- 
tained by ppg. ferrous salts by H^FeCyg; if 
K|l'eCya used the pp always contains K. 
Also formed wlien Prussian blup reacts with 
I f.-S. It is obtained pure by boiling H 4 FeCy„Aq 
in absence of air (A.schoff, Ar. Ph. [2J 106, 
267). f .^H^FcCyg = Fc ..FeCyg + 12HCN.] White 
amorphous pp, soon oxidised in air with 
]i<)(luetion of blue-coloured compounds; reac- 
tion may perhaps be 3(Fe.2.FeCy„) -i- 30 -f 
"Fo,(OH),, - fFe 4 (FeCy (,)3 (Erleiirneyer, Leh,r- 
buck der organ. Chemie [1867], 148 et seq.). 

Double ferrocyanide derived from 
ferrous ferrocyanide. 

Potassium - ferrous ferrocyanide 
K Fe.FcCy-g. {KvenWs salt.) Obtained by de- 
composing K^FeCyg with hot dilute HjSO^Aq, 
in making HCN [2K4FeCy3Aq -h SH.SO.Aq 
= 6IICN + ^KjSO^Aq + K.jFe.FeCvg] ' (William- 
son, A. 57, 225; Ev^tt, P.Af. [3] 6, 97). White 
microscopic /juadratic crystals, becoming blue in 
air; oxidisers produce potassium-ferrous ferri- 
cyanide, FeK.FeCy,. Also produced by boiling 
ff.PY'CygAq with KjSO, (Aschoff, Ar. Ph. [2] 
106, 257) ; probably always present in the white- 
bine pp. obtained by adding K^FoCygAqto ferrous 
salts (Aschoff, l.c.). 

Ferric f ewocyanide 

(Prussian blue.) This body was accidentally 
discovered in 1704 by Diesbach, a colour-maker 
in Berlin. It was afterwards found that the blue 
compound could be prepared by calcining blood 
with potash and then adding sulphate of iron. 







In 1724 Woodward of London p^pared the 
eolouring matter by deflagrating cream of tar- 
tar with nitre, calcining the residue with ox- 
blood, dissolving in water, and ppg. by alum and 
sulphate of iron ; he thus obtained a greenish 
pp. which turned blue when treated with hydro- 
chloric acid. More or less pure ferric ferro- 
oyanido is obtained commercially by mixing 
K^FeCy^Aq with partially oxidised ferrous sul- j 
phate, and oxidising the light-blue pp. thus j 
formed by exposure to air or by the action 
of Cl, HNO^Aq, aqtm regia, or alkaline hypo- 
chlorites; the blue body thus formed, known 
commercially as Prfissian blue, is a mixture 
of ferric ferrocyanide, Fo,(FeCy,.)„ with fer- 
rous ferro-cyanide * Fe,^.FeCy^, ferrous ferri- 
cyanide FcalFeCya).^ (known commercially as 
TurnhulVs blue), and probably one or more 
of the K-Fe ferro- or ferri-cyanides (d. post). 
The simultaneous production of iron ferro- 
cyanid% (Prussian blue) and iron ferricyanido 
(Turnbull’s blue) is probably explained by the 
fact that both ferrdfis and ferric salts are pre- 
sent, and that ferric salts oxidise ferro- to ferri- 
cyanides, while ferrous salts reduce ferri- to 
ferro- cyanides {v. Skraup, W. A. B., 74 (2nd 
part) Jitnihcft, 1870). The blue pp. obtained by 
adding K^FcCy^Aq to excess of a ferric salt 
solution is nearly pure ferric ferrocyanide, 
Fe^(FeCy^)s ; as thus prepared the substance js 
known commercially as Paiis blue. The name 
Prussian blue is often extended to all the blue 
pps. obtained by adding iron salts to K ferro- or 
forri-cyanidc. For an account of the manu- 
facture of Prussian blues v. Dictionaky of 

TECHNICAL ClIEMISTltY. 

Formation. -1, By tlie reaction of ferric 
salts with K^FeCy^Aq (u. supta) ; if the ferric 
salt is kept in excess, approximately pure 
Fe^(FeCy«)j is obtained; if the K4FeCya is in 
excess the pp. always contains K-Fe ferro- 
cyanide, KjFe.FeCya.— 2. By adding a ferrous 
and a ferric* salt to KCyAq, or to HCyAq with 
excess of KOH added, and then adding acid 
to dissolve the FelOIljj and Fe(OH)s ppd. by 
the KOH or the KCy. [ISKCyAq + bFeSO^Aq 
= aK^FeCygAq SK^SO^Aq ; 

SKjFeCygAq -i-dFeClaAq 

= 12KClAq + Fc,(l'’eCyJ,.]~- 3. The action of 
air, or other oxidiscr, on H,FcCvg, or on ferrous 
ferrocyanide, Fej.FeCyg, forms Fe^lFeCyg)^ 

Preparation. — K4FeCygAq is added to 
FeCljAq keeping the latter in excess ; the pp. 
is digested with FeClgAq, to remove any 
KjFe.FeCyg, thoroughly washed and dried. Or 
H^FeCy, is used in place of K^FeCy^ ; in this 
case the pp. is pure Fe^lFeCyJ,. 

Properties. — Dark-blue amorphous solid 
with lustre resembling that of copf^er. Obtained 
in lustrous crystals by spontaneous evaporation 
of solution in cone. HClAq (Gintl, D. P. J. 235, 
248). Does not become perfectly dehydrated 
until heated toe. 260° ; complete dehydration is 
accompanied by partial decomposition, with 
evolution of NH^Cy and (NH4)jC03 (v. Beimann 
a. Carius, A. 118, 39 ; Skraqj), A. 186, 371 ; Bam- 
melsberg.il. 64, 298). Strongly heated it glows 
and is burnt to FejOg. Insoluble in water, 
alcohol, ether, oils, and dilute acids ; sol. in 
cone. HOlAq, addition of water ppts. the original 
compound ; sol. in HjOjO^Aq, also in (NH*) tar- 


i trate solution ; is entirely ppd. from solution in 
HjO.^OjAq by exposure to sunlight (Sohoras, B, 
8 , 12 ). 

I Bcactions.—l. Heat alone decomposes 
Fe4(FeCy„)„ evolving CO^, CO, NH^Cy, HON, 
and (NH^COj. — 2. Heat^ in air it is burnt to 
Fe-^O.,, NH^Cy, and CO„. — 3. Decomposed by 
alkalis (including MgO) to Fe,0, and K^FeCysAq; 
similar change is effected by KjCOaAq, and by 
excess of NHjAq. — 4. Boiled with werewne 
and water, FejO, and HgCy^ are formed. — 
6. With lead oxide, Fo^O,, Pb^FeCy*, and 
KaFeCy,) are produced.— 6. Koduced by sulphur- 
etted hydrogen, also by iron or zinc, to white 
ferrous ferrocyanide Fe^.FeCyg. For account of 
Soluble Prussian blue v. Potassium-ferrous 
ferrncyanide under Ferrous ferricyanide. 

Double ferrocyanide derived from 
ferric ferrocyanide. 

Ammonifj-f erric ferrocyanide 
Fe,.(FeCy«),.6Nn,.9H20 (Mouthiers, J. Ph. 9, 
202). When excess of NHjAq is added to 
FeCLAq and the liquid is filtered into 
K,FeCy„Aq, a white pp. forms which soon be- 
comes blue in the air ; this blue solid when heated 
with NH4 tartrate solution at 60°-80° for some 
hours to dissolve Fe^O^Hg leaves blue am- 
monio-ferric ferrocyanide, which is washed with 
water, and dried below 100°. The compound 
evolves HCN at 100° ; no NHj is evolved below 
100°. The same compound is the first product 
of the action of NH,Aq on Fe,(FeCyg), (Mouthiers, 
I.C.). Because of the stability of this compound 
it may perhaps be regarded as ferric -ferric- 
ammonium ferrocyanide (Fej.NgHiHFe2)(FeCye),. 

Lanthanum ferrocyanide. — None has 
been isolated, but the double salt LaK.FeCyj.4H3O 
is described by Cldsve {Bl. [2] 21, 196; v, also 
Wyrubow, A. Ch. [6] 8, 444). 

Lead ferrocyanide PbjFeCyj.SHjO. 
White pp. formed by adding K^FeCy^Aq to 
Pb(N03)2Aq and washing repeatedly with water 
(Berzelius ; Wyrubow, A. Qh. [5] 8, 444). Loses 
all H.^0 at moderate temperature. Dehydrated 
salt heated in air evolves N and leaves mixture 
of carbides of Fe and Pb. 

Lithizim ferrocyanide Li^.FeCyj.OHjO ; 
very soluble salt ; deliquescent crystals (Wyru- 
bow, A. Ch. [4] IG, 280). The double salt 
Li.,K ,.FeCy6.3H„0 is described by Wyrubow 
{A'. Ch. L4] 21, 271).* 

Magnesium ferrocyanide 
Mg.,.FeCy,,. 1211,0. By dissolving MgCO, in 
H4FeCyHAq and evaporating; pale yellow crys- 
tals ; sol. 3 pts. cold water ; unchanged in air 
(Bette, 22, 148; 23, 116). The dcmhle salt 
MgKj.FeCvg is described by Berzelius {Lehrb, 4, 
400 [4th ed.]). 

Manganese ferrocyanide 
Mn2FeCy6.7H.,0 ; white pp. by adding K^FeOy^Aq 
to solution of a manganous salt (Wyrubow, 
A. Ch. [5] 8, 444 ; Mosander, P. 26, 890). 

Manganese-potassium ferrocyanide 
MnK2.FeCy, (Berzelius ; Wyrubow, l.c.). 

• Mercury ferrocyanides. Mercurous and 
mercuric salts give pps. with K4FeCy„ but the 
composition of the pps. was not accurately de- 
termined. Bunsen (P. 84, 134) obtained a com- 
pound of ammonia with mercuric ferrocyanide 
Hg3FeCya.2NHj.H,0 by mixing cooled solution! 
of Hg(NO,)3Aq. NH,Aq, and NHjNOjAq. 
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Molybdenum ferrocyanide$ 
Mo2FeCy,.8H.O; Mo^FeCye.UHaO ; 
Mo4FeCyg.20H2O ; and the double salt 
Mo4Kj5FeCy«.20H2O (?) (Wyrubow, A. Ch. [5] 8, 
444 ; cf, Atterberg, Bl. [2J 24, 366). Those salts 
are said to be formed by reactionji between 
K^FeCyrtAq and salts of Mo, or in some cases 
NH4 molybdate ; their composition is doubtful. 

Nickel ferrocyanides. According to 
Wyrubow (A. Ch. [6] 8, 4i4) K,FeCy,., added to 
a salt of Ni, ppts. NiK.^.FeCy„.3H.^O ; if excess of 
ferrooyanide is used the salt is said to have the 
composition NijK..reCy^.(j By using 

H4FeCy„Aq in place of the K salt, salts are 
obtained which Wyrubow formulates as 
Ni,(FeCy,)4 and Ni,FeCy«.ll{or 14)H,0. By 
adding K4FeCyaAq to a Ni salt solution contain- 
ing NH, various salts are formed, and from 
these again others are obtained by treatment 
with NHjAq ; the following are described : — 
NiaFeCy8.lONH3.4H2O ; Ni T’cCya.lNH^.HaO 
(Reynoso, A. Ch. [3] 30, 252) ; ' 
Ni3FeCy8.2NH3.4(&9)H..O ; Ni„FeCy«.8NII,.4H20; 
Ni2FeCy8.i2NH3.9H2O (Gintl,".^. 1808. 525). 

Niobium ferrocyanides. — Noneccrtainly 
isolated. Several double salts are described 
(Wyrubow, A. Ch. [5] 8, 444 ; Atterberg, BL [2] 
24, 356) ; they are said to bo formed by adding 
K4FeCy8Aq to niobic acid in presence of KHC0O4 : 
Nb„K(FeCy8)2.67H.,0(?);Nb,2K..FeCy8.39H20(?); 
(Nb0)3K3(FeCye),.lbH20 (?). 

Potassium ferrocyanide K^FeCyg. 
(Yellow pr^issiate of potash. Fcrroprussiate of 
potash.) Discovered about 1750 by Macquer; 
obtained by him by boiling Prussian blue with 
potash. Berthollet showed that the iron in it 
was an essential part of the salt. H.F. 
[K\Fe,Cy«] *= 367,200; [K'FeCy^Aq] = 6,400 
(Berthelot, C. R. 91, 82), 

Formation. — 1. By fusing nitrogenous animal 
matter (horn, feathers, dried blood, leather- 
clippings, &o.) with K^COj and scrap iron, 
lixiviating with water, filtering, and crystallising ; 
KCy is formed, and on addition of water this 
reacts with the iron to produce K,FeCy„ (Liebig, 
A. 38, 20 ; Nollner, A. 108, 8 ; liolTmann, 
D. P. J. 161, 63). [2Fe + 12KCNAq + 4H,0 
« 2K4FoCygAq + 4KOIlA(| + 211 , ; or in presence 
of air 2Fe + 12KCNAq + 2H,0 + O, 
>=> 2K4FeCy8Aq + 4KOIIAq]. — 2. By heating 
NH4.8CN with scrap iron to dull redness, and 
dissolving out with water (G6I1&, W. J. 1862. 283 ; 
1863. 321 ; Fleck, W. J. 1863. 323 ; Alander, 
D. P. J. 226, 818 ; Tscherniak a. Gunsburg, J. 
1878. 1123). — Sf. By the action of KCNAq on 
Fe(OB!),, FeCOg, or FeS, &c. (Fresenius a. i 
Haidlen, A. 43, 132 ; Liebig, A. 38, 20). — 4. By 
reaction between KOHAq and various ferro- 
oyanides. 

Preparation. — Prussian blue Fc,(FeCy8)3 
is added to boiling KOHAq so long as the blue 
colour changes to bro\^, the solution is filtered, 
evaporated, and the salt is rccrystallised from 
water. Impure K4FeCya (prepared from com- 
meinal Prussian blue) generally contains K^COg, 
K2SO4, and sometimes Prussian green; it 
may be purified, according to Berzelius, by heat- 
ing until it etiloresces, and then to its melting- 
point, dissolving in water, filtering from C and 
Fe carbide, adding acetic acid to convert E^CO, 


and KCy 4ito acetate, adding Ba acetate ittle by 
little to pp. sulphates, filtering, evaporating, ppg. 
K4FoCy8 by alcohol, and reorystallising twice 
from water. 

^ Properties.— Reddish-yellow quadratic pyra- 
mids (Bunsen, P. 36, 404) ; crystallises with 
31^0. S.G. 1-86 (W. J. 1875. 603). Not 
poisonous. Loses all HjO at 60^-80’ ; un- 
changed at ordinary temperatures. Sol. 0. 4 pts, 
cold H2O and in 0. 2 pts. at 100°; insol. alcohol; 
1,000 c.c. K4FeCyflAq saturated at 16° has S.G, 
IT 44, and contains 258-77 g. salt and 885-34 g. 
water (Michel a. Kraft,,.^. Ch. [3] 41, 471). 
Solution decomposed in sunlight with ppn. of 
Prussian blue and evolution of HCN. 

Reactions. — 1. Heated in closed vessel melts at 
little above red heat, evolves N, and leaves mix- 
I turo of KCy and Fe carbide; if salt is not de- 
hydrated it gives off CO2, NH3, HCN, and N.— 
2. Heated to redness in air gives KCyO; same 
product formed by heating with reduJtkble metal- 
lic oxides. —3. Changed ^slowly by ozone into 
KjFeCy,,; not, however, acted on by oxygen. — 
4. KiFeCysAq electrolysed forms KaFoCy^at posi- 
tive, and KOHAq and H at negative, pole (Schlag- 
denhaurfen,cjr.l863.305). — 6. K^FeCy^Aq is changed 
to K.,FcCy^Aq by oxidiscrs, c.g. KMn04Aq, PbOj, 
MnO, (Brodie, P. 120, 302 ; Weltzicn, A. 138, 
129; Beindel, J. pr. 76, 342; Bottger, J. pr. 76, 
238; Braun, J. pr. 90, 356).'- 6. Chlorine forms 
KCl and KjFeCyB *> bromine reacts similarly to 
Cl. -7. Iodine dissolves in warm K^FeCya to 
form an olive-green liquid, from which crystals 
of a double compound of KI and KjFeCya 
(KI.K,FeCy„) separate on cooling (Mohr, A. 105, 
57 ; Blomstrand, [2] 3, 207 ; Preuss, A. 29, 
323). — 8. Fairly cone. niL-ic acid forms nitro- 
prussic acid (q.v. p. 341) ; very cone, nitric acid 
decomposes the salt entirely, forming N, Cy, 
NO, CO^, KNO„ and Fe.Oy. — 9. Dilute sulphuric 
acid forms H4FeCy6Aq if cold, if the H^S04Aq is 
warm HCy is evolved (2K4FcCy8(Vq + 3H2S04Aq 
= GHCyAq + FeK,(FeGyJ -h GK.SO^Aq ; Witt- 
steiii, Viettcljahr. "Pharm. 4, 515 ; Aschoff, Ar. 
Ph. [2J 106, 257). Heated with enno. H^S04 
almost pure CO is evolved (Fownes, P. M. 
[3j 24, 21) [K,FeCy„ + (;H_S04 GH^O 

= 2K BO, -I- 3(NiI|) BO, + FeSO^ + 6CO]. — 10. D*e- 
' composo<l by boiling with mercuric oxide and 
i water, HgCy,j and Fo^jon)^ being formed (Weith, 

I Z. 1869. 381). — 11. Boiled with salammoniao 
I NH^Cy is volatilised (Wyrubow, A. Ch. [4J 16, 

I 280). — 12. Ammoniacal silver nitrate forms 
I Fc(OH )3 and AgCy.KCy. -13. K^FeCy, boiled 
I with a very little ferric chloride solution forma 
■some K,l’’oCyg (Williamson, A. 57, 238). — 
14. KjFeCy^Aq reacts with most metallic salts 
to give pp'j. ol fcrroenjanides (q.v.). 

Doubla ferrocyanides derived from 
potassium ferrocyanide. (Those only are 
mentioned here which contain potassium, and 
another metal the first letter of the name of 
which follows P in alphabetical order ; the other 
double ferrocyanides containing K are mentioned 
under the headings of the metal other than K). 

NaaK.FeCy,.0H3O (Wyrubow, A. Ch. [4] 16, 
280). 

NaX^.FoCyg.SHjO (Reindel, J. pr. 100, 6). 

Nakj.FeCyj.SH^O (Reindel, J. pr, 65, 450). 
KjSr.FeCy,.3H,0 (Wyrubow, A. Ch. [4] 21, 
271). 
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K.W,.FoCy,.7H20 ; K,WjFeCy*20H,O (?) 
(Wyrubow, A. Ch. [5J 8, 44 i). 

K,U3.FeCy«.6H,0 (?) ; K,3 UO,.(FoCy„),.6H.p ; 
K„5U0ai(FeCyj4.12H20 (W., Z.c. ; Atterboig, BL 
[2] 241, 355). 

K, 3 V.(FeCy 3 )«(??) (W., Z.c.) ; 

K«(VO)5(FeCy„),.(50H.O (?) (A., l.c.). 
KY.FeCyfl (Cl^vo a. Iloeglund, BL [2] 18, 107). 
Double salts containing potassium 
ferrocyanide. 

K.FeCyg.OKNOa.ONaNO, (Martins, Z. 18GG. 
310 ; cf. Wyrubow, A. CL [1| IG, 280). 

K.FeCy8.3HgCy,.4il,0 (Kane, A. 35, 357 ; 
Lowe, J. 1857. 273). 

Osmium ferrocyanide Os_;FeCy^ (Mar- 
tins, A. 117, 357). 

Rubidium f err 0 cyan id cBhy FeCy„.2 lip. 
Yellow triclinic crystals. Obtained by dissolving 
JibpO., in l{,FeCy^Aq, and evaporating (Piccard, 

J. 2)r. 86, 440). 

Siller ferrocyanide Ag,FeCy„ (Glass- 
ford a. Napier, P. 4L [3] 25,71); vvitli 211,0, 
according to Wyrubow (/I. Ch. [5] 8, 111). 
White pp. turning blue in the air by adding 
K^FeCygAq to solution of a Ag salt. !Sol. in 
KOyAq. Combines with NH, to form 

Ag,FtCy,.2NIl,.GH,0 

(Gintl, W. A. n. 50,554 ; GO, 470). Decomposed 
by warm NH,Aq to FeO.x’hip and solution of 
AgCy and NH,Cy (Weith, Z. [2J 5, 381). 

Sodium ferrocyanide Na4FcCy„.12H20 
(Ber/adius), or 011,0 when ppd. by addition of 
alcohol to its hot solution (Weith, A. 147, 320). 
Obtained by boiling Prussian blue with NaOHAq, 
filtering, and cooling. Monoclinic, pale-yellow j 
crystals, which ellloicsco in air (Ileiiidel, J”. 

102, 42). 

Strontium ferrocyanide 
Sr.^FeCyfl.l5Iip ; easily soluble, yellow mono- 
clinic crystals Obtained by dissolving SrCO, 
in II^FcCy„Aip cvaiiorating, and rccrystallinng 
the crystals which separate (Bette, A. 22, 14H). 
Wyrubow {A. Ch. [4] IG, 280) obtained crystals 
with 8Hp. 

Thallium /erroci’/rt7ii£7eTl,FeCy,,.2Hp ; 
small, lustrous, yellow triclinic crystals. Formed 
by crystallising a mixed solution of cone. 
K^FeCy^ with cone. Tl./JO,Aq (Lamy a. Dos- 
cloiseaiix, A. Ch. [4] 17, 310; Wyrubow, A. Ch. 
[4] 16, 280). 

Tin ferrocyauides. SUinnous ferrocy- 
anide Sn,FoCy,i.4IIp ; white pp. by adding 

K, FeCy„ to SnCl , solution (Wyrubow, A. Ch. [.5J 

H, 444). Stannic ferrocyanide SnFeCy„.4Hp ; 
brownish pp. by adding KFcCy,,Aq to 18n01, 
solution (W., l.c.). Wyrubow describes other 
ferrocyanides of tin, but ^heir composition is 
doubtful, • 

Titanium ferrocyanides. According to 
Wyrubow (.4. Ch. [5] 8, 444) viuious Ti ferro- 
cyanidos are obtained by adding KiFeCygAq to 
solutions of Ti salts ; the composition of these 
compounds is doubtful (cf. Atterborg, Bl. [21 
24, 355). 

Thorium ferrocyanide Th ,FoCy„.4H.,0 

(Cl^ve, jBZ. [ 2 ]! 21 , 119). 

Uranium f errocyanideU¥QCy^.lQiRfi\ 
U,KjFe0y«.20H,O (Wyrubow, A. Ch. [5] 8, 444). 

yunadium ferrocyanide. The salt 
(VO) 2 FeCye.llHjO is said to be formed by ppg. 


V salts by KJ^’cCy^Aq (Atterbcrg, Bl. [2J 24, 
355). 

Yttrium ferrocyanide. The salt Y^FoCy, 
is said to be produced by boiling yttria with 
Prussian blue, filtering and evaporating slowly 
(Popp, l4. 131, 179). For double K-Y salt v. 
Potassium ferrocyanide. 

Zinc ferrocyanide Zn.^FoCy«.3Hp 
(Schindler, Mayaz. Pharm. 35, 71), or with 
4Iip (Wyrubow, A. Ch. [5] 8, 444). White pp. 
by adding excess of ZnSO^Aq to K,FeCyeAq ; or, 
better, by using TT.FcCy,,. If the ZiiSO^Aq con- 
tains NHj, a double sedt, Zn_,FeCy„.3NHa.Hp, is 
produced (Bunsen, P. 34, 134 ; Moiithiors, A. 64, 
297). 

P’EllltlCYANIIYDniC ACID AND KElUtlOYANIDES. 

Ferrtcyan hy dric acid II^FeCyu. {Ferri- 
cyanic acid. Hydrofcrncyanic acid. Ferri- 
2>russic acid. 9 Hydrogen ferricyanule.) Pre- 
pared by decomposing Pbj(FeCyJa by dilute 
H^SO^Aq (Gmelin) ; or, preferably, by adding 
to cold cone. K 3 FcCy,,Aq two or three times its 
volume of very cono. HClAq, and collecting the 
acid which separates on a porous plate, and dry- 
ing in vacuo (Schafarik, W. A. B. 47, 2G2). 
Forms lustrous brownish-{;rcen needles ; very 
sol. in water and alcohol, insol. in ether ; de- 
composed in air with evolution of HCN and pro- 
duction of bluc-colourod residue (Possolt, A. 42, 
163). Joannis (C. B. 94, 419, 5tl, 725) ex- 
amined the thermal data for H,FeCyHAq; the 
solution was prepared by the action of Br on 
H^FeCyeAq 

[HUi’eCy-Aq, aXOIIAq] - 43,500 ; [H\ Fe, Cy«, 
lAq]- 77,400 (gaseous Cy) ; [lI‘FcCy*’Aq, II] <= 
29,200 (production of solution of H,FeCyu from 
solution of H.jFeCyJ. 

Ferricyanides {Ferri])riissiates). Salts of 
ferncyanhydric acid. These salts are produced 
by the action of oxidising agents on the ferro- 
cyanides ; the action consists in the withdrawal 
of I of the metal of the ferrocyanide ; I^IjFeCyg - M 
=» MjFeCy,,. Alkali ferricyanides arc soluble in 
water ; most of the other ferricyanides are insolu- 
ble, and may be formed by ppn. Alkali ferricyanides 
give pps. with salts of many different metals. 

Ammonium ferricyanide 
(Nn,)aFeCy,,.3np. Chlorine is passed into NH, 
ferrocyanide solution until the liquid ceases to 
give a blue pp. or cok>ur with FeCl^Aq (free from 
FeCla) ; the liquid is evaporated slowly, then 
cooled ; the crystals of (NH,)jFeCy^ are separated 
from those of NH,C1 formed in the reaction, and 
are rcorystalliscd from water. Cannot be wholly 
dehydrated without partial decomposition, HCN 
being evolved and some Prussian blue produced 
(Jacquemin, BL [2] 1, 319 ; Bette, A. 23, 115). 

By boiling KiFeOy„Aq with (NH,) 2 SO,Aq 
Schallor {Bl. [2] 1, 275 ; 2, 93) obtained crystals 
of the liouble salt (NHJjK.FeCyg. Schuler (W. 
A. B. 77, 602) obtained the double salt 
NH,Pb.FcCy«.3II,0. , 

Barium ferricyanide Ba,(FeCy,,)220HaO 
(Schuler, W. A. B. 77, 692). By passing Cl into 
a solution of BaK^FeCy^ (obtained by mixing 
cono. BaChAq with excess of cone. K^FeCygAq), 
warming to remove excess of Cl, adding alcohol, 
and cooling, tlio double salt BaK.FeCy,.3HaO 
was obtained (Bette, A. 23, 115). 

Beryllium ferricyanide (Joezynsky, Z, 
1871. 276). Composition undecided. 

Z 
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Bismuth ferricyanide BL(FeCyA.. 
fn by adding K>oCyX 

to Bi(NO,), dissolved in very little HNO.Aq, 
washing with cold water, and drying in vacuo 
over HjSO^. Decomposed by boiling water with 
evol ution of HON. Cl, in presence of hot water, 
blue, and HCN; Br and 
aOHAq gives Bi„0, and FejOj. Deduced by 
Na-amalgam to Bi^fFeCy,,)^. 

Also obtained by reaction of dilute HNO.Aq 
(2* (Pattison Muir, G. J. [21 

16, 654 ; 17, 40). 

Cadmium ferricyanide. Yellow pp. ob- 
tained by adding K^FeCy.Aq to solution of a 
Ld salt ; composition undecided. This pp. 
dissolves in NH,Aq ; if little NH,Aq is 
used the double salt Cd3(FeCy«),6NII,.3H.O 
^ formed; if much NH^Aq is added the salt 
Cd^I eCy3)j.4NH^.2II.^O is produLod after a time 
(Wyrubow, A. Gh. [5] 10, 413). 

Calcium ferricyanide I 

Ca3(FeCyg)2.10 (or 12) HjO (Berzelius, S. 30, 12 ; I 
Bette, A. 23, 115). Formed by the action of Cl ' 
on Ca^FeCygAq. Fine, red, deliquescent needles. 
The double salt CaK-FeCy^ is described by Mo- 
sander (P. 25, 390). 

Cerium ferricyanide CeFeCy..4H,0 , 
(John, Bl. [2J 21, 535). By adding alcohol to a ! 
mixture of Ce nitrate with K,FeCygAq. i 

Chromium ferricyanide. Compound ob- 
tained by adding K,FeCyg to a Cr salt. Compo- ’ 
Bition undecided {v. Stridsberg, J. 1864 301) 
Christensen {J. pr. [2] 23, 49) describes the ' 
double compound CrFeCyg.5NH3.1iH^O. 


Cohalt ferricyanide Coj(FcCyg)2. Bed- j 
brown pp obtained by adding K,FeCygAq to a ! 
Co salt 7. 497). When Co,(FeCy.), is kept I 
m contact with NH^Aq for a long time the I 
<^uble catnpomid Co3(FeCy,)2.2NH,.GH..O is pro- •' 
duced (Braun, A. 125, 153, 197). * I 

Copper ferricyanides] Cuprous ferri- ' 
cyanide Cu,(FeCyg) ; brownish red pp. formed by ' 
ad^g Cu^Cl.^ in HClAq to K.FeCygAq. Sol. in ' 
NHjAq, but not in NH, salt solution. Cupric 
fe^yanide yellowish pp. formed 

when a cupric salt solution is ppd. by K.FcCy • 
said always to contain excess of K,FeCy,, pos- 
sibly in combination ; sol. NH^Aq, also in solu- 
tiona of NH^ salts (Wittsiein, IL P. 63 314 • 
Williamson, A. 57, 225). ’ * 

Iron ferrtcyanides. Turnbull's blue, 
P®5Dy,2, is probably ferrous ferricyanide 
Foj(FeCyg)2. Soluble Prussian blue, KFcjCv , 

IS probably potassium- ferrous ferricyanuie] 
FeK.FeCyg: there is also a corresponding NH. 
salt. Pclouze's green (or Prussian green), 
PejjCyag, may be regarded as ferroso-ferric ferri- 
cyanide, jFeCy,)^. 

Addition of FeClgAq to K^FeCy^Aq produces 
soluble Prussian blue, which is generally regarded 
as a ferricyanide ; th% same compound is pro- 
duced by adding FeSO^Aq to KgFeCygAq. The 
formation of a ferricyanide from the reaction 
between a ferrous salt and a ferricyanide, and 
also from that between a ferric salt and a ferro- 
cyanide, is explained by Skraup’s observation, 
that ferrous salts reduce ferricyanides to ferro- 
cyanides, while ferric salts oxidise ferro- to 
^erri- cyanides {W. A. B. [Juniheft, 1876] vol. 74, 
part 2). When soluble Prussian blue is treated 


with FoSOlAq Turnbull’s blue, Fo,(FeCyg)„, is 
formed ; when ferric sulphate is used the product 
S is ferric ferrocyanide 

^ oo4\ ferrocyanide Fej.FcCy. (q.p. 

p. 334), when partially oxidised, produces ferrous 
ferricyanide (Turnbull’s blue), and when more 
fully oxidised ferric ferrocyanide (Prussian blue) 
18 formed. These reactions sullice to show how 
easy is the passage from ferrocyanides of iron 
(both ferrous and ferric salts) to ferricyanides, 
ana vice versd. 

Ferrous ferricyanide Fe,(FeCy )o. 
(Turnbull's blue). Obtained by adding K^FeCygAq 
to an excess of a ferrous salt, digesting the pp. for 
some time with the ferrous solution, and washing 
with hot water ; also obtained by partial oxida- 
tion of ferrous ferrocyanide Fe.,.FeCy„, which is 
the pp formed by adding H,FcCy,Aq to a ferrous 
salt. Best prepared by ppg. excess of a ferrous 
salt by H3FeCy,Aq (q.v.). When dried in air 
retains about 28 p.c. water (W]Iliarns(Sh, A. 57, 
-25) ; cannot be completely dehydrated without 
partial decomposition, giving Fo.O, and Prussian 
blue, l'o,(FeCy„),. Oxidises when moist by ex- 
posure to air to ferric ferrocyanide (Pnissian 
blue). Deep-blue powder, with tinge of copper- 
red; insol. water, alcohol, and dilute mineral 
acids; sol. IFCp^Aq. Decomposed by KOHAq 
or K.CO.Aq, giving K,FeCy„Aq and FeD^; 
Prussian blue gives Feps ami K^FeCycAq. 

I Ferroso-ferric ferricyanide 
Fe"*j.l'e”3(FeCyjH-Fe,3Cy3,j. (Prussian green. 
Pelouzes green) (Pclouzc, A. Ch. [2] 69, 40: 
Frlenmeyer, Lehrb. der organ. Cliemie [1867], 
p. 48 et scq.\ Williamson, A. 57, 225). Green 
pp. obtained bypassing excess of Cl into K.FeCy, 
or KgbeCy,,, boiling tlie liquid, washing the pp. 
\vith cone, boiling HClAq (to remove FeA and 
Irussian blue) so long as the liquid is turned 
^ water, washing with water, 

and drying.^ Also produced by prolonged con- 
tact of K.FeCy^ with aqueous acids ; and by 
boiling Bolublo Prussian blue (K-forrous ferri- 
cyanide, FeK.FeCyJ with HN03Aq. Changed to 
Iri^sian bine, Fe,(FeCy«)3, by prolonged contact 
with air. Heated to 180 ’ gives off Cy and HCy. 
Decomposed by KOHAq, giving FeAHg and 
K^FcCy^Aq and KjFeCyg. 

Another cyanide of iron, which is probably a 
ferroso-ferric ferricyanide, viz. Fe.C.o 

described by Reynolds 
A /. Trans. 1888. 767) as a black solid, formed 
by heating to boiling 40 parts of bromine with 
20 parts of K,FeCy,, in saturated solution in a 
flask with a reversed condenser for 5 or 6 hours, 
washing with dilute HClAq, tlien thoroughly with 
cold water, and drying over in vacuo. The 
substance is hygroscopic ; potash decomposes it 
to Fe03H3,‘K,FeCy„, and K.FeCy^ ; it dissolves 
in cone. HClAq after long digestion, giving Fed, 
and FeCl, ; when moist it is changed in air to 
Prussian blue. 

Double ferricyanides derived from 
ferrotis ferricyanides. 

Ammonium- ferrous ferricyanide 

NAFe.FeCyg.l^HjO (Wyrubow, A. Ch. [5] 8, 
444). Corresponds with, and prepared in man- 
ner similar to, the K salt (v. post), but more 
stable than that salt ; may be dried without 
decomposition ; not ppd. from solutions by alco- 
hol. 
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Potaasium-ferroiis fcrricy^nidc 
KFe“.FeCyB. {Soluble Prussian blue.) This 
gait may perhaps be better regarded as potassium- 
ferric ferrooyanide KFo'ii.FeCy^. It is obtained 
by mixing FeCl^Aq and K,FoGy„Aq in the ratio 
FoCl,:K,FoCy,, ; solutions of known strength of 
the reacting salts are poured simultaneously 
into the same vessel with constant stirring, the 
pp. is at once washed with cold water, and 
dried over H.SO^ in vacuo {Skraup, W. A. B. 
\Jumhcftf 1870] 74, 2nd part). It is also 
foinaed by dissolving about 80 g. K,FeCy„ in 
water, and adding altmt 3g. ]'Vi,S0^.7ll.O, free 
from ferric salt, dissolved in water ; the pp. is 
washed with air-freet water containing a little 
KOI, and then with pure water (Skraup, Ic.). 
Dried in vacuo the salt has the composition 
2(KFe.FeCy,i).3jHp (Skiaup, f.c.). (For i>ro- 
paration v. also Brucke, J. 1860. 283 ; Ileindel, 
D. P. J. 190, 390). 

A blift solid, sol. cold water, solution is de- 
composed by boiling With foimation of yollowisli 
pp. Addition of salts, mineral acids, or alcohol, 
to the aqueous solution of this compound pro- 
duces a blue pp. After continued washing with 
alcohol, soluble blue becomes insol. in water 
(Skraup, A. 180, 371). From an aipn'ous solu- 
tion of soluble blue, containing a liltle alkali, 
ferric salts jipt. Prussian blue, Fe,(FeGy„)„ ami 
ferrous salts ppt. Turnbull’s blue F*' (Kelly 
(Skraup, Ic.). Alkalis, NIl^Aq, and alkali car- 
bonates ppt. Fo,0„il„ and foim a solution of 
ferrocyanido. Digested with K,FeCy„A(i, 
K,FeCy,,, and potassium ferrous fcriocyanido 
(Kd'V'.FeCyJ aie produced. 

The blue compound obtained by Williamson 
{A. 57, 225) by lu-atin;; polassium lonous ferro- 
C}anide, K,Fo''.k'eC>„, with ililute HND.Aq ap- 
pears to be ideiiLicai with ^.oluble Prussian blue. 
This body was ])feparcd by digi'stmg 1 pt. white 
Kd^^kFeCy,. wuth I pt. cone, acid and 20 pts, 
water; whcn4lie Inpiid was nearly b.uling NO 
escaped, and tlie lamp was removed; treatment 
witli HNO,Aq was continued until a seniple of 
the blue couipoiind prod uci'd gave pureFe^OJIg, 
nnmixed Avith FcgO„ when decomposed by 
KOHAq. 

Lead fet rieyanlde. Gmclin gives the 
formula Pb,(FeOy«)^; Schuler (IF. A. B. 77, 
092) gave I’b (FeCyJ..4H,.0 ; v. Zepharovich 
(IK. A. B. 59 [ 'ml ])artj, 800) Pb.,(FeCyj2.16H,p. 
According to ^Vylubnw {A. Ch. [5] 10, 413) the 
salt with lOtFO is obtained by mixing hot solu- 
tions of equivalent weights of Pb(NO,).. and 
K,KeCy,,, and allowing to cool. Small dark- 
reddish crystals ; not e. sol, water. Double salts ; 
PbK.FeCy„.3II,0 (Wyrubow^ l.c.). The mother- 
liquor from Pb 3 (FcCy „)2 deposits this salt on 
cooling. Bed, six-sided tnclinic {Hates; a:b:c 
l-7205:l:'9309. Decomposes on c.xiJosure to 
air. Pb,(FeCyJ ,.3PbO, 11, .1111.0 ; 
l^lh(FoCyJ,.Pb(NO.,).,.riH,0 (Schuler, W. A. B. 
77, 092). 

Magnesium ferricyanide Mg,(FeCyj 2 ; 
reddish brown, non-crystallisable ; obtained by 
treating Mg^FeCyH (2* wilSi Cl (Bette, A. 23, 
116). Roindol {J. jw. 103, 160) obtained the 
double salt MgK.FeCy^. 

Manganese ferricyanide Mn,(P’oCy„)., ; 
browmsli pp. by adding KjFeCv Aq to solution 
Qt It Md salt (Wittslein, B. F. oX 314). 


Nickel ferricyanide', pp. formed by add- 
ing K^PeCy^Aq to solution of a Ni salt is prob- 
ably Ni 3 (FeCy„),, (Gw. 7, 500). According to 
Reynoso {A. Ch. [3] 30, 252) addition of 
K.PeCy^Aq to an ammoniacal solution of a Ni 
salt profluccs a yellow pp. of the double salt 
Ni3(FeCy„).,.4NH,.H,0. 

Potassium fe'rricyanideli^YeQy^, {Bed 
pruss'iate of potash). 

Fonmitwn. — 1. By adding PbO, to 
K,FeCy,,Aq, and neutralising the KOH produced 
by an acid (Seuberlich, D. P. J. 238, 484).~2, By 
adding PrAq to K,FeCy,Aq until FcCljAq ceases 
to give blue {tp. --3. By passing ozonised 0 into 
K,FeCyflAq. — 4. By electrolysing K^FeCy^Aq 
(Schlagdenhauffen, J. 1803. 305). 

Preparation.— 1. K^FcCy.Aq is digested with 
potassium-ferrous ferrocy.anide, KjFe.FeCy^ 
{q.v. p, 334) tl* liquid is filtered and crystallised 
(Williamson, A. 57, 225).-2. Well washed Cl is 
{lassed into cold KjFeCy„Aq, with constant agita- 
tion, until a few drops of the liquid give a brown- 
red colour, but no ]ip., with FeCl^Aq; the liquid 
is evajioratcd, and the crystals are repeatedly 
recryst.rllised fiom water [K^FeCy^Aq -f Cl 

- KClAq -f KjFeCy„Aq] (Ginelin, S. 34, 325; 
Zimiuermaim, D. P. J. 127, 211). If the passage 
of Cl IS continued too long some Prussian green 
is formed (y. Pen oso-f erne ferricyanide, p. 338) ; 
to remove this, Posselt (.4. 42, 170) evaporates 
to the crystallising point, then adds 2 or 3 drops 
of KOHAq (not more), filters from Fe20(,H,|, and 
allows the liipiid to crystallise. — 3. Rhien 
{D. P. J. 206, 151) recommends to mix HClAq 
with cold K.FeCygAq in the ratio 2K^FeCy,;HCl, 
and then to add a cold filtered solution of bleach- 
ing powder until FeCljAq gives no blue pp. ; 
any excess of acid is then neutralised by CaCO^, 

j and the solution is evaporated to the crystallising 
point. The first crop of crystals is pure, the 
subsequent crops contain traces of lime which 
may bo removed by re-crystj,llisation. 

Properties. — Large red pribiiiatic crystals; 
monochnic,a:6;c =--‘7 157:l:'6985(Kopp,ivr)/stoZ/o- 
graphie, 311) ; accuidmg to Schabus ( IF. A. B. 
1850. 582) the crystals are trimetric with the 
ratio of axes a:6:c = l-2418:l*670G:l. S.G. 1-8- 
1-85 (Schabus, l.c. ; Wallace, C. J. 7, 77). S. 
33 at d-S-", 36'6 at 10^, 39*1 at 15-5°, 58-7 at 38"', 
77-oat 100^81-9 at.104^ ( = B.P. of saturated 
solution) (Wallace, Ic.). S.G. of KaFeCy.Aq 
saturated at 15-6° -M78 (Schiff, A. 113, 199). 
Nearly insol. alcohol. H.F. [K®, Fe, Cy*'] 

- 278,700 ; data obtained by oxidising K^FoCygAq 
by Cl and Br, also n,FeCy^Aq by Br, and re- 
ducing Zn 3 (FcCyj 2 by HlAq (Jounnis, C. li. 94, 
449, 541, 725). 

Reactions.— 1 . Heated ? n a closed vessel, de- 
crepitates, evolves Cy and a little N, residue con- 
sists of KCy,K J'VCy^, ]<’e,(FeCy„);„ C, Fc, and prob- 
ably paracyanogen. Heated in air, Cy is evolved 
and FoDj and KCy reraain.— 2. K.,FeCygAq is 
reduced to K^FeCy„Aq by the action of sunlight 
(ngt by yellow light) (Vogel, B. 4, 90; SchOn- 
bcin, P. 07, 87) ; also reduced by H^S (William- 
son, A. 57, 225) ; by alkali sulphide (Liesching, 
D. P. J. 128, 200); by thiosulphates (Diehl, 
J. pr. 79, 430 ; cf. Lowe, J. 1857. 273) ; by HI 
(Lenssen, A. 91, 240) ; by reduced Ag, Zn, Fe, 
Bi, <&c. (Eder, J. pr. [2] 10, 211 ; Bcittgcr, C. G, 
1872. 708) ; by ferrous salts when hot (Skraup 
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A. 186, 371) ; by H.OjAq in alkaline solution 
(Weltzien, i. 138, 120) ; also by SO Aq, pbos- 
and UypopViospliitcs ; also by many.or- 
ledMcmg a^eiUa, c.g. tormic acid (Schon- 

bein, P. 67, 87). - 3. Alkaline solution of j H2'eC,N,0 (probably H,FeCy7mCTb^ 
KjFeC/^ ads as an oxidiscr, c.g,, towai^s su<;iir, i \Yere discovered bjr Vk/fair in isio 
starch, alcohol, oulic add ([ira//ace, G. J. 7^ ( d(l, 197, *271, SIS). They have been studied by 

77), indigo P. M. ^1, 1‘i'dV, 1:^0 is Gerhardt, Hadow, lloussin, and others, but their 

oxidised to HNO„ P to H,PO„ and S is said to constitution cannot be regarded as hnally deter, 
be oxidised to H^SO^Aq (Wallace, /.c.}.—4. / miiwd. The nitroprussidcs are formed by roao. 

nwnia reacts with K^FeCy Aq to form K^FcCy,, tions between nitrio acid and the alkali ferro- or 
(NHJ^FeCy^, and N (Mouihiers, J. Fh. [3j 11, / fern-cyanides, or between fenv- or fevri-cyanhy. 
254). — 5. Potash when boiled down with cojic. dric acid and nitric oxida, or by adding KNO., 
KaJ’eCy^Aq produces K^FeCy,, and KCy, evolv- and a dilute acid to a ferrocyanide. The first 
ing Cy and ppg. Fe^Oj (BoiidauJt, J. Ph. [.3] 7, i pioducts of the reaction bt^ween K,FoCy,,Aq and 
437).— 6. Some oxidLsnhle vutallic o.ndcs, c.g. I llNOj are K.,FeCy^ and MO; these then react 
PbO, Cr. Oy, MnO, SnO, when boiled with 1 to produce K nitroprusside with evolution of HCy, 
K,FcCy„An in presence of KOII, formK,FeCy„Aq, 1 N, and CO;,. According to Jenson (J. Ph. [5j 11, 
and a higher oxide of the inet.ib,' CoO and NiO | 315) continued electrolysis of K,FGCy« produces 
are not thus oxidised ; salts of Ag and Au pro- j a liquid which gives the reactions of K nitro- 
duce Fe.^Oj with solution of Iv,FeCyh and double , prusside. By boiling a mixture of FefeljAq and 
cyanide of K and Ag, or K and Au.— 7. When j KCy, to which KNO^ has ^een added, iC nitro- 
mercuric oxide is boiled with K,FeCy,,Aqt 1 is formed ; according to lloussin (A. Ch. 

llgGy.jAq is formed, and the whole of the Fe is 1.3j 52, 2.s5) this process is analogous to that 
ppd. asFejO., {Gmelin).-— 8. K,l''cCy,,Aq is doeorn- whereby iron nilrosulpliide [q. v. under Iron) is 
posed by exces.s of chlonne with production of ! produced, K^S being used in place of KCy. 
HCy and CyCl ; on boiling, or on addition of Alkali nitroprussidcs are soluble in water; the 
alkali, the liquid deposits fcrioso-fcn ic ferri. insoluble salts, c.g. of Cu, Fe, Zn, are obtained 
cyanide Fe^’^.Fca^tFeCyJe {g. v. p. 338). Bro- from these by double decomposition ; the Fe or 
mine, in excess, and with prolonged action, pro. Cu salt decomposed by NHiAq, CaOAq, or 
duces Prussian blue ; when the action is con- BaOAq, gives a solution of the NII^, Ca, or Ba 
tinned for a shorter time a black cyanide of nitroprusside. The nitroprnssides are generally 
Fo, FejCyjs, probably a ferroso-ferric compound coloured and crystallise well, A solution of a 
Fe 3 **Fe/'*(FeCyJ^, is formed (v. p. 338) ; when nitroi>russido gives a deep brilliant purplecolour 
the ferricyanide is in excess Turnbuirs blue is with an alkali sulphide ; the colour soon fades; 
produced (Reynolds, G. J. Trans. 1888. 7(>7). — this reaction is used as a very delicate tost for 
9. Nitric acid produces nitroprusside of potas- nitioprusside.s. The nitropiussidcs are dccom- 
sium {q, V. p. 341) and nitre (Playfair, P. M. f3] posed by boiling with alkalis, giving Fe^Oa, N, 
2(1, 107, 271, 348), — 10. Hydrochiot ic acid when alkali ferrocyanide, and probably alkali nitrite, 
boiled with KaFcCy,, forms KCl, Fed,, and 7'?07i- With if , S they give FeJJ,, Fru^sian blue, S, a 
bwZ/’s bZwe, Fe 3 (FoCy„),. — 11. Nitric oxide pro- ferrocyanide, and a nilrosulpliide of Fe ; they 
duces K nitroprussiAo "(Bunge, Z. 1866. 82). are not usually changed by SO.^. sulphites, or 

Combination. — With pofa.s'siiiia iodide to 
form KaFoCy^.K!; very un.stable salt (Breuss, A. 

29, 323 ; Mohr, A. 105, 57 ; BJomstrand, J. pr. 

[2] 3, 207; cf. Kern, C. N. 33, 184). 

The double salts KNa,.FcCy„, K,Na,(FcCyj 2 , 

K^NaFeCyH, have been isolated (v. lleindel, /. irr. 

102, 43; ibid. Z. 1870. 147; Laurent, J. 1819. 

291; Wyrubow, Bl. [2J I2l^ 98; 11, 115). 

Silver ferricyanide Ag.FeCyg. Orange 
yellow salt obtained by adding K,FoCy„Aq to 
AgNOyAq. When freshly ppd. Ag,FcCy„ is treated 
with NHjAq, or when K 3 FcCy,,Aq is added to 
AgNO^Aq with enough Nn,Aq to form a clear 
liquid, a reddish pp. of the double salt 
2Ag3FeCyg.3NH3.^H20is produced (GinthlF.A.B. 

69, 554). This compound dissolves in excess of 
NHgAq, and on heating decomposes, giving 
(NH,)^FeCy„Aq, NHjAq, Ag.FeCy,, and N. 

Sodium ferricyanide Na 3 FeCy, ,.11,^0. 

Euby-coloured deliquescent prisms ; obtained by 
oxidising Na^FeCy^Aq by Cl and evaporating. 

S. 18-9 cold water, 80 at 100° (Bette, A. 23, il5; 

Eeindel, J. pr. 102, 43 ; Kramer, J. Ph. 15, 98). 

Tin ferricyanides’, stannous ferricyanide 
Snj(FeCya),j, gelatinous pp. by adding K^FeCy^Aq 
to SnCl^ solution. Wyrubow (A.Ck. [5] 8, 444) 
gives the formula Snj(FeCyj4.25H20. 

Ferricyanides ol uramum, vanadium, and 


thiosulphates, but are decomposed by hot cono. 
H^SO,. Some of these salts are stable ; others 
undergo cliange in solution with ppn. of Prus- 
sian blue or Fe./),. 

The constitution assigned by Gerhardt to the 
nitroprussidcs {Traits, 1, 344) was M.^FeCyj.NO 

j [M «=■ Ac.] which represents the com- 

I pounds as salts of a dibasic acid containing 
j the groups NO and Cy in combination with Ko. 
j Tlie reaction between ferricyanhydrio acid and 
j nitric oxide is represented thus: H,FeCy„ 4 NO 
- H.FcCyvNO + llCy. Hadow (C. J. [2] 4. 341) 
FJipposed that the nitroprussidcs contained the 
group N.Og, becaTiso NO.^ does not change 
KjFeCyyAq' acidulated with II^SO^, whereas 
nitroprusside is formed by passing tlie gas 
evolved by heating starch with nitric acid into 
KaFeCy^Aq. Stiideler (Z. 5, 559) represents the 
preparation of K nitroprusside by the action of 
nitric acid on K^FeCyH (Playfair’s method) by 
the following equations (supposing that H^FeCy, 
is first formed) (I^ 2 H 4 FeCy„Aq -t- HNOj 
= 2H,FeCysAq + HNO.,Aq + HjO; 

(2) 2H,FeCy„Aq + ‘JHN02 
- 2H.,FeCy,(NO) + 2H.,0 -»■ Cy,. 
Regarding constitution of nitioprussides v, Kyd 
{A, 74, 340), Weith (Z. [2] 4, 104). 


knowiedgo regarding them. 

NITROPRU88IDE8 (NUf^prussiatp, 
ferricyanides.) Salts of^ 



CYANIDES. 


841 


Nitroprussic acid HjFoCjNjCj.Hp ; pro- 
bably H^FeCyj.NO.H.p {Nitrofenicyanic acid. 
Nitrofcrricyanhydric acid.) Obtained by dneoin- 
posjng the Ag salt by an equivalent quantity of 
HClAq, or the Ba salt by an equivalent of 
H.SOjAq, filtering, and evaporating in vacuo. 
Dark red deliquescent crystals; very easily de- 
composed in solution with formation of HCy and 
Fe.jO, (Playfair, lx.). 

Ammuniuin nitroprusside 
(NKJ^FeCjN^O. Obtained by decomposing the 
Fo salt by Nn.,Aq, filtering and evaporating 
gently. Very unstabU) ; solution deposits Prus- 
sian iiliie wlien boiled (Playfair). 

J) a riumnit r opr u s .s idol JaFeC^N, p.dTI.^O. 
Obtained similarly to the Nil, salt. Dark red, 
v(‘ry soluble, quadratic crystals ; give off most of 
their 11,0 at 100^ (P.). 

Calciuvi nit) oprnaside 
CaFoC^l^O.dlip ; very soluble, easily deconi- 
posed,j,c^staIs (P.). 

Copper nitropiriis‘iide CuFcG,N„0.2HP; 
greenisli pp. becoimng grey on exposure to light; 
produced by adding solution of the K or Na salt 
to solution of a Cii salt (P.). 

Iron nitr opr n i- .v i d e {foi rous). Yellowish 
jiiiik pp. by adding Kd''eC,NuOAq to a ferrous 
salt; ferric salts give no pp. Decomposed by 
alkalis. Probably Fe.FcC,iNp (P.). 

Potassium nitroprusside 
K ,FoC,iN„0.‘2Hp (P. ; also Enz, Vierteljahr. 
Pliurm. ‘2, 230). Prepaied similarly to the so- 
dium salt {q. V.). Daik led monoclinic crystals. 
S. c. too at 10^; sol. alcohol. Veiy deli([uescent; 
solution slowly dcfiosits Piussiau blue. The 
haste salt K^FeCjN^^O.K.O.ll.p is obtained by 
jiiiving a solution of the normal salt with twice 
Its volnino of alcohol, and then adding j»otash. 
Jensen {J. J^h. j5J 11, 315) prejiarod the suit by 
reacting on K^FeCy^ with Ca hypochlorite solu- 
tion. 

Silver nitroprusside Ag_;FeCjNjO. Flesh- 
coloured pp. obtiiinod from the Na or K salt by 
adding AgNOjAq ; insol. water, alcohol, or 
llNOjAq (P.). 

Sodium nitropi usside 
Na,FeC,N„0.2Hp. The other nitroprussides 
are made from this salt. 

Preparation.— Four parts powdered KiFeCy^ 
are mixed with c. 5^ parts nitric acid S.G. 1*3(5, 
the cone, acid being diluted with its own volume 
of water. The acid is poured on to the salt in one 
r|uautity ; the lowering of temperature is suOlcient 
to moderate the reaction. The salt dissolves 
forming a colTee-colourcd liquid, and evoUing 
CO._., N, Cy, and HCy ; the liquid i^ placed in a 
large flask, and warmed on the water-bath so 
long as gases are evolved, and until the liquid 
gives a dark green or slate-colouretPpp., instead 
of a blue pp,, with a ferrous salt ; on cooling, 
oiystala of KNOj mixed with a little oxamide are 
deposited; the mother-liquor is neutialiscd by 
Na^CO, (if K^CO., is used, K, nitroprusside is ob- 
tained) and boiled ; it is then filtered, and 
evaporated at c. 40^', or better in vacuo, until 
crystallisation begins on cooliflg ; the KNO, sepa- 
rates, and the mother-liquor yields the nitro- 
prusside which is purified by rocrystallisatiou 
from water, the prismatic crystals which foira 
being removed from the hot liquid, dissolved in 
a little hot water, and allowed to crystallise by 


cooling (in this way the KNO3 is separated) (P.; 
cf. Weith, A. 147, 312; Overbeck, Ar. Ph. [2J 72, 
270; Roussin, J. 1852.438; Schafarik, W.A.JB. 
47, 262). 

Properties and Reactions. — Large ruby-red 
triclinic*prisms ; non-dohquescent. S. c. 40 at 
15“. Does not lose water at 100° (P. ; also 
Ilammelsberg,P. 87, 107). 1. Aqueous solution 
decomposes rapidly in sunlvjht or on heating 
with ppn. of Prussian blue (Poussin, J. 1863. 
300). 2. -Ef^ciroZy.sus also produces Prussian blue 
(Schlagdenhauffen, J. 18G3. 305 ; Weith, A. 147, 
312). — 3. An alhaline solution acts as an ener- 
getic oxidiscr (Stadclor, A. 151, 1).— 4, Boiled 
v'lth alkalis FejO^H^ is ppd., N evolved, and the 

solution contains a nitiite and a ferrocyanide. 

5. Sulphuretted hydux/cn ppls. S and Prussian 
blue, and Na,FoCy,, remains 111 solution. -6. 6’o- 
dium amalgam, in presence of acetic acid, pro- 
duces a yellow colour, and alcohol causes a pp. 
in this liquid (for details v. Weith, A. 147, 312). 

7. Oxidised toNaNO., and Six A'oCy^hy pota.ssiuni 
permanganate in alkaline solution (Weith, l.c.). 

8. Decomposed by chlorine when heated with it, 
or when exposed to sunlight (Davy, C. N. 38, 
105).- 0. Decomposed by bromine at tempera- 
tures above 100"^ (Weith, l.c.). — 10. Easily decom- 
posed by cone. sulphuncacid.—l\. Wiih soluble 
metallic sulphides, including NH^ sulphide, a 
deep purple colour is produced ; the liquid soon 
becomes turbid, and pjits. S and Fep„ while 
NaNO.^, Na,FeCy,,,and NaSCy remain in solution. 
If an alcoholic .solution is used the ooloiired 
body Rcparatcs in oily droj^s, which give a green 
powder when dried in vacuo (Playfair). 

Zinc nitroprusside ZnFeCjN„0. Yellow- 
rose pp. by adding K^FcC^N^OAq to solution of a 
Zn salt. 

PnuFKRUocYANiiiKs. --- Whcii K^FcCy^Aq is 
heated with I a greonish-hrown liquid is formed, 
fiom which alcohol ppts. a crystalline salt; thi.s 
salt dissolves in water foinimg a dark reddish 
violet liquid (Sladelcr, A. 1^1, 1). The salt is 
better prepaied by mixing powdered K^FeCy^ 
with KC10.„ adding HClAq, heating very gently, 
neutralising by Na_,CO., after disengagement of 
gas has ceased, evaporating, ppg, by alcoliol, and 
again dis.^olving in water and ppg. by alcohol 
(Boug, Bl. [2J 21, 208; Skraup, A. 189,368). 
The salt is nearly black; it dissolves in water, 
is deepviob't; the compound is ve ry unstable, 
soon giving off Cy ; oven in tlie daik it changes 
colour to greenish black, and then dissolves to 
form a green solution. Iloiled with water it 
forms KjFeCy„Aq and Fe^(OJf),,. An aqueous 
solution of this salt gives green pps. with many 
metallic salts; it acts as an eiicigetio oxidiser. 
Nitric acid forms K nitroprusside, K,_,FeCjN„0. 
The salt iirohably has the composition K .FeCy„ ; 
if this is established the relation of potassium 
pcrferricyanule to potassium ferricyanide is 
similar to that of the fer^i- to the ferro-cyanide 
(KoFeCy^, K,FeCy„ K.h’oCy;,. 

, Lanthanum cyanide, LaCy., (Frer ichs a. Smith, 
A. 191, 365). A gelatinous pp., formed by adding 
solution of La.JsOJ, to KCyAq; forms double 
cyanides, e.g. 2LaCyv3PtCy2.18U.^O. 

Lead cyanides. No cyanide of Pb has been 
isolated. Pb salts are not ppd. by HCNAq ; but 
if NHj is present a white pp. of lead oxycyiiHule 
PbCy.3.2PbO is obtained (Erlenmeyer, J. pr. 48, 
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35C; Kugler. A. C6, 63). KCyAq atlJeil to ?b 
salts gives a pp. insoluble in excess of KCy. 
Joannis {G. E. 93, 271) gives the thermal data 
[Pb, O-N*, 2PbO, 17,800 (formation of 

solid PbCy2.2PbO.HjO from gaseous Cy^ and 
other materials as solids). Rammelsberg (P. 42, 
114) says that addition of ZnCy2.2KCyAq to solu- 
tion of a lead salt ppts. PbCyj.ZnCyj. The chloro- ; 
cyanide 2PbCy2.PbCl2 is described by Thor]) i 
(Am. 10, 229) as obtained by digesting PbCL with ' 
KCyAq. j 

Magnesium cyanide. Not isolated; solution ! 
of MgO in HCNAq soon decomposes with evolu- j 
tion of HCN (v. Schulz, J. pr. 68, 2;>7). j 

Manganese cyanides. No simple cyanide of 
Mn has been certainly isolated (Eaton a. Fittig, 
A. 145, 167). Several compounds are known 
which are best regarded as salts of inmujano- i 
cyanhych'ic acid H^MnCy^, which acid lias itself j 
been isolated, and manaanwyanhiidnc acid 
H,MnCy,. | 

Manganocyanhydric acid H,MnCy,,. 1 
Obtained by decomposing the Pb salt by HjS, I 
filtering, and evaporating m over 11,80, ; j 
insol. in ether, si. sol. in alcohol (T)oscainps, I 
A. Ch. [5] 24, 178). The Pb salt is obtaine<l by 1 
adding Pb(CjH,,0o)2Aq to a freshly-piepared I 
solution of K,MnCye, which is itself formed by ! 
adding 10 grams manganous acetate to 40 45 j 
grams KCy in 100 c.c. almost boiling water, and j 
then adding 15-20 grains KCy, and dissolving ^ 
the crystals of K,MnCya (which separate on 
cooling) in water (Christensen, J.pr. [2] 31, 163). I 
Manganocyanides. K,MnCy„.6HjO (for ! 
preparation v. supra)] deep -blue quadie.tic | 
crystals; lose 6H2O over H,SO,; may be crystal- j 
lised unchanged from a little KCyAq (Eaton a. 
Pittig, A. 145, 157; Descamps, J. Ch. [5J 21, 
178). Freshly-pnqiarcd solution of this salt gives 
pps. with most metallic salts ; the following are ; 
soluble in water and crystallisable : -BaATnCy,,; 1 
BalCMnCy^ ; Ca_.MiiCy,, ; Na,MnCy,,16HjO ; 1 
Sr-^MnCyfi (E. a. F., l.c. ; i)., l.c.). Addition of I | 
to K^MnCy^Aq ppts. all Mn as hydioKide (Beil- 1 
stein a. Jawein, B. 12, 1528). According to 
Desetmps (^4. Ch. [5J 24, 178) passage of NO . 
into manganocyanides produces salts analogous 
to nitroprussides [q. v. p. 340). J 

Manganicyanidcs. K,MnOy. is obtained 1 
by allowing solution of i\,MnCy„ in KCyAq to j 
oxidise in air (Eaton a. Fittig, A. 145, 157) ; or j 
by adding manganous acetate to warm KCyAq ' 
until the liquid is deep-red, filtering, and cool- 1 
ing (Christensen, J.pr. [2] 31, 163). Reddish- | 
brown needles, isomorphous with KjPeCy, (Itam- j 
melsberg, P. 42, 112; Handl, W. A. B. 32, 246). j 
By long boiling with water all Mn is ppd. as hy- j 
droxide. Other manganicyanides described are 
Ba3(MnCy,)2, Ca3(MnCya)2. and Na3MnCya.2n20 
(Eaton a. Fittig, A. 145, 157). The manganicy- 
anides are reduced to manganocyanides by Na- 
amalgam (Descamps, A. Ch. [6] 24, 178). 

Mercury cyanides. Only one cyanide of Hg 
is known, HgCy^ ; it forms very many double j 
cyanides, and also combines with many other 
salts to form double compounds. When HgO is 
heated with HCNAq, HgCyj and Hg are formed. 

Mercuric cyanide HgCyj. Prepared by 
boiling Prussian blue with HgO and water ; or 
by boiling 1 part K,FeCy,, with 2 parts IlgSO, 
\rid 8 parts water ; or by dissolving JJgO in slight 


excess of HCNAq and crystallising. White 
quadratic prisms (De la Provostaye, A. Ch. [3] 
6, 159; Kopp, Einldtung in d. Krystallog. p. 
163). S.G. 4-0 (Schroder, B. 13, 1070). Very 
poisonous. Sol. in about 8 parts water at ordinary 
temperature, much more sol. in hot water, msol. 
in absolute alcohol. When heated gives Hg, Cy, 
and paracyai logon (Johnston, A. 22, 280 ; Troost 

а. Hautefeuille, C. E. 66, 735, 795). Solution not 
ppd. by alkalis ; but readily decomposed by HgS, 
also by HClAq ; very slightly dcccrajiosed by 
other dilute acids in the cold (Plugge, Fr. 1879, 
408). Decomposed by heatifig with cone. IIJSO4; 
decomposed by Gl, Br, and I, giving HgClj, (fee., 
and GyCl, Ac., action of CWs attended with ex- 
plosions (Bonis, A. 5(5, 267 ; 64, 305; Weith, B. 

б, 1705; SenilJas, J. Ch. 35, 293; Stenhouse, 
J.33, 92). H.F. [Hg,Cy^] = 18,950; [HgCySAq] 
= -2,970 (Th. 3, 512). 

Mercuric oxy cyanide Hg^2-HgO. 
Small needles, formed by dissolving ^gO in 
warm HgCyjAq, and crystaRising. Very slightly 
sol. in water; explodes when heated (Johnston, 
2'. 1839. 113; Schlieper, A. 59, 10; Clailce, B. 
11, 1.504). Joannis [C. E. 93, 271) gives the 
tlicimal data [ HgCy'-, HgO] - 2,400. 

Double cyanides containing mer- 
curic cyanide :—HgCy2.2KCy ; obtained as 
transparent octahedra, unchanged in air, by dis- 
solving HgCy-jin hot KCyAq and crystallising, or 
bvhealii)gHgCyoWithHOyAqandK„C03(Grulliev, 
A. 106, 211). il.F. LH-4,Cy-,2KCyAqJ- 27,780: 
[lTgCy^2 KCyAq] = 8,830 ; [HgCy-Aq,2KCyAq ] 
= 11,800 {Th. 3, 472). Dissolves in c. 4 parts 
cold wah-r; solid ion gives pps. with soluble salts 
of Zn,Pb,(tc., these pjis. being double cyanides of 
ligand the other metal; the following have been 
isolated 31 lgCyj,20d(l!y2 (Schuler, yl. 87, 46) ; 
HgCy ..irg0.7AgCy (Bloxam, B. 16, 2009) ; 
IIgCy;.N(Cri,)4Cy (Claus a. Merck, B. 16, 2737). 

Double c 0 rn ]Hui n d s of mercuric 
cyanide with metallic salt's (Desfosscs, 
J. Cliim 6, 201; Geutlier, A. 106, 241; 

Dexter, C. C. 1862. 597; Brett, P. M. [3] 12, 
235 ; Poggiale, C. H. 23, 762 ; Liebig, 6'. 49, 253; 
Weeren, P. 93, 101 ; Clarke, B. 11, 1504 ; Ahlen, 
Bl\ [2] 27, 305; Caillot, A. Ch, [3] 12, 235 ; 19, 
220; Berthomot, P. 22, 020; Kletzinsky, Z. 1800, 
127; Nylandcr, J. pr. 79, 379; Wohler, P. 1, 
231; Kessler, P. 74, 274; Caillot a. Podevin, J, 
Ph. 11, 246; Rammelsberg, P. 42, 131 ; 85, 145 ; 
Darby, A. 65, 204; Kane, yl.35, .350 ; Bnckmann, 
A. 22, 1.53; Philipp, P. 131, 80; Winckler, 
Buchnet's Ecpcft. 31, 459; Claus a. Merck, B. 
10, 2737 ; Custer, A. 08, 323 ; Apjohn, P. M. 9, 
401). 

I. With chJoride.i ; with NH,C1, BaCL, CaCL, 
MgCl,, SrCl,^, NaCl, MnCl., ZnCl, (Brett, Poggiale); 
with kCl {Defosses, Gcuther, Dexter) ; with CoClj, 
FeClg, NiCL, SnCl^ (Poggiale, Dexter) ; with 
HgClj (Poggiale, Liebig, Weeren, Clarke) ; with 
chlorides of Ce, Di, Sr, La, and Y (Alileii). 

II. With bromides : with BaBrj, Srilr^, NaBr 
(Caillot); with CaBr^ (Custer) ; with I03r (Brett, 
Caillot, BerthemoD. 

III. With iodides : with Calj (Poggiale) ; with 
Balj, Sri., Nal (Custer) ; with KI (Apjolm, 
Caillot, Geuther, Kletzinsky). 

IV. Wdth other vietalhc salts : with KClOj 
(Poggiale) ; w'ith nitrati'S of Cd, Co, Cu, Fe, Mn, 
Ni, Zn (Xylander); with AgNO, (Wohler. Gea- 
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ther) ; with HgXO, (Genther) ; «v^ith K^Sp, 
(Kessler) ; with K3G2O4 and Ag2C.P4 (Caillot a. 
Podevin, Bammelsberg, Darby) ; with K4FcCyfl 
/Kane) ; with sulphocyanidea of Ba, Ca, Mg, K 
(BSckinann, Philipp) ; with H.CO3NH4 (Poggiale) ; 
with H.CO3K (Winckler) ; with Na.C.^HjOj (Ous- 
ter). 

V. With organic ammonium derivatives and 
alkaloids. HgCyj reacts with N(CH,)4l to 
form two isomeric compounds : a white salt 
HgCy2.N{CHj)4l, and a yellow salt 
5gCyI.N(CH3)4Cy (Claus a. Merck). HgCyj 
forms double compounds with aniline cyanhy- 
dride, with iodo-ethyl quinine, iodo-ethyl cin- 
chonidine, and iod^-ethyl strychnine (Claus a. 
Merck). 

Nickel cyanides. Only one cyanide of Ni is 
known, NiCyj; it forms several double cyanides; 
neither nickelo-cyanides nor nickeli-cyanides cor- 
responding to the cobalto- and cobalti-cyanides 
have b#Bn isolated. 

Nickelous cyunide NiCy^.aiHp. Apple- 
green pp. obtained by adding KCyAq to solution 
of a Ni salt, or HCNAq to Ni acetate solution. 
Loses all water at c. 200° ; at higher temperatures 
decomposes, evolving Cy and N, and leaving Ni 
and a carbide of Ni. Soluble in excess of KCyAq 
to form NiCy2.2KCy (Wohler, Oehlen's Journ. 6, 
234 ; Bammelsberg, P. 42, 114). 

Double cyanides containing nickel- 
ous cyanide. NiCyo.2KCy.H2O; obtained by 
adding excess of KCyAq to solution of a Ni salt, 
evaporating, and crystallising. Bed-yellow mono- 
clinic prisms ; S.G. 1*875 at 11°. Loses all water 
at 100'-’. Solution decomposes slowly on heating 
(Balard, G. R. 19, 900 ; Bammelsberg, P. 42, 
114 ; 90, 35 ; Clarke, J. 1877. 4.3). The following 
double cyanides have also been isolated: 
NiCy2.2Nn4Cy (Wohler, OeMan's Journ. 6, 234) ; 
NiCy3.BaCy2.3H2O (Wohler, l.c. ; Weselsky, B. 2, 
688 ; Mouthiers, A. 64, 207) ; NiCy2.CaCy2.xH2O 
(Wohler, Z.^) ; NiCy2.2NaCy.3H2O (Wohler, l.c. ; 
Bammelsberg, P. 42, 114) ; NiCy2.SrCy2.xH2O 
(Handl, W. A. B. 32, 240). Solutions of these : 
double cyanides are decomposed by dilute acids 
with ppn. of NiCya, and evolution of HCy ; HgO 
decomposes them ppg. NiCy2 and NiO; Cl or 
Br ppts. Ni203. 

Niobium cyanide. No cyanide of Nb has been 
isolated. When NbjOj is strongly heated with 
Na2CO, and charcoal in a current of air, a metal- 
like solid is formed resembling the compound of 
Ti with Cy and N ; this solid is possibly analogous j 
in composition to the Ti compound {v. Titanium 
cyanides) (Joly, G. R. 82, 1196). 

Osmium cyanides. One cyanide of Os, OsCy^, 
ind osmocyanhydric acid H403Cy„ and some of 
its salts, have been prepared. 

Osmous cyanide 0 sCyo. Dark violet solid 
obtained by continued boiling H408Cyj with 
IIClAq (Martius, A. 117, 367). 

Osmocyanhydric acid H^OsCy^. Ob- 
tained by adding cone. HClAq to K40sCy„Aq 
(q.v.), collecting the pp. which forms, washing 
it with cone. HClAq, and crystallising from al- 
cohol by adding a few drips of ether. White 
hexagonal prisms ; unchanged in dry air ; in 
moist air decomposes to OsCy.^ and HCN ; sol. 
in water and alcoliol, ppd. by a little ether (Mar- 
tius, A. 117, 367). 

Osmocyanides. K40sCy#.3Hg0 ; prepared 


by dissolving 1 part osmic acid in KOHAq until 
the liquid remains feebly alkaline, adding 1^ 
parts KCy, evaporating to dryness, heating in a 
closed vessel, dissolving in water, and crystal- 
lising once or twice (Martius, A. 117, 367 ; Claus, 
Beitrdgfi z. Ghemie d. Platinmetalle [Dorpat, 
1864], or J. 1855. 444; Claus, J. jm. 85, 129). 
Yellow-white plates isomorphous with K4FeCye 
(Claus, J.pr. 85, 129). The following osmocyan- 
ides have also been described: BajOsCyg.GH^O 
(Martius, A. 117, 367) ; BaK203Cy«.3:^0 (Mar- 
tius, I . C .). K40sCyHAq gives pps. with many 
metallic salts. 

Palladium cyanides. Two cyanides of Pd, 
PdCy2 and PdCy4, are known. Several double 
cyanides of PdCyj have been prepared. They 
may be regarded as derivatives of the hypothe- 
tical palladium-oyanhydric acid H2PdCy4; this 
acid has not been isolated, but the analogies in 
crystalline form and general properties between 
the double cyanides of PdCy2 and those of PtCyj 
point to the Pd salts as being derived from 
H2PdCy, ; the acid H2PtCy4 is known. 

Palladous cyanide PdCy2. Yellow-white 
pp. obtained by adding HgCy2Aq to neutral PdClj 
solution. Decomposed by heat to Pd and Cy ; 
not decomposed by ordinary acids nor by HgO ; 
soluble in NH^Aq, from which solution the com- 
pound PdCy2.2NH2 separates in white needles ; 
soluble in KCyAq forming PdCyj. 2KCy (Berzelius, 
P. 13, 460; Fehling, A. 39, 119; Bossier, Z. 
1866. 175). Joannis {G. R. 95, 295) gives some 
thermal data: [Pd, Cy '■'] = 23,600 (solid PdCyj 
from gaseous Cy and solid Pd) ; [PdO,2HCyAq] 
=*44,800 (giving solid PdCy2). 

Palladic cyanide PdCy4. Beddish pp. 
easily decomposing with evolution of HCN ; ob* 
tained by shaking HgCyjAq with PdCl4.2KCl. 

Double cyanides of palladous cyan- 
ide, or pallado-cyanides. PdCy2.2NH4Cy 
(or (NH4)2PdCy4) ; obtained by adding HgCyjAq 
to an ammoniacal solution of a palladous salt ; 
said to bo ppd. by • adding HCNAq to 
PdCl2.2NH4Cl (Croft, J.pr. 104,64 ; v. also Bossier, 
175). PdCy2.13aCy2(orBaPdCy4).4H20; 
large greenish monoclinic prisms; formed by 
adding HCNAq to a mixture of PdCyj and BaCO, 
(Bossier, Z. 1866. 175 ; Weselsky, B. 2, 688). 
PdCy2.2KCy (or K^PdCy^) ; obtained by dissolving 
PdCyj or Pd black in KCyAq, and crystallising. 
Crystallises with 3II2O in while monoclinic crys- 
tals, or with HD in lustrous tablets (Bossier, Z, 
1866.175). The following double cyanides are also 
described by Bossier (l.c .) ; PdCy2.CaCy2.4H2O ; 
PdCy2.CuCy.; PdCy2.PbCy2; PdCy2.MgCy2.4H2O, 
this compound forms the complex cyanide 
MgPdCy4.MgPtCy4.14n20 (Bossier) ; 
PdCy2.HgCy2 ; PdCy2.2AgCy ; PdCy2.2NaCy. 
Most of these double cyanides are isomorphous 
with the corresponding platinocyanides which 
are derivatives of the acid H2PtCy4. Solutions 
of the Pd double cyanides are decomposed, slowly 
in air, more quickly b^ acids, with separation of 
PdCy, ; H-S ppts. PdS ; Zn ppts. Pd. 

• Platinum cyanides. Platinum cyanide PtCy, 
is known ; also platincyanhydric acid H2PtCy4, 
and many salts derived therefrom ; there are also 
several compounds which may be regarded as 
additive compounds of the platinocyanides with 
halogens, or better as derivatives of perchloro- 
(bromo- or iodo-) platincyanhydric acid 
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H.^X.^tCy/, and finally there are some com- 
pounds of doubtful composition. 

Flatinous cyanide PtCy.^. Obtained by 
heating PtCy^.2KCy (prepared by heating KCyAq 
with cone, PtCl^Aq, or by wanning PtCli-'iNH^Cl 
with KCy and a little KOH) with HgCl.^ or by 
heating PtCy.,.HgCy2 (prepared by adding 
HgCljAq to PtCy,.2KGyAq) (Dobereiner, A. 17, 
250 ; Quadrat, A. 63, 164). Also fonned by 
heating PtCyo.2NHjCy to 300° (Schafank, J.yr. 
66 385); also by heating PtCy»2KCy with cone. 
H2SO4 (Knop a. Schnedeimann, J. pr. 37, 461) ; 
also by ppg. neutral PtCl.Aq by IlgCy Aq (Koss- 
ler, 2. 1866. 176) ; also, along with other pro- 
ducts, by heating HoPtCyg with H1^0,Aq (Scha- 
farik, l.c.). Sulphur-coloured solid; iiisol. in 
water, acids, and alkalis ; when heated gives Cy 
and Pt ; dissolves in alkali cyanides forming 
platinocyanides ; when freshly ppd dissolves in 
NH,Aq. 

Platinocyanhydric acid IT.PtCy,. HCN 
is passed into a mixture of 1 part PtCI.^ with 14 
parts PaCO., suspended in 6 p.rrts water kepi 
nearly boiling ; the passage of ilGN is continuod 
so long as CO^ i.s evolved ; JJaPt'Jyj.'ill^O crys- 
tallises out on cooling; this salt is dissolved in 
water (1 part dissolves in 33 parts water at 16°), 
and an equivalent (piantity of 11 ISO, Aq is added ; 
the filtrate from tlio ppil. is evaporated 

at a gentle heat and crystal! r-ed (Weselsky, J. pr, 
69, 276). Or CuPtCy, is prepared by adding 
PtCyj.2KCyAq to Cu(NOj)p4q, and the Cu salt is 
decomposed by H„S (Quadrat, .4.63, 164). Crys- 
tallises with 5H,0 in cinnabar-red prisms with 
blue sheen on surface, or with more than 5l£^0 
in yellow-green, inetal-like crystals, or in blue- 
black needles. Deliquescent. Very sol. in water 
and alcohol. Heated, dceoin [loses above 140° to 
HCN and PtCy.,. Carbonates are decomposed 
by HPtCy,. 

Platinocyanides. These salts generally 
form very beauti tul dicbroic crystals ; the soluble 
salts may be prepared by decomposing PaPtCy^ 
by the various metallic sulphates ; the insoluble 
platinocyanides may bo formed by adding the 
various metallic salt.s to K.PtCy^Aq. 

Ammonium platinocyamde 
(NH,)2PtCy4.H20. White, translucent needles; 
crystallises with 2TLO as yellow jirisms ; both 
with blue reflection. V. sql. water (Schafarik, 
J. pr. 66, 385; Quadrat, A. 63, 164; Knop a. 
Schnedermann, J.pr. 37, 461). An hydroxyl- 
ammonium salt (Nn/))2PtCy4.2H20is known; 
and also the double salt 
(NH,.NH,0)PtCy,.3iH20 (Scholz, M. 1, 900). 

Barium platinocyanide IbiPtCy^.lHjO. 
Prepared by passing HCN into 5 parts almost 
boiling water holding 1 part PtCIj and 1,‘ paits 
BaCO., in suspension, until CO,, ceases to bo 
evolved, and crystallising (Weselsky, J. pr. 69, 
276) ; PtCl^ may be used in place of PtCP, in 
which case 0 is evolvedIPtCl,-4-3PaCOsH 4HCN 
= BaPtCy^ + 2BaCl2 + 211,0 + SCO, + 0 ; Wesel- 
sky, /. pr. 103, 666). Monoclinic prisms. S.O. 
3'054 (Schabus, IV. A. B. 1850. .582). Crystals 
appear green in direction of principal axis, and 
sulphur yellow with blue- violet sheen in direction 
at riglit angles to this. Soluble in 33 parts water 
at 16°, considerably more sol. at 100°. Loses 
all water at 180°, and begins to decompose. 
JB’orma double compounds, BaPtCy^.IC.PtCy, 


(Martius, A.^ 117, 357), and BaPtOy4.Rb2ptOy4 
(Ditscheiner, W. A. B. 60, 373). 

Magnesium platinocyanide 
MgPtCy4.7H20. Prepared by adding MgSOiAq 
tq BaPtCy^Aq, filtering, evaporating to dryness, 
dissolving in a boiling mixture of alcohol and 
ether, and crystallising. Red quadratic prisma, 
showing greenish on the surfaces near the middle 
of the crystals and blue near the extremities 
(Haidiuger, P. 77, 89 ; Werther, J. pr. 76, 186 ; 
Greiss, P. 106, 645). At 40° loses water, turning 
yellow. The yellow salt may be obtained in finp 
crystals by evaporating an alcoholic solution of 
the salts with 7H .0 over H2SO4 ; the crystals 
contain SHD (Weither, J. pr^. 76, 186). Becomes 
colourless ate. 100° ; at 150° still contains 2H_.0 ; 
dehydrated at 200°-230°, becoming orange yellow 
(Werther, l.c.), (For more details v. Schafarik, 

J. pr. 66, 385 ; Quadrat, A. 63, 164 ; 70, 300 ; 
Weselsky, J. pr. 69, 276.) 

Mercuric platinocyanide I^PtCy,. 
White pp, obtained by q<lding llgCl.Aq to 

K, PtCy,Aq (Schafank, J. pr. 60, 385). 

P latino -ammonium platinocyanide 
PtPtCy^.dNIIj. {Platino-cf/ano-diplatoso-am- 
monium. Ammonium-plat numwioiuum platmo- 
cyanide.) White pp. obtained by adding KCyAq 
to animoniacal PtCl,, solution. With AgNO,Ai[ 
forms Ag_,PtCy4 and Pt(NO,)2.4NH, (Knop a. 
Schnederrnann, J. pr. 37, 461 ; Buckton, A. 78, 
328). 

Potassium platinocyanide 
K^PtCy^.HILO. Clear yellow rhombic prisms, 
with blue appearance in dire(!tion of princiiial 
axis. S.G. 2-1548 at 16° (Clarke, J. 1877. 4.1). 
Eftlorescos in air, becoming nearly white with 
slight orangi' tint. Does not tlucompose at c. 600°. 
SI. sol. cold, V, sol, hot, water. Decomposed by 
H.^SO^Aq in the cold, .giving PtCy_, and COo. Solu- 
tion gives white pp \/itIi mercurous salts vvilli 
Hg not in excess, and a blue pp. with excess 
of Hg salts ; this reaction chara/'terisos pla- 
tinocyanidos. The -.alt may bo obtained by dis- 
solving PtCl4.2NII,Cl with a little KOH in a 
cone, boiling solution of KCy, and crystallising 
from water (Martius, A. 117, 357). It is also 
produced by boiling Pt black with cone. KCyAcj 
(Dcville a. Deliray, C. Ti. 82, 2 tl) ; also by boating 
a mixture of Pt black and K,FeCy, nearly to red- 
ness, treating with wuit'^r, filtering, evaporating, 
and recrystallisingfrom water the crystals which 
separate. 

Silver platinocyanide Ag.PtCy^. White 
pp. by adding AgNU,,Aq to K2ptCy,Aq. Com- 
bines with NHj to form Ag,,PtCy,.2NlI, (Knop a. 
Schiioderniann, J. pr. 37, 461); prepared by 
adding K.^PtCy^Aq to arnmoniacal AgNO,,Aq, or 
to a solution of AgCO;, in (NH,)2C03Aq. Hoi. 
dilute NH.Aq, not in water. 

Besides the preceding platinocyanides, tlio 
following have been isolated : — CaPtCy,.5n 4) ; 
and CaPtCy^.K.PtCy^ (Dobereiner, A. 17, 2i0; 
Martius, A. 117, 357 ; Quadrat, A. 70, 300). 
CdPtCy^; CdPtCy4.2Nn3.H2O; andPbPtCy4.scIJ20 
(Martius, Z.C.). CuPtCy4.a:H20 ; 
CuPtCy,.2NH.,.H20 f Na2PtCy4.3H20 ; 
NaK.PtCy4.3H.O ; SrPtCy4.6H20 (Schafarik, J. pr. 
66 , 386 ; Quadrat, A. 63, 164 ; Martius, Z.c.i. 
Ce.(PtCy4)3.18II.O; La2(PtCy4),.18H20 (Czudno- 
wicz, J. pr. 80, 16). CoPtCy4.2NHj ; 
NiPtCy4.2NTl J1,0; ZnPtCy4.2NH,.n20 (Knop 
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ft. Schnederraann, J. pr. 37, 461). 
Di.fPtOy.ls.lSH^O (Cl^ve, JBl. [2] 21, 246). 
Er‘,(PtCy,),.21H,0; Y,(PtCy,)3.21II,0 (C16ve a. 
Hocglund, Bl. [2] 18, 197). LisPtCyj.ajH.O ; 
Li(Nll 40 )PtCy 4 . 3 H 30 (Scliolz, M. 1, 900). 
lib PiCy 4 .a:H 30 (Ditsoheiner, W. A. B. 50, 373). 
TI,PtCy 4 ; TljPtCy^.Tl.CO, (Friswoll, A. 169, 383 ; 
1’. a. Greenaway, j5. 10, 1858). Th{PtCy4),.16H..O 
(Clcn e, BL [2] 21, 116). 

The salts (Nn,Me),PtCy 4 , (NH.Et),PtCy„ 
(NII,Et,) 2 ptCy 4 , and (NIIEtJ.^PtCy^, have becni 
isolated (Debus, A. 128, 200; Scholz, M. 1, 900). 
Et^dCy, is describet by Than {A. 107, 315) ; 
ahc salts oi aniline, paratoluidine, and a-naph- 
thylamino (Scholz, Z«c.). Salts of alkaloids are 
also known {v. Schwarzcnbach, Vuiteljahr. 
Bhaiiii. 6, 422 ; Delfs, Fr. 3, 152). 

Halogen addition products of pla- 
tinoeyanidca, or salts of porchloro-, 
perbromo-, and periodo- platinocyanhy- 
ilric acid. These salts have the general form 
• PiT Pb Ni A1 

MPtCy 4 .X, where M - K, Na, ~, &c., 

and X"C1, Br, orl. They wore first obtained 
by Hadow iC. 13, 106), and liavo been 
examined also by Bloinstiand {J. pr. f2J 3, 207), 
and by Holst (/.'/. [2J 22, 317). Alkalis, or 
AgNO,/Vq, withdraw halogen from these salts 
le-producing the platinocyannles. Theso salts 
give white pps witii excess of lIgNO,Aq, whereas 
idatinocyanidcs give blu.- pps. under same con- 
ditions. When cone, solutions of the pcrhaloid- 
platinoe.yanidos are mixed wnth cone, solutions of 
iilatniocyanides, double compounds of the form 
5.M/'TCy4.NhPtCy,X._, aio ppd. {v. Cunouo- Ac. 
riAiiNocYANiDHs, Di/ni). Tlicso salts bleach in 
presence of alkalis ; the chloro- and bromo- salts 
decompose KI. 

Potass Lum parchloy oplatinocyanide 
K.PtCy,.Cl,,.2TIX) (Kiiop a. Schnedermann, J.pr. 
37, 461). 'Jiliis salt was formerly regarded as 
Pifiyi,2KGl, i.e. as a double compound of KCl 
with the h} [lothetical PtCy,; but the researches 
of Hadow show that it is rather to be looked on 
as the filial product of the reaction of Cl with 
Kd’tCy,, the intermediate product being the 
salt(desi;rihcdbelow)5fvd’tCy,.KBtCy4.CL, which 
is called by Hadow poLissuon-ciilotophUMO- 
cijanidi'. Potassium perchloroplatinocyanidc is 
jirepaied by dissolving K-chloroplatinocyanidc 
{q. V.) in nearly boiling aqtia rcqia and crystal- 
lising (K. a. S.), nr by oxidising the same salt by 
KMnO^ in presence of IICl, evaporating at 100'*, 
mid crystallising. Large rhoraboidal triclimc 
jilates ; v. sol. water and alcohol ; very efflor- 
escent; heated {'ives off Cy, leaving KCl and 
K.PtCy,, and at a higlierlieinperature gives KCl 
and Pt, Partially reduced by Zn and NH,A(], or 
by SO ,Aq, to mixture of K^PtCy , and fiK^PtCy^.Clj 
(K-chloroplatinocyanide). When cone, solution 
of K t’tCy,.Cl,^ and KjPtCy^are mixed crystals of 
the cliloroplatinocyanide (5K,jnCy4.K_PtCy4.ClJ 
are deposited. 

The following perchloroplatinocyan- 
idos have been isolated, Hbsides the Ksalt: — 
(NH,),X.2H,0; BaX.5H.,0 ; CaX ; MgX.:cH,(); 
MaX.2H,0 (Holst, Dl [2]‘22, 347) [X = PtCy 4 .CIJ. 

Perchlorn - platinocyankqdric acid 
H,,PtCy4.Cl,,.4H,0 (Holst, Ic.). Obtained by de- 
composing the Ba salt (itself produced by passing 


Cl into BaPiCy^Aq) by H^SO^Aq, filtering and 
crystallising. White crystals; very soluble ia 
water and alcohol. 

Per bromo -platinocyanhydric acid 
Il 2 EtGy 4 .Br.^.a:H.O (Holst, l.c.) is obtained by 
adding Br to BaPtCy 4 Aq and crystallising ; it 
forms white crystals very sol. in alcohol and 
ether. 

Several perbromo -platinooyanides and 
some periodoplatinocy anides have been 
isolated ; they are produced by the action of Br 
or I on the platinocyanides ; the salts of the 
alkahs and alkaline earths are very soluble in 
water and may generally be easily crystallised ; 
molt of the salts of the heavy metals are insol. 
or only si. sol. in water, flolst (l.c.) describes 
the following :-[X = PtCy 4 .Br.d AL.3X.22H„0: 
{NH,),X; BaX.5H,0; BeX; CdX.xH,0; 

CoX.5H.O; PbX.2H.,0; Li,.X; MgX.a;TLO; 
NiX.xH,0; K,X; Na,X; SrX.7H,,0; ZnX.6H>. 
j Tho periodo- salts described by Holst are 
I BaPtCy^.U'H^O, and K 2 ptCy 4 .L. 
j Double compounds of platinocyan- 
ides with perhnloid platinooyanides; 

! or chloro-Ac. platinocyanides, or ohloro- 
; Ac. platinidplatinocyanides. These salts 
wee formerly supposed to be double compounds 
of KCl Ac. with the liypothctical PtCy,, of the 
fonii MBtCy., - PtCy,.2MCy. They are pro- 
duced by tho reaction of Cl, Br, IIN(5„ and other 
oxidiscrs, with the platinocyanides M iHCy 4 . The 
change was suj'posed to be somewhat analogous 
to that which occurs when a ferrocyaiiide 
(M,PeCvJ is oxidised to a fcrricyanido {M,FeCyJ; 
thus 2K,FeCy„ + 0 - 2K,FeCy8 + K.O, and 
3K,PtCy4-»-0-2K,i>tCv. + PtCy, + K,0.' In ac- 
cordance with this conception, the compounds 
were called platinicy anides (and sometimes 
platinosesquicyanidcs when their composition 
was indicated by the formula Pt,Cy„.4MCy). 
Hadow [G. J. 13, 106), however, showed that 
the salt of this series obtained by the limited 
action of Cl on KTTCyf contained 01; his 
analyses and methods of synthesis of tho salt 
led him to give it tlie formula (K ,PtCy 4 )„Cl_„ and 
1 to indicate its formation by the reaction 
6K J'tCy 4 + CL - 6(K ,l*tUy |)CL. The synthesis 

of tile same salt by mixing cone, solution of K 
perchloroplatinocyaiudc ( K_.PtCy 4 Cl_,) and K 
platiiioc>aiiide (KFtCyj) shows that the for- 
mula 6(kdTCy,)Ci* is better written so as to 
indicafo that the salt ie a double compound, 
viz. ;)K.PtCy,.lLPtCy,.Cl,, ; this formula is con- 
firmed by the fact that reducing agents {c.q. 
SO A(|, or Zn and NlLAq) decompose the salt 
to a mixture of Ki’tCyi.Cls and ILPtCy,; more- 
over, tho salt in question reacts with excess of 
Cl to form K.jPtCy,.Cl,, and with excess of I or 
Br to foim K.l’tCy,.!, or ILPtCyj.Br.,, respec- 
tively. Holst (/>. 8, 12 1) got results which show 
that although the composition of the chloro- Ac. 
platinocyanides is always to be represented by 
the formula .rIVLPtCy 4 .^M 2 PtCy 4 .X 2 yet the ratio 
of T'.y is not always 5:1. 

• Potassium chloroplatinocyanide^ or 
Potassiumchloroplatinidplatinocyan^ 
ide, 5K,PtCy4.K.PtCy4.CL.21H,0 (Hadow, C. J. 
13, 106 ; Knop, A. 43, 111). Cl is passed into 
warm K 2 PtCy 4 Aq so cone, that crystals are depo- 
sited on cooling ; tho crystals are dried between 
paper and r'cry stall ised from water acidulated 
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with HCl (Enop). Hadow divides a solution of 
KjPtCy^ into 6 parts ; into^ he passes Cl until 
the liquid is saturated (K^PtCypClj is thus 
formed), he then adds the remaining ^ and eva- 
porates. Green prismatic crystals, with red 
metal-like surface colour by reflected light. Sol. 
in water giving colourless solution, insol. in 
alcohol. Gives off part of H^O over 
becoming black ; loses I8H2O at 100° and the 
rest at c. 180° ; when strongly heated gives off 
Cy. 

Holst (B. 8, 124) obtained the salt 
10SrPtCy^.SrPtCy^.I..yIT 0. 

Weselsky (J. i)r. GO, 270) describes some salts 
obtained by the action of HNO,Aq on platino- 
cyanides ; he regards these as pliitinocyanides 
or platinum sesquioyanides (Pt .Cy,..4MC\’) ; but 
it is very probable that they are analogous to 
Iladow’s double compounds of platinocyanidos 
with perchloro- &c. platinocyanides, only that 
the halogen is replaced cither by NO. or NO3 (c/. 
Hadow, C. J. 13, 100 ; also v. Martins, A. 117, 
307, for reaction of PbPtCy.witb HNO, whereby 
ccPbPtCy4.?/PbPtCy4(N02) seems to be produced). 

The compound obtained by Hadow by the 
action of PbOj on K.iTCy^ in H SO^ .solution 
seems also to belong to this class and to have 
the halogen atoms replaced by tlio rafiicle SO,. 

Potassium cyanide KCy. S.G. -^° 1 ~>2 
(BSdeker). [K, ON] --- Go,3o0; [K, N. CJ = 32.500; 
[KCv, Aq]=- 3,010 {Th. 3, 235); [KOHAq, 
HCNAq]- 2,770 {Th. 1, IGO). 

Occurence. — In blast fuincces. 

Formation. — 1. By fusing K in Cy or in 
HCN gas.— 2. By fusing KCO, with nitro- 
genous carbon.— 8. By passing N over a strongly 
heated mixture of C and KOII or KCOj. — 
4. By deflagrating KNO, with K acetole, tar- 
trate, Ac., especially by heating a mixture of 
KNO2, K^CO,, and KGH.Oa (Dcsfosscs, A. CA. 
38,158; Eownes, 112; Holbiuck, A. 

64, 296 ; Bunsen a. Playfair, J. p*. 42, 397 ; 
Heiken, A. 79, 77 ; . Langlois, A. Ch. [3] 52, 
.32fi; Eoussin, C. It. 47, 875).— -5. By passing 
NH, over a heated mixture of C and K^COj or 
KOH (Kuhlmann, A. 38, G2). 

Preparation.— 1. Ordinary commercial KCN 
(containing KCNO) is prepared by fusing 
dry K«FeCy« with K,C03r2K,FeCye + 2K2CO, 
= 10KCN + 2KCNO-r2Fe-(-2CO.J ; the fused 
TP ass is poured off from ffhe iron. — 2. IlCN 
^as is passed into alcoliolic solution of KOH | 
(1 part KOH in 3 parts alcohol) (Wiggcrs, A. , 
29, 65). An aqueous solution of pure KCN is j 
obtained by passing HCN into KOHAq. — 
3. Nearly pure KCN is prepared by fusing 
dry K,FeCya in absence of air, and treating 
with 60 p.c. hot alcohol (Geiger, A. 1, 4G) ; 
[2K,FeCy, = 8KCN + 2¥eG., + 2N.,b 

Properties.— Crystallises from alcohol, or by 
slowly cooling the fused salts, in white cubes, or 
octahedra, v. sol. in water; deliquescent; si. 
sol. in strong alcohol. ^7er^ poisonous. Melts 
easily, and volatilises unchanged (in absence of 
moisture) at full red heat. 

Reactions,— 1. Aqueous solution decomposes 
in air, slowly at ordinary temperature, rapidly at 
100°, giving HCOjK and NH^.— 2. Melted in 
uir fornis KCNO. —3. Heated with metallic 
orides gives KCNO and metal ; thus acts as an 
eiiaigeLie reducer, reduces oxides of Pb, Fe, 


' Sb, Sn, <tc., when heated with them.— 
4 . Heated with potassium chlorate or nitrate^ 
detonates violently. — 6. Eeduces alkaline sul- 
phates to sulphides by heating with them. — 

6. With solution of potassium permanganate, 
KCN forms CO,, HNO,„ HNO.,, H^C^O,, 

and C02NH, (Schlagdenhauffen, J. 1863. 305), 

7. With alkali polysulphides, KCNAq forma 
KCNSAq. — 8. With iodine in cone, solution 
KCN forms KI and Cyl. — 9. With sodium thio- 
sulphate forms NaCNS. — 10. With potash pro- 
duces NH, and HCOjK ; heated to redness with 
KOH, K.^CO, is formed and ^1 evolved. 

Cumbviation. — 1. KCNAq dissolves many we- 
tallic cyanides forming double cyanides, e.g, 
HgCy,,, AuCy, PtCyg, GujOya, &c. (v. various me- 
I talLic cyanides). — 2. When sulphur dioxide is 
! passed into cold cono. KCNAq, two compounds 
I are formed, CNK.SO,.H,0 and CNK.SO3KH.SO;; 

they maybe crystallised (Etard, C. R. 88, G49), 

I Testing KCN for common impnrittes. — The 
chief impurities in ordinary KCN are KCNO, 

I K,CO.,K.,S, KNCS, KHC02,K;FeCy„K,SO„ and 
KCl. KjCO jis detected by treating with alcoliol 
at 80° and examining the insoluble portion by 
I the ordinary test.s. K,S ; Pb salts give a black 
pp., in absence of KjS a white pp. is formed. 
ICONS ; HClAq is added and the HCN is removed 
by warming ; a few drops of FeCl.Afl added, 
when a deep-red colour shows KNOS. KCNO ; 
alcohol at yO" is added and the solution is acid- 
ulated, effervescence shows KCNO. KHCO;; a 
current of CO, is passed through until HCN is 
removed, the liquid is evaporated to dryne.ss, 

! the residue is distilled with H^SO^Aq, and to the 
! distillate aro applied the ordinary tests for 
formic acid. K,FcCyrt; pure FeClsAq gives 
blue pp. or blue colouration. K,SO;; HCN is 
removed by warming with HClAq, and Ba2NOjAq 
is added. KCl : the specimen is heated with 
2 pails KNO, and 10 paits Na,COj, the fused 
mass 13 In aU'il with water, and AgNO, and 
HNO, Aq added to the aqueous solu'lion to pp. 
AgCh 

Ehodium cyaniues. BhCy^, and a rhodi- 
cyanide K.,lihCy,,, are known. 

Rhodium scsquicyamde RlKCy,,. Car- 
mine-red powder, obtained by adding hot cone, 
acetic acid to K,HbCyg (Martins, A. 117, 357). 
Dissolves in KCNAq with re-formation of 
K,EhCy,. 

Potassium rhodicyanide K,IlhCy„. Mo- 
noclinic crystals : easily decomposed by acids ; 
formed by fusing KhC1^.2NH^Cl with KCN (Claus, 

J. 1855. 441). 

Eutheaium cyanides. No simple cyanide lias 
been isolated ; HJluCy,, and some of its salt.s 
are known. </• 

Ruthenq-cyanhydric acid HjliUCy, 
(Claus, J. 185*5. 441). Obtained by adding HClAq 
and ether to the K salt {q. v.) ; lustrous, irides- 
cent tablets ; e. sol. alcohol and water ; heated 
with HClAq, HCN is evolved. 

Potassium rutheno-cyanide 

K, RuCyb.3H,;0 (Clau.s, Lc.). Obtained by heating 
KCN withItuCl,.2NjI<Cl; small, white, quadratic 
tablets, isomorphous with K;FeCy„. The solu- 

I lion of this salt gives coloured pps. with salts of 
I Cu, Fe, Pb, and Zn. 

I Silver cyanide AgCy. Only one cyanide of 
I Ag is known ; it forms variouf double salts. 
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White, curdy pp. obtained by adding’HCNAq or 
KCNAqto solution of a salt of Ag ; excess of KCN 
must be avoided, as AgCy is sol. KCyAq ; the pp. 
ig dried at a temperature under 126^. S.G-. c. 3*95 
(Schroder, B. 13, 1074). H.F. [Ag, Cy] - 1,396 
[Ag, C, N] = -31.466 ; [2HCyAg. Ag-0] = 42,310 
(ppd. AgjO ; formation of solid AgCy) {Th.Sy 382). 
Not blackened by exposure to light. Sol. NHjAq ; 
b 1. sol. boiling HNO.,Aq ; sol. KCNAq. 

Reactions. — 1. Heated, is decomposed to Ag 
and Cy.— 2. Water at 280° forms NH^-Ag-CO., 
(Reynoso, A.' Ch. [3] 46, 111). — 3. Ghlornie 
forms AgCl and CyCU— 4. Sulphur heated with 
AgCy forms AgNCS. — 6. Ammonia dissolves 
AgCN, forming AgCN^NEj. — 6. Potassium cyan- 
ide dissolves AgCy, forming AgCy.KCy. — 7. De- 
composed by sulpha, ric acid or hydrochloric acid, 
with evolution of HCN. — 8. Decomposed by sul- 
vhuretted hyd)oyen, also by sulphur chloride 
(Schneider, J. pr. 104, 83). 

Combinations. — 1. With ammonia to form 
AgCy.NHT ; monocli»ic tablets, which give olT 
NH, ill the air; obtained by heating AgCy in 
Jin, (Wcith, Z. 1809. 380; Liebig a. Redten- 
baoher, A. 38, 129).— 2. With silver nitrate to 
form AgCy.AgNO., (or ? 2AgCy.AgNO<,) (Dloxam, 
C. N 48, 164 ; Wohler, P. 1, 231) ; obtained by 
dissolving AgCy in hot cone. AgNOjAq. 

Double cyanides containing silver 
cyanide. The alkali salts are obtained by dis- 
solving AgCy in solution of the alkali cyanide 
and evaporating ; the salts of the heavy metals 
are generally obtained by adding AgCy.KCyAq 
to solutions of these metals. 

S liver - po ta s s iuni cyanide AgCy.KCy. 
Regular octahedra ; sol. 4 parts water at 20 ', 
and in 26 parts alcohol (86 p.c.). Decomposed 
by acids with separation of AgCy. ll.S ppts. 
Ag,S, except from solutions in much KCNAq 
(Glassforda. Napier, P. ilf. 16, GO; Kamniclsbcrg, 
P. 38, 376 ; Baup, A. Ch. [3] 63, 4G2; Bechamp, 
J. pr. 60, (54^. H.F. [Ag Cy-,2KCyAq] - 12,980 ; 
[Ag2,CyV2KCyAq] = 15,780 {Th. 3, 470). The 
other important silver double cyanides are : — 
AgCy.NaCy; 3AgCy.2KCy.NaCv (Baup, l.c.); 
AgCy.TlCy (Fronnuilier, B. 11,91) ; AgCy.NMe,Cy 
(Thompson, JJ. IG, 2338; Clai.s a. Merck, P. 16, 
2737); 2AgCy.ngCy.,.HgSO,.H,0 (Gcuther, A. 
106, 241). 

Sodium cyanide NaCy. Prepared by pass- I 
ing HCN gas into an alcoholic solution of NaOH 
until NaCy pps. Obtained also by methods simi- 
lar to tlroso whereby KCy is formed [v. Potas- 
sium CYANiuE, p. 31G). NaCy crystallises with 
dilliculty. According to Joannis {A. Ch. [6] 
27, 482) two hydrates arc obtained by crystal- 
lising from alcohol at di^'feront temperatures; 
2NaCy.H,D, and NaCy.2Hp. joannis (l.c.) 
gives some thermal data; — [Na, Cyj = 60,400 
(solid NaCy formed); [NaCy, Aq]- -600; 
[HCyAq, NaOHAq] -2,900. 

Strontium cyanide SrCy.^. Prepared, simi- 
larly to BaCy2, by heating NrFeCy„ ; or prefer- 
ably by passing HCN vapour into crystals of 
SrO^H.j. Unstable salt. Cfystallises from solu- 
tion with 4H.,0; the crystals are v. deliquescent 
and absorb CO,^ from the air (Joannis, A. Ch. 
[•’>j 27, 482 ; Schulz, J. pr. 68, 267). Joannis 
{l.c.) gives the tliermal data [BrOAu, 2HCyAql 
- 6 , 200 . 
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Thallium cyanidee. Two cyanides of T1 ara 
known, TTCy and TiCy.TlCy;,. 

Thallous cyanide TlCy. Obtained by 
adding excess of cone. HCNAq to a cone, solution 
of a thallous salt, and then adding much alcohol 
and ether. Heavy white pp., e. sol. water, crys- 
tallising in lustrous tablets from the hot solu* 
tion. Decomposed by heating (Fronmuller, B» 
6, 1178). 

T hallo-thallic cyanide TlCy.TlCy, 
( = TLCy,). Formed by evaporating in vacuo a 
solution of Tl.p, in IICNAq. Large, white, 
rhombic plates ; e. sol. w’ater ; decomposed at 
125°-130° with rapid evolution of Cy (Fronmuller, 
B. 11, 91). 

Double cyanides containing thallous 
cyanide.— TTCy A(i dissolves the cyanides of 
Ilg, Ag, and Zn; when the solutions are crys- 
tallised the following salts are obtained : — 
2TlCy.ITgCy,rTICy.AgCy; 2TlCy.ZnCy2 (Fron- 
muUer, P. li, 91). No double cyanides of TLCy^ 
arc known. 

Titanium cyanides. No cyanide of Ti is 
known, but the couqiouud TijCN^ exists ; this 
body is almost ccrl.unly a double compound of 
Ti cyanide with IT niliide TiCy.2.3Ti,N2. 

Titanium cyano -nitride TiCyj.STi^Nj. 
This compound is formed in smelting titanifer* 
ous iron-stones in the blast furnace (WShler, A. 
73, 34; 74, 212). It may be obtained by very 
strongly heating K,FeCy„ with TiOj (Wohler, 
l.c.), by heating KCN in vapour of TiCl^, and by 
passing N over a mixture of C and TiO^ heated 
to the M.P. of Pt (Wohler a. Deville, A. 103, 
230). Metal-likc, reddish octahedra, resembling 
metallic Cu. B.G. 6*28. Volatile at very high 
tompeiature. Not acted on by boiling HNO.,Aq 
or Sol. UNO, Aq containing IIF. Heated 

in water-gas is decomposed thus: Ti ,CN^ + lOH.^O 
= CNH + uTiO... + .JnII ; + 6H2. Decomposed when 
heated with Cl, giving T1CI2, and probably a 
comjiourid of TiCh with CyCl. Heated with 
KOliAq forms K litanale aiiil NIT,. CuO, PbO, 
and IlgO are reduced to metals w'hen heated 
with Ti.CN^. 

Uranium cyanide. None has been certainly 
isolated. The oxides of U do not dissolve in 
HCNAq; addition of KCNAq to solution of U 
chloride ppts. an oxide of U (Raramclsberg, P. 

I 69, 2). According to Wittstcin (P. P. 63, 214), 
j when KCNAq is added to a uranic salt solution 
a yellow pp. is obtained, sol. in excess of KCNAq, 
not ppd. again by acids. 

Vanadium cyanide. None has been isolated. 
Berzelius made some observations on the reac- 
tions between vanadic acid and HCN (P.22,26). 

Yttrium cyanide. No cyanide lias been cer- 
tainly isolated. ITydi aled Y.O , is said to dissolve 
in HCNAq, and white nodules to be formed on 
evaporation (Beriin). 

Zinc cyanides. ZnCy^ is known, and also 
several double cyanides. 

Zinc cyanide Zniyo. Obtained by adding 
KCNAq (free from K CO.,) to solution of a Zn 
stilt, or by adding HCNAq to Zn acetate solu- 
tion. Special precautions are needed to insure 
production of pure ZnCy^ (u. Wiihler, P. J. 20, 
162; Oppermann, /. 1860. 226; Joannis, C.B, 
92, 1338, 1417; Rammolsberg, P. 42, 114). 
ZnCy^is obtained in crystals by covering a layer 
of cuuc. Zii(C2H„0.2)2Aq with f Uttle water, and 
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rerjr larefuUy pouring on to this dilute HCNAq; 
the crystals form slowly. Crystallises in ortho- 
rhombio prisms. The pp. by KCN and HCN is 
white with a tinge of yellow. Decomposed by 
strongly heating, giving olf Cy (Kaminelsberg). 
Insol. water and alcohol ; e. sol. alkalis and 
KCNAq ; si. sol. in cone, solutions of Zn salts 
(Joannis). With hot KOPIAq it forms K.O.ZnO 
and ZnCy,.2KCy. H.F. [Zn,Cy-J - 58,600: 
[ZnO,2HCyAq] = 13,400 (Joannis). 

Double cyanides containing ZnCy,.— 
These compounds are obtained by dissolving 
ZnCy, in a solution of the other cyanide and 
crystallising;— 

ZnGy,.2NH^Cy (Corriol a. Berthemot, J. Ph. 
16, 444). 

ZnCy,.BaCy.^.2H,0 (Wosolsky, B. 2, 588). 

ZnCy^.CaCyo.xHjO (Schindler, 

86, 70). 

ZnCy2.2KCy (Gmelin ; Fresenins a. Haidlcn, 
A. 43, 132). [Zn,CyS2KCyAq]- 62,230 (27i. 3, 
476). 

ZnCy2.2NaCy.5F,0 (Rammelsberg.F. 42, 112). 
ZnCyj.HgCy,.HgCl,.OH..O (Varet, G. B. 106, 
1080). 

ZnCy2.HgCy2.HgCl,.6NTT, (Varet, Ic). 

SELENOCYANIDFiS. Saifs of 'irjenneyan- 
hydric odd llSeCy. Also called si'Uo'ot. luiiiiitcs. 
Discovered by Berzelius in 1820 (S. 31, 00); 
more fully examined by Crookes (0. J, 4, 12). 

Selenocyanhydric acid ILSoCyAq. {Sclcno-, 
or selenio-cyanic acid, Ili/dto^icn sclcnio- or 
seleno-cyanatc. Hydroseleiiocyamc a< id.) Known 
only in solution; prepaied by passing a iiipid 
stre^ of H.^S through hot Pb(ScCy),Aq con- 
taining Pb(SeCy)2 suspension, hllenng from 
PbS, heating the filtrate nearly to boiling, and 
filtering again (if neccssar}) fiom ppd. He. Tins 
solution, which is markedly acid, is dccoinposod 
on boiling; it cannot be concentrated without 
change even over H .HO, in vacuo. It is decom- 
posed by acids into IlCy and He. The solution 
dissolves Zn and Fe with evolution of H 
(Crookes, C. J. 4, 12). 

Ammonium selenocyanide NH,.ScCy. By 
neutralising HScCyAq by NH,Aq and evaporat- 
ing. Soluble, deliquescent, crystallises in minute 
needles (Crookes, l.c.). 

Sarinm, Calcium, and Strontium seleno- 
cyanides M(SeCy), -- Ba, Ca, or Hr]. By dis-» 
solving MCOj in HHcCyAq ahd concentrating in 
vacuo (Crookes). 

Copper selenocyanide. Brown pp. by adding 
KSeCyAq to CuSO^Aq ; very soon decomposes 
to IIHeCyAq and CuSe (C.). 

Gold selenocyanide. Kot isolated. When an 
alcoholic solution of KHeCy is added to AuCI.Aq, 

Se is ppd., and the filtrate on evaporation yields 
small dark-red prisms of tb.* double salt 
AnK(SeCy)2 (Clarke, B. 11, 1326). 

Iron selenocyanide. Not isolated. Crookes 
(l.c.) mentions various reactions wliich do not 
yield a definite salt. 

Lead selenocyanide Pb(ScCy)2. By adding 
KSeCyAq to Pb acetate solution, dissolving the 
pp. in boiling water, filtering (if necessary), and 
crystallising. Lemon-coloured needles ; insol. 
alcohol ; not changed at 100‘^ (C.). 

Magnesium selenocyanide. By dissolving 
MgCO, in HSeCyAq and evaporating ; a gummy 
DOn-crystallisable mass; composition und Cided. 


; Ilsrcary selenocyanide. Two salts have been 
I isolated, Hg(SeCy)., and HgSeCy (Cameron a. 
Davy, 2V. Irish Acad. 27, 148). 

Mercuric selenocyanide Hg(SeCy)2; » 
greyish white salt obtained by adding KSeCyAq 
to Hg(C2H,02).,Aq. Soluble in HgCl.^Aq, forming 
Hg(SeCy)3.HgCl2. Not obtained by using HgCL 
in place of Hg(C2Hj02) (Crookes). 

^ Mercurous' selenocyanide HgSeCy; 
olive green, amorphous ; by ppg. HgNOsAq Ly 
KSeCyAq. 

Platinum selenocyanide. Not isolated. Ad- 
dition of PtCl^Aq to an alcoholic solution of 
KSeCy forms a reddish pp. ; when this is treated 
with boiling water part of jt dissolves, and the 
filtiate gives crystals on cooling; these crystals 
are dissolved in alcohol and re-crystallised ; 
they are the double salt K2Pt(SeCy)„ ; S.G. 3-377 
at 10-2^', 3-378 at 12-5" (Clarke, Am. S. 16, 119). 
j Potassium selenocyanide KSeCy. Prepared 
: by dissolving red So (ppd. in the cold) ii?KCyAq 
, and evapoiHting (Schicdleru^, A. 109, 125). Also 
. by fusing 1 jiart So with 3 parts dry K^FeCja in 
I a sinall retort, digesting with absolute alcohol, 
j passing C()_, tlirough the liquid to decompose 
' KCyand KNCO and ppt. KHCO„ distilling olT 
the alcohol, dissolving in water, filtering, and 
cr\stalh‘^iMg nj vacuo over H,SO^ (C.). White, 
iicodle-shuped deliquescent crystals ; melt with- 
out cliango, if out of contact with air (Berzelius) ; 
in air decomposes a little above 100" (C.). 
KHeCy ,^Aq is alkaline to litmus ; decomposed by 
acids with evolution of HCy and ppn. of Se. (il 
produces CyCl and Se (cf. Kypke a. Neger, A. 
115, 207). Several double compounds aio de- 
scribed by Cameron a. Davy (Tr. Irish Acad. 
27, 151); X.HgCy,, X.ITgBr.,, X.Hgl2, X.lIgCl., 
X.HgiSCy).^. 

Silver selenocyanide AgSeCy. Ppd. on 
adding AgNO.Aq to KSeCyAq; if NH.Aq is 
, present pp. .separates in small shining cry ^tnls. 

' Blackens in light; insol. in water; spiiimgly 
sol. in cold dilute acids ; decomposed by hot 
cone, acids (C.). 

, Sodium selenocyanide NaSeCy. Small crys- 

tals ; by neutralising HSeCyAq by Na,CO.„ and 
' evaporating in vacuo (C.). 

I Zinc selenocyanide. Non-deliqucscent crys- 
1 tals [?Zn(SeOy.,)J ; by dissolving Zn or ZnO in 
1 HSeCyAq .iiid evaporating (C.). 

I SBLPHOCYANIDES. (lihodanidcs. Suh 
I phocyatuites. Thiocyanates) Salts of sulpha. 

, ci/anic acid IISGN. For an account of sulpho- 
cyanic acid v. Cyanic (sdlpho) acid, p. 303; 
and for general properties of sulphocyanides v. 
p. 32-{. Dmilphnryanides (salts of H,C^N,S ) 
are described in the art. CYANuitVTiis (wKTAr.uc) 
and Sulpiiocyanuhatk.s, p. 360. 

Aluiuiniuir sulphocyanide Al^Oj.aiH.O dis- 
solves slowly in HSCyAq ; when the solution ia 
evaporated over ILSO^ a gummy mass is oh- 
tained, which may he the neutral salt ; if the 
solution is evaporated at 100" H2S and HCy are 
; evolved and yellow fiakos (? basic salt) separate 
j (Meitzendorff, P. 56, 63). 

Ammonium sulpkocyanide NH.SCy. H.F. 

I [N, H‘, S, Cy] = 59,100 (Joannis, A. Ch. [5] 26,’ 

I 510). I'roduced by decomposing Cu(SCy)2 liy 
NH,HSAq, filtering, and evaporating; also by 
evaporation of NH.Aij mixed with alcohol. c 
solution of CS2 (Millon, Z. 1861. 64; Zeise, A, 
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47 86; Claus, A. 179, 112). Prepai-ed by digest- 
ing the HCNAq from 6 parts K.FeCy, (by dis- 
tilling with 3 parts cone. H.^SO, mixed with 
li parts water) with the NH^ polysulidiide solu- 
tion obtained by saturating 2 parts MH.Aq^ 
S.G. ’Oo. with H.^S, and adding 2 parts of the 
same NH^Aq and 2 parts S. ; the liquid is boiled 
till all NH, sulphide is docoinpused with separa- 
tion of S, filtered, evaporated, and crystallised 
(about li to In parts NH.SCy are obtained) 
(Liebig, A. 61, 120). Large, white, dcli<iuescent 
dates. S.G. L3U75 at i:5" (Claike, J. 1H77. 43). 
V. sol. water and alcohol ; melts at 159 ' (lley- 
uoso, A. 150, 255) ; and at higher temperature 
(180'^-190'^) evolve;^ Cl\„ ILS, and Nil,, and 
leaves guaiiidin sulphocyanide (Volhard, B. 7, 
92 ; Dehtsch, J. pr. [21 8, 240 ; 9, 1) ; at 230'^- 
250^ thioprussiamio acids aro formed (Claus a. 
Seippel, B. 7, 92) ; at still higher temperature ! 
mollam is formed, and finally mellone (Volhard, 
J.W' -Ifcatod for some time nearly 

to its M.P., thio-urga, C8(NH2)2 (isomeric with 
NH.SCy), is producoil (Volliard, B. 7, 92; lloy- 
noso, A. 150, 255), 8. 122’1 at O ', 102'2 at 20 ; 

much heat disappears duiing solution (lludorff, 
B, 2, 68; Clowes, Z. 1866. 190; Joannis, .1. C/t. 
[5] 26, 482). Several metallic oxides, e.(j. llgO, 
ZnO, Ag,0, dissolve in NII,.8CyAq and form 
double sulphocyanides (Fleischer, A. 179, 225). 
Combines with IlgCyj to form the ihuble com- 
yound NH^8Cy.HgCy2 (Cliive, Bl. [2] 23, 71). 

Arsenic sulphocyanide As(SCy) Produced in 
very small quantity by heating together AsCl., 
and Pb(8Cy).,; volatile at c. 400'^ foimmg oily 
drops which solidify to crystals; insol. m all 
ordinary menstrua; decomposed by water to 
As/),Aq and HSCy (Miguel, A. Ch. [5] 11, 311). 

Barium sulphocyanide La(8Cy) 21 ip. 
Formed by neutralising H8CyA(] by PaCO„ 
evaporating at 100'^, and tlicii oviu* ILSO, (Meitij- 
endorlT, B. 56, 63). Long, lustious, cb'liqncsceut 


Cerium sulphocyanide Ce(8Cy)s.7H20; douhU 
compound Ce(SCy),.3HgCy,.12H20 [3] 

21, 635). 

Chromium sulphocyanides. Besides cTirc^/iic 
sulphocyanide, the acid cht omii>ulphocyanhydric, 
H3Cr(SCy)„ is known in aqueous solution, and a 
series of salts, chromisulphuci/anidos, is derived 
from it; there are also several c/irawi-ajnmoam'/rt 
sulphocyanides known. 

Chromic sulphocyanide Cr(SCy),. 
Dark-green, amorphous, deliquescent mass, ob- 
tained by dissolving Cr^O,.a'ILO in 118CyAq,and 
evapoiating over 11, 80^ in tacuu (Clasen, J. pr. 
96, 349). 

Chromisulphocyanli ydric acid, or 
chroimsulphocyanic acid, n,('i(SCy),Aq; known 
only in aqueous solution, which is obtained by 
decomposing the Pb or Ag salt by H.^,8. The 
solution is dark wine-red and distinelly acid ; it 
decomposes^n evaporation to II8CyAq and 
Cr(8Cy), (Uusler, J. Ill, 185). 

I'otassLum cki omisnlphocyanide 
K,Cr(8Cy)j.4Hp. Prepaied by heating for 
about 2 hours a faiily cone, solution of 6 parts 
K8Cy and 5 parts chrome -alum, ppg. by alcohol, 
filtering, and crystallising from alcohol. Forms 
almost black crystals, winch appear ruby red 
by transmitted light ; loses all HD at 110°. 
Solution of this salt is nut ppd. by alkali car- 
bonates or by NHilIS ; it is ppd. by NaOJTAq 
only on heating; evaporated with HClAq, KCl 
and CrCl, are produced (Hosier, A. 141, 185). 
Besides the K salt the following are described 
by Hosier (l.c .) ; — 

(NH,).,Cr(SCy.,).8H,0 ; Ba<2Cr(SCy)3.16H,p ; 
Pb.2Ci(8Cy),.H'l^(^H),,.8n,0 ; Ag,Cr(SCy)3 ; 
NajCr(SCy)3.71LO. 

Chrom- ammonium sulphocyanides. 
The composition of these salts may be expressed 
by the formula 2Cr(8Cy) ,.4NH,.M'»(SCy)2 where 
Mr-.‘2NH„ K., Ag, Cu,., or Hg; these salts do not 


needles; v^sol. alcohol and water. I'’rom warm ' si'em to bo double 

lolution of this salt mixed with warm llgCyAq ; of the complex acid IL(8Cy)H(N4H|oLr.J. ilie 


the double annpo/(nrZBa(SCy) .llgCy„4il/> sepa 
rates on cooling (G16ve, Bl. [2J 23, 71; cf. Storck 
a. Sliobcl, D. B. J. 235, 156). 

Beryllium sulphocyanide [? Bo(8Cy)J. Pre- 
pared by adding Bo8(), to Ba(80y),A(i (Toc- 
zynsky, iJ. 1871. 276) ; or by dissolving BeCOjin 
LSCyAq and crystallising (Hermes, J. pr. 97. 
465). 

Bismuth sulphocyanide Bi(8Cy),v By dis- 
solving BiX)3.iclLO in H8Cy.\((, ova])oiating, 
filtering from the yellow basic salt which sepa- 
rates, and cvaponiting again ; daik oiange red 
powder (Meitzcndoilf, B. 56, 63). 

Cadmium sulphocyanide Cd(SCy)2. White 
crystals ; sp. sol. water ;*by dissolving CdCOj in 
H8CyAq and evaporating (Mvitzendorlf, B . 
66, 63). By dissolving this salt in NHl.Aq, 
and evaporating with frequent addition of 
NH^Aq, the double compound Cd(SCy)^.2NHj 
is formed (M.). The double compound 
Cd(SCy)2.2HgCyi5.4H,p is described by Cliive [Bl, 
[2] 23, 71). 

Calcium Bulphooyaiiid»Ca(SOy)3.3n^O. Pre- 
pared like the Ba salt. Crystallises badly; sol. 
water (Meitzendorff, P. 56, 63). From hot solu- 
tions of this salt and HgCy.. i\\Q double compound 
Ca(8Cy),.2HgCv„.8[1.0 crystallises on cooling 
(Cl6ve, Bl. [2] U, 71 ; Bockmann, A, 22, X53). 


acid itself is known in aqueous solution ; it is 
obtained by decomposing the Hg salt by H..,S ; 
the solution is deep-red, by careful evaporation 
a red amorphous mass is obtained (Reinecke, A. 
126, 113). 

The ammonium salt 
(NH338Cy)„(N,H,oCr.7 is obtained by adding 
powdered KDroO^^o molten NH,SCy until the 
mass becomes solid, treating with hot water, 
and adding pieces of NH^Cl to the deep-red 
liquid, when the salt separates in reddish crys- 
tals. V. sol. alcohol and ether; by prolonged 
treatment with water it foims NH^SCy, Cr(SCy)3, 
and CrA ; easily d-^coiuposed by dilute acids or 
alkalis‘(Homeckc, M. 126, 113; cf. Morland, 5^. 

The “potassium salt K_,(8Cy)„(N,H,QCrj) 
is obtained by reacting on the NII4 salt by cone. 
KOHAq, and rc-crystal Using the compound 
which separates fron»hot water. _ 

The sodium salt is obtained by a similar 
►process, using NaOHAq. The soluble salts give 
pps. with salts of many heavy metals ; the fol- 
lowing have been isolated: 


Cu,. 
AgalSCyl 


Hg(SCy)«(N4H,„Cr,), 


H4H,„Cr.J, 

CohalT Bulphocyanide Co(SCy)2 (Claus, A. 
99, 48). Obtained dissolving Co0.a;H,0 ip 
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liSCyAq, and evaporating. According to Meitz- 
endorff (P. 66, 63) the salt crybtallises with 
iHjO. Solution in water is rose-red, becoming 
deep blue by concentration. Alcoholic or ethe- 
real solution becomes blue on dilution ; this re- 
action has been applied for the optic.al determi- 
nation of Co (WoLff, Fr. 1879. 38). The double 
compound Co(SCy)o.Hg(SCy), is known (C16ve, 
J,pr. 91, 227 ; Skey, J, 1874' 300). 

Copper sulphocyanidos. Cuprous sulplio- 
cyanide CUoiSCy)^ (Meitzendorff, P. 56, 63). 
Formed by adding KSCyAq to CuSO^Aq reduced 
by FoSO^ or SO^. White powder, insol. water 
and dilute acids ; sol. NH^Aq. ]\Iay be used in 
quantitative estimation of Cu (Kivot, C. B. 38, 
868; Busse, I<V. 1878. 55). Cupric sulpho- 
cyanide Cu(SCy).^ (MeitzendoitT, Z.c. ; Hull, .4. 
76,93). Black crystallino powder; by adding 
KSCyAq to fairly air-free cone. CuSO,Aq con- 
taining a little H^SO^; dccompbbcd by water, 
quickly when hot, to Cu.^(SCy)o, HSCy, IJCy, and 
H^S04. Dissolves in NHgAq, and gives the double 
salt Cu{SCy) ,,2NH, (Meitzendorff, Z.c.). 

Didymium sulphocyanide I)i(yCy)j.6II,0 
(Cl^ve, ni [2J 21, 248). 

Erbium sulphocyanide p]r(SCy)3.6HD (ClcWo 
a. Hoeglund, Bl. [2] 18, 197). Double compoiind 
Er(SCy)3.3HgCy,. 1211,0 (C16ve, Bl. [2J 21, 341). 

Gold sulpUocyanides ; known only in combi- 
nation. 

Auroiis ’ potassium sulphocyanide 
AuSCy.KSCy. AuCljAq is added drop by drop 
to KSCyAq at 80° as long as the pp. dissolves, 
tlie liquid is evaporated and cr} sta' lisod. Straw- 
yellow prisms ; melts at 100° ; decomposed by 
heat to S, CS.,, An, and KSCy. Solution blackens 
in light ; it gives pps. with salts of many heavy 
metals (Cl^ve, J.pr. 91, 14). Addition of NHjAq 
pps. tho double compound AuSCy.llH,. 

Auric -potassium sulplioryanide 
Au(SCy)j.KSCy. AuOI,Aq is added to e.xcess of 
KSCyAq in the cold {C14ve, J.pr. 94, 14). Crys- 
tallises from warm vater in orange-red needles; 
sol. alcohol and ether. Forms double compoiinds 
(Skey, J. 1874. 300). 

Auric -sodium sulphocyanide 
Au(SCy)g.NaSCy (Kem, J. 1876. 319). 

Iron sulphocyanide. Ferric sulnhoryaji- 
ide Fc(SCy)3.1;)H,0 ; by KSCyAq to FcUl.Aq 
and evaporating. Small blackish red crystals ; 

V. sol. water, alcoliol, and ether. Solution is 
decolourised by NallCO^ with ppn. of all P'e ; not 
decolourised by IIClAq (Cleve, J.pr. 91, 227 ; cf. 
Skey, J. 1874. 300). Ferrous sulphocyan- 
ide Fe(SCy).,.l|H,0. Greenish prisms, by 
adding KSCyAq to FeSO,Aq ; v. sol. water, alco- 
hol, and ether; unstable (Claus, A. 99, 48). 
Forms a double compound Fe(SCy),.IIg(SCy), 
(Cl^>ve, J. pr. 91. 227). 

Lanthanum sulphocyanide LafSCy)3,7H20. 
Double compound La(SCy)3.3HgCy,,.12Hp 
(C16ve, Bl. [2] 21, 196). 

Load sulphocyanida Pb(SCy).,. Yellow lus- 
trous monoclinio crystals ; by ppg. noutral 
Pb(CjH303)Aq by KSCyAq. S.G. 3-82 (SchabuB, 

W, A. B. 1850. 108). Decomposed by hot water 
to the basic salt PbOH.SCy, which is also ob- 
tained by adding basic Pb acetate to KSCyAq 
(Liebig, P. 25, 646). H.F. [Pb, S, Cy] =23,000 
(Joannis, A. Ch. [6] 26, 640). The double 

Eb(SC^),(.PbBr3, Pb(SCy)^8PbBr„ ^nd 


3Pb(SCy)^Pbl2. are described by Thorp (Am. 10, 
229). 

' Lithium sulphocyanide LiSCy (Hermes, 
jr. pr. 97, 465). 

Magnesium sulphocyanide Mg(SCy),.4H2(X 
White deliquescent crystals; by dissolving 
MgCOj in HSCyAq and evaporating (Meitzen- 
dorff, P. 56, 63). Forms tho double compound 
Mg(SCy)2.2ngCy2.4H20 by mixing warm solutions 
of the two suits and allowing to cool (Clove, Bl. 
[2J23, 71). 

Manganese sulphocyanide Mn(SCy)2.3H,0 
(Moitzendoiff, P. 66, 63). . By dissolving MnCO, 
in HSCyAq and evaporating. Loses 3H.,0 at 
1C0°-170°. 

Mercury sulphocyanides. Mercurous sul- 
phocyanide HgSCy (Wohler, 0. A. 69, 271). 
H. F. [Ilg, S, Cyj = 18,000 (Joannis, A. Ch. [5] 
26, 540). White pp. by adding dilute KSCyAq 
to a large excess of very dilute HgNOgAq with a 
little HNO, added ; if the solutions ajfS not di- 
lute the pp. is grey and con/,ains Hg (Claus, J.pr, 
15, 401 ; Ilernies, J. pr. 97, 465). Sol. in hot 
HClAq, also in KSCyAq, with separation of Hg 
(Philipp, l\ 131, BO). Mercuric sulphocy- 
anide Hg(SCy)„. White pp. by mixing HgCl^Aq 
orHg{NO,),Aq and KSCyAq; sol. excess of either 
salt; V. si. bol. w.aler, m. sol. alcohol; soluble 
Avith decomposition in solutions of chlorides. 
Wlicn ITg(SCy)2 is heated it swells up, giving off 
Hg vapour, N, and CS., and leaving a grey mass 
like giaphite, and at a liigher temperature form- 
ing mellon. This salt is sold under the name of 
‘ Pharaoh's serpents.' (Hermes, J.pr. 97, 465 ; 
Philipp, P. 131, 86.) Hg(SCy)2 dissolves in some 
other sulphocyanides forming double sulpho- 
cyanides ; the following have been isolated 
Hg(SCy)...2NH,,SCy (Fleischer, A. 179, 225); 
Hg(SCy)2.2KSCy (Hermes, J. pr. 97, 466); 
ng(SCy) ,.Zn(SCy)2 (Cl^ve, J. pr. 91, 227). Be- 
sides these double sulphocyanides Hg(SCy)2 
forms several double compounds with other salts ; 
ITg(SCv).,.3NfI,.H.,0 (Fleischer, A. 179, 225) ; 
JIg.KSGy.NH,.HgO (Claus, J.pr. 15, 401 ; Philipp, 
P. 131, 86; Fleischer, l.c.)\ Hg(SCy)2.3HgO 
(Fleischer, l.c.) ; Hg.SCy.CjTIjO., (Byk, J.pr. [2] 
20, 328); ng(SCy)2.KCy.2H.,0'(B6ckmann, A, 
22, 153 ; Claus, l.c. ; Philipp' l.c.). 

Molybdenum sulphocyanide. Pp. formed by 
adding cone. KvSCyAq to a Mo salt is probably 
Mo(SCy), (?). Sol. in water or ether with in- 
tense dark carmine red colour (Braun, Fr. 1863. 
36 ; 1867. 86). Said to form a double compound 
with Hg(SCy)2 (Skey, C. N. 30, 26). 

Nickel sulphocyanide Ni(SCy)2.3H20 ; yellow 
crystalline powder ; obtained by evaporating so- 
lution of NiO in HSCyAq (Meitzendorff, P. 56, 
63). Dissolves in NHjAq, and solution evapo- 
rated on water- bath gives blue efflorescent crys- 
tals of the double compound Ni(SCy)2.4NHg ; 
decomposed by water to NHjAq and NiO (Meitz- 
endorff, l.c.). Also forms a double compound 
with Hg(SCy)2, viz. Ni(SCy)2.Hg(SCy)2.2H20 
(Cl^ve, J. pr. 91, 227). 

Palladium sulphocyanidea. None certainly 
isolated ; if a simple sulphocyanide of Fd exists 
it is very soluble in water (v. Porrett, T. 1814. 
627). By dissolving PdCl2.2KCl and KSCy in 
water and crystallising, a double sulphocyanide 
of Pd and K is obtained ; other double palladium 
sulphocyanides are also said to be formed by re* 
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actions similar to those wlicrcby salphooyano- 
platinum compounds are produced ; the comp^ 
Bition of these salts is not yet finally decided, the 
data are meagre (v. Croft, G. p 

PhosphoruB sulphocyanide P{SCy)3 v. PhoS; 


^^^pTatinum sulphocyanidea. The reddish-brown 
BoUd obtained in the reaction between some of 
the double Pt sulphocyamdes, e.g. KjPtlbOyla 
and Cl or HNOoAq, is probably 
cuanide,'Bt{SCy)., (Buclcton, G. Platvnic 

sulplmyanide has not been isolated. Many 
double compounds of Pt(SCy)3 and Pt(SCy , are 
known, but they are better regarded as salts ot 
the acids H,Pt(SCy^ and II,Pt(SGy),. botn of 
which are known in aqueous solution ; the salts 
in question are generally called swZp/ioc^<x«o-pZn- 
timtes and sulphocyano-plathmtes, or sometimes 
platinoso- and platino- sulplwcyamdes. rhe K 
salts are formed by reaction between KSCy and 
rtClAif or PtCl^Aq; the salts of the heavy 
metals are formed ^rom the K salts by double 
decomposition. Both series of salts are decom- 
posed by Cl or HNO,Aq with formation of HGy, 
H.SOdHCl), K,^SO^(KNO,), and separation of a 
brownish-red solid which is probably Pt(SCy).i. 

N lIjAq reacts with salts of both series to form 
platosammonium si ilphocyanide (N.^H^Ptl-'iSCy 
(7. p.). The sulphocyaiio-platimim compounds 
have been chiefly investigated by Buckton (C. J, 

7, 2‘d). . .. 

Sulphocyanoplatinous acid 
II^Pt(BCy)4Aq. [Platinoso-sulplioct/anic acid. 
piatinoso-sulpJwcyanhydric acid.) Known only 

in aqueous solution, which is olitfoned by care- 
fully adding dilute H.^SO.Aq to tlie Ba salt; the 
Bolution soon decomposes even by evaporation 
invacuot giving HSCyAq and a pp. containing 

Pt- 

Amwonio-platinous sulphocy ano^ 
platinite or platinoso-sulphocyanide 
(NjH|..Pt).Bt{SCy)4. [Diammonio-platosammo- 
mum sulphoci/aiio-platinitc, 
(N,.n4[NH,].,Pt).Pt(SCy)4.) Obtained by adding 
KSCyAq to diplatosainmoniuin chloride, 
N,H.[NH4l,Pt2.Cl2 ; biii'f pp. ; ii)«ol. in water and 
alcohol, sol. in dilute HClAq; when heated it is 
decomposed, burning like tinder, and leaves Pt. 
This salt seems to be polymeric with platosammo- 
nium sulphocyanide t {N2H.gPt).‘2SCy (7. 1^.). 

Potassium sulphocyaiioplat initc ^ox 
platinoso-sulphocyanide ICPt(!SCy)4. 1^- 

paredby dissolving equal parts of PtClj and KSCy 
in as small a quantity as possible of hot water, 
and crystallising from alcohol the salt whicli 
separates. Also by adding PtCh. 2 KClm small 
successive quantities to cone. KSCyAq, crystal- 
lising from alcohol, presSing between paper, and 
re-orystallising from water. E«d microscopic 
crystals ; six-siued prisms ; S. 40 at 15 - 5 ^^ ; v. 
sol. in alcohol. Non- deliquescent ; not changed 
at 100 '^ if decomposed by NH,Aq to 

(N2H„Pt).2SOy and KSCyAq. 

Silver sulphocyano-platinite or pla- 
tinoso-sulphocyanide Ag2Pt(SCy)4. White 
curdy pp. by adding AgNdgAq to solution of the 
K salt. Partly soluble in NHsAq with decompo- 
jiition ; sol. in KSCyAq. 

Sulpho-cyanoplatinic acid oxplatino- 
suLphocyanic acid ^Platino-sulphocyanhy- 
dm acid) HjPt(SCy),Aq. Known only in aque- 


ous solution, which is obtained by decomposing 
the Pb salt by H.^S ; decomposes when evapo- 
rated, even in vacuo ; dark-red liquid with acidic 
taste ; decomposes carbonates and dissolves Zn 
evolving H. 

Ammonium sulphocyanoplatinate or 
platino -sulphocyanide (NHj).Pt(SOy)g. 
Carmine -red six-sided tables ; formed by boiling 
1 part (NH^j^SO^ with parts K^PtlSCy)^ in 
cone, solution, separating (Nn,)._.S04 and ICSO^ 
by adding alcohol, and ro-crystallising the salt 
from waim water. Aqueous solution is decom- 
posed by boiling, giving off HSCy. 

Barium sulphocyanoplatinate or 
platino-sulphocyanide BaPt(SCy)6. Bed 
needles; sol. in water and alcohol ; by reaction 
between excess of BaCl^Aq and K2Pt(8Cy)g, eva- 
porating and dissolving in alcohol. 

Cupric^ sulphocyanoplatinate or 
platino-sulphocyanide; green pp. by add- 
ing K.2Pt(SCy)„Aq to CuSO^Aq, probably 
CuPt(SCy)8; becomes black when liquid is 
boiled ; sol. in NHjAq, reppd. by HClAq. 

Iron sulphocy anoplatinates or pla- 
tino-sulphocyanidcs. The ferrous salt 
FePt(SCy)a is a black crystalline pp., insol. in 
water and alcohol, obtained by adding slightly 
acidulated FeSO^Aq to cone. K2Pt(SCy)8Aq. The 
ferric salt is prepared by using FeCl,Aq in place 
of FeSO^Aq and boiling ; probably Fe32Pt(SCy)8. 

Lead sulphocy anoplatinate or pla- 
tino-sulphocyanide PbPt(SCy)g; golden- 
yellow hexagonal plates, obtained by mixing 
cone. rb(C.2H,02),,Aq and cone. K,^Pt(SCy)g, wash- 
ing with cold water, and crystallising from al- 
cohol ; decomposed by hot water. The basic 
salt PbPt(SCy)fi.PbO is formed as a red pp. by 
ppg. basic Pb acetate solution with cone. 
K2Pt(SCy),Aq. , ^ 

Mercurous sulphocyanoplatinate or 
platino-sulphocyanide Hg.PtlbCy)^; yellow 
pp. by adding IlgNO^Aq ^ K.Pt(SCy)6Aq. 

Potassium sulphocyanoplatinate or 
platino-sulphocyanide K2Pt(SCy)9. Pre- 
pared by adding 2 pts. KPtClg to a warm solu- 
tion of 2 } pts. KSCy, heating nearly to boiling, 
filtering, Md allowing to crystallise ; the crystals 
arc dissolved in boiling alcohol (to separate 
KCl), and the liquid is passed through a filter 
v.’Kieh IS kept waifti. Also produced by adding 
PtCl^Aq to cone. KSCyAq at 70 °- 80 °, and allow- 
ing to cool. Deep carmine-red, six-sided prisms ; 
permanent in air at ordinary temperatures; 
S. c. at 60 °, S. much greater at 100 °. Crys- 
tallises with 2H2O according to Graelin (c/. Wyiu- 
bow, BL [ 2 ] 33 , 402 ). Heated to redness gives 
KSCy Pt, and gasonus products. Decomposed by 
hot or HClAq. With HNOgAq or Cl pro- 

bably gives Pt(SCy)2. Keacts 
(Nn.)2CO,Aq to form KjbO^, KbCy, NH^Cy, 
Nil SCy, and ppt. yellow needles of platosam- 
monium sulphocyaniAe (N2HgPt).2SCy (g. v.). 

Silver sulphocyanoplatinate ^ 
^platino- sulphocyanide 

Orange-yellow pp. by mixing AgNO,Aq with 


' K2Pt(SCyj,Aq. Forms a double salt 
! Ag2rt(SCy)«.2KSCy. w # 

I Sodium sulphocyanoplatinate or 
I platino-sulphocyanide NooPHSCyK. 

' Garnet-coloured tablets ; obtained by decompos*. 
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iog the Pb salt by Na^SO^Aq; sol. water and 
alcohol. 

Flatosammonium sulphocyanlde 
(N2HgPt).2SCy. This salt is obtained by de- 
composing potassium platino-siilpliooyanide 
K.^Pt{SCy)B h. supra) by NH^Aq or (NlI,)^CO,Aq» 
collecting the crystals which separate, washitig 
them with cold water, and recrystallising from 
alcohol. It is also produced when NII,Aq re- 
acts with potassium i)]:itinoso-sulpbocvanido 
K_,Pt(SCy)„ or by mixing I pt. KSCy with 1 0 pts. 
platosammonium chloride N_,ll,PtCl_. in aqueous 
solution, heating nearly to boiling, adding an 
equal volume of alcohol, filtering hot, and allow- 
, ing to cool. Straw-yellow needles ; melts at 
100°-il0^ ; decomposes at e. 180'^, giving olT 
NH3 and HCy, and also SO^ if in air, and leaving 
Pt. Sparingly sol. cold water, more sol. aleoliol. 
Not acted on by dilute HClAq or IIyS(),Aq. 
Aqueous solution is decomposed onVoi ling, evolv- 
ing NHg (Buckton, C. cf. 7, 22). The salt de- 
scribed as avwuyuio-platinous plati7W'>o-siilplio- 
cyanide (N2H,[NHJ^Pt).Pt{SCy), (v. p. .‘151) is 
probably polymeric with piatosainnionium 
sulphocyanide. 

Potaasium sulphocyanido -KSCy. H.F. 
[K,S,Cy] = 87,800 (Joann is, /I. Ch. [5| 26, IS‘2). 

Fortnation. —l. By fusing 1 pt. dry 
with 3 pts. KjSA (Frohde, P. 119, 317).— [ 
2. By heating Nn,SCy with KOHAq. or 
(NH,),CS, witli K.SAq (G61is).-3. By adding a 
mixture of S, C, and (NHJySO^ to a molten mix- 
ture of KOH and S (Fleck, D. P. J. 169, 209) 
[(NH J -H 0 + S = NH^.SCy + SO^ + 2II .0 ; and 

2NH,SCy + K^S = 2KSCy -f (NHJ.SJ. -4. An 
aqueous solution of KCy (65 pts.) is digested 
with S (32 pts.) until S is all dissolved (Wiggors, 

A, 29, 319). 

Preparation.-- k mixture of 32 pts. S with 
17 pts. K^COs is heated until it melts, 46 pts. dry 
KjFeCyB are added, and heating is continued 
until the mass fuses quietly and a little taken 
out does not give th§ reactions of ferrocyanulo ; 
temperature is then raised for a little to change 
any KjSjOj into KjSO^ ; the cold mass is ex- 
tracted with water, and the liquid is neutralised 
by H2S04Aq; the liquor is evaporated to dry- 
ness, the residue is boiled with alcohol, the 
alcoholic solution is filtered and crystallised 
(Henneberg, A. 73, 230 ; cf. Liebig, A. 50, 315 ; ; 
61,* 288; Babcock, Z. 18(Mi. 666; Frohde, P. 
119 , 817). 

Properties. — Long, white, striated prisms, 
resembling nitre. S.G. l-886-l*906 (B6d«dcer, ! 
J. 1860. 17). S. 177-2 at 0^ 217 at 20° (Pviulorff, i 

B. 2, 68). By dissolving 150 pts. of the salt 
in 100 pts. water at 10-8°, temperature falls 
to — 23'7° (Budorflf, B. 2, 68). Joanms {A. Ch. 
[5] 26, 482) gives the heat of solution [KSCy,Aq] 

= -6100. Melts at 161-2° (Pohl, /. 1851. 59). 
The molten salt becomes brown, then green, 
finally indigo blue, but on cooling it again goes 
white (NOUner, P. 98^1 189). Non-poisonous 
(Wohler a. Frerichs, A. 65, 342 ; Hermes, J.pr. 
97, 466). According to Berzelius {S. 31, 42), 
when KSCy is heated in moist air it evolves 
CO2 and NH, and K^S remains. KSCyAq slowly 
decomposes, quickly on boiling, evolving NH3 
(Vogel, 8. 23, 15). 

Reactions.-— 1. Chlorine passed into melted 
forms S^Cl^ and Oy,Clj (Liebig, P, 15 , 648; | 


34, 676). Cl passed into fairly cone. KSCyAq 
forms psoudosulphocyanogen CjN^HS, ; with 
excess of Cl, NH„ H.SO„ HCl, and CO.> are pro- 
duced (Liebig, A. 39*, 215 ; 50, 337; Vblokel, A, 
43, 97 ; Parnell, P. M. 17, 249). — 2. Cone, nitric 
acid ppts. 0,N,HS, (Liebig ; Volckel). — 3. Potas- 
sium pcrmanqamUc, maiujauese dioxide, or lead 
pc) oxide oxidises the S of KSCy to H^SO^ (Hadew, 
C. J. 11, 174). — 4. Molten KSCy reacts violently 
with hydrochloric acid gas, forming llCy, CS,, 
and NH,C1 (Liebig, l.c.). — 5. ITeated gently with 
phii'^fdiorus pc at ad lion de CyCl, KCI, and PSCl, 
are prodiiceil ; at a higher tempeialnre the pro- 
ducts vary (Sohiff, ^4. 106, 116). — 6. Healed with 
iron FeS, K.S, and K,FoCy(, are formed (Gelis, 
Rep. Clnm. App. 186-2, 370).' -7. KSCyAq electro- 
lysed giv(‘s H.SOp SO,, HCy and S (Schlagdeii- 
hauften, J. Ph. [3J 49, 100). 

Comhuhiti ms. - \Vhtli mercuric cyanide and 
iodi Ic to form KSCy.HgCy,>.2H„0 (Bockiiiann, 
A. 22, 153 ; Cieivo, Bl. [2] 23, 71 ; Pl^ilipp, P. 
131, 86) : 2KSCy.HgL.2TI,,0 (Philipp, l.c.). 

Silicon sulphocyanido^ Si(SCy)4 v. Silicon. 

Silver sulphocyanide AgSCy. H.F. [Ag.S.Cy] 
= 16,500 (Joanms, A. Ch. [5| 26, 540). White 
curdy pp. by adding KSCyAq to AgNO^Aq. 
Blackens in light. Insol. water and dilute acids; 
sol. NH,Aq and alkali sulphocyanides, also in 
HgNO,Aq (Wackenrodcr, A. 41, 317). Addition 
of NH,A([ to a solution of AgSCy in NlIjSCy 
ppts. shining tablets of the double compound 
AgSCy.N'H,; loses all NH, by trentmont with 
water (Gintl, IK. A. B. 60, 474 ; Wcith, 1869. 
310; cf. Gussinann, A. 100, 76). Solution of 
AgSCy in hot KSCyAq on coolim; deposits the 
double salt AgSCy. KSCy; decomposed by water 
(Hull, A. 76, 93). The double salt AgSCy.NH^SCy 
is also known (Gossmann, ^1. 100, 70; Fleischer, 
A. 179, 225). 

Sodium sulphocyanide NaSCy. H.F. [Na,S,Cyl 
= 77,100 (Joannis, A. Ch. [5] 26, 510). Prepared 
by neutralising IISCyAq by Na^CO,, evaporating, 
and crystallising from alcohol. Also by heating 
, 1 pt. K^FoCyg with pis. dry Na.SD,, and dis- 
; solving out witli hot alcohol (Fiohde, P. 119, 

! 317; Meitzendorlf, P. 56,63). Very deliquescent 
I rhombic plates ; e. sol. alcohol. Forms the 
double compound NaSCy. HgCy^ (CLWc, Bl. [2] 
2.3, 71). 

Strontium sulphocyanide Sr(SCy)^.3ILO. 
Prepared by neutralising IISGyAq with SrCO,, 
and evaporating at 100'^, and then over H^jSO* 
(Meitzendorlf, P. 56, 63). Gives off 3H ,0 at 1*00°, 
and b'*gins to decompose at 160°-170°. Forms 
the double compound Sr(SCy).,.2HgCy,. 411,0 
(Cldve, Bl. [2] 23, 71). 

Thallons sulphocyanide TlSCy. Small 
shining needles; by mixing Tl,CO,Aq with 
KSCyAq (Kuhlmann, J. pr. 88, 175 ; Hermes, 
/. 97, 465). For crystalline form v. Miller 

(Pr. 14, 455). Forms a double salt with KSCy 
(Carstanjen, J. pr. 102, 129). 

Tin sulphocyanide. The stannous salt 
Sn(SCy)2 is obtained by heating freshly ppd. 
SnO.ajHjO in HSCyAq, filtering, boiling, filtering 
again from SnO, an^ evaporating. Citron-yellow 
crystals ; sol. water and alcohol ; aqueous solu- 
tion reflects blue light (Clascn, J. pr. 96, 3 19). 
Stannic hydrate scarcely dissolves in HSCyAq. 

Uranium sulphocyanide U(SCy)2. Laik 
green mass, b^ dissolving urauous hydraie ^0 



OYANO-AOETIO ACID. 


859 


HSOyAq and evaporating (Rammelsberg, A. 48, 
235). Existence of uranic sulphocyanide is 
doubtful (v. Porret, T. 1814. 627). 

Yttrium sulphocyanide Y(SOy)3.6HjO (Cl^ve 
a. Hoeglund, Bl. [2] 18, 197). Forma the double 
compound y(SCy)j.3HgOy..l2H,0 (C16ve, J.pr., 
91, 227). 

Zinc sulphocyanide Zn(SCy)^. Wliite crystals; 
obtained by dissolving freshly ppd. ZnCO, in 
HSCyAq, evaporating, and crystallising from 
alcohol (Meitzendorfl, P. 66, 63). Dissolves in 
NHaAq, rhombic prisma separate of the double 
compound Zn(SCy)2.2NH,, ; these are decomposed 
by water to ZnO and NH,SCy (Meitzendorff, 
l.c. \ Fleischer, A. 179, 225). Also forms the 
double compounds ZB(SCy)3.2ngCy.^.4H,0, and 
Zn(SCy)™.2HgCy.,.3NH, (Cl^ve, BL [2] 23, 71). 

TELLUROGYANIDES. — A potassium 
tellurocyanide is probably momentarily formed 
when Te and KOy or K^FeCy, are melted 
together, but if so it is quickly decomposed on 
treatmonf with water with ppu. of Te (Berzelius, 
S. 31, 60). • M. M. P. M. 

CYANIDINE, a name proposed by Pinner 
(B. 18, 760) for derivatives of CjNjII, in which 
H, is displaced by hydrocarbon radicles, e.g. 
CjNjMeT would be tri-methyl-cyanidine. These 
compounds are mostly described as paranitriles 
of the corresponding acids. See also Cvane- 
THiNE, Cyaniietiiethine, aiid Cyanmetiiine. 

GYANILIG ACID v. Cyanio acids. 

CYANINE or QUINOLINE BLUE v. Qdino- 

LINE. 

CYAN-METH-ETHINE [166°]. S. 

2-7 at 20°. 

Preparation. — Sodium ^1 pt.) is added to a 
mixture of propionitrile (tVo pts.) and aceto- 
nitrile (3‘3 pts.). The sodium dissolves with 
evolution of gas. The product is freed from excess 
of nitriles by distillation, washed with water and 
fractionally crystallised from alcohol and benz- 
ene. Cyanethino is first obtained, but the chief 
portion is •yan-meth-ethine, formed thus : 
2C3 H,CN + CH,CN-C,H,sN 3 (0. Iliess a. E. v. 
Meyer, J.pr. [2] 31, 112). 

Projwfifis.— Trimetric plates (from benzene). 
Begins to sublime below 100°. 

Salts.— B'.HCl.AuClg. Plates.— 
(B',HCl)2PtCl4. Clustered needles. 

Combination. — B'j,AgNOs. 

Reactio7is.--l. Bromine warmed with a solu- 
tion of the hydrobromide forms a colourless 
solution, out of which NH, throws down bromo- 
cyanraethethine, 0^11, jBrN^. This is soluble in 
hot water, alcohol, ether, and benzene, and forms 
trimetrio crystals [156°].— 2. HCl at 180° forms 
an ‘ oxy-base ’ [160°]. 

CYANMETHINE CAN.. [181°]. S. 166 at 
18°. S. (alcohol) 19 at 18°. 

Preparation. — From acctonitrile*(methyl cy- 
anide) (6 pts.) and sodium (1 pt.) (Baeyer, B. 2, 
319 ; Keller, J. pr. [2] 81, 366). Marsh gas is 
evolved, not ethane. 

Properties. — Very similar to oyanethine, but 
2,140 times more soluble in water. It may be 
crystallised from alcohol. Its aqueous solutions 
wve pps. with AgNO„ Pb(OAofj, HgOl,,, and BaCl, 
(E. V. Meyer, J. pr. [2] 27, 162). 

Oombmaiions. -- (OuHuN3)3AgN03. Rhorabo- 
hedra (from hot water). 

Beactiona.—l, NgO,, passed into a solution 

voL. n. 


of oyanmethine in glacial acetic acid, forms an 
oxy-base, CrtH,Nj(OH) ; the nitrate of this base, 
0*E[3N30,HN0 s, separates as tufts of needles 
from the cold solution. The free base, 
melts at [193°], and crystallises from alcohol in 
needles. This base is also formed by heating 
oyanmethine with HCl at 180° (Wollner, J. pr. 
[2] 29, 131). The nitrate of the oxy-base gives 
with AgNOj, on neutralising with NH3, a pp. of 
C^HjAgNjO.— 2. Bromine gives, even in the 
cold, a bromo-c^/an-mef^ine [142°]. Decom- 
posed by boiling water, with formation of NH^Br. 
Nitrous aoid gas, passed into a solution of 
bromo-oyanmethine in glacial acetic aoid, gives 
white needles of the nitrate of the bromo-‘oxy- 
base’; C«H,BrN30,HNO, [158°]. This com- 
pound forms a silver derivative : OgHjAgBrNjO. 
Bromo-cyan-methine retains its bromine much 
more strongly than brorao-oyanethine. It is 
converted b> phenyl cyanate into a urea : 
CgHgBrN3.NH.CO.NPhH [186° -206°]. Bromine 
converts this into a tri-brominated urea, 
probably C.HgBrN^.NH.CO.NH.CgHjBrj [257°]. 
3. Chlorine forms a dichloride of ohloro-cyan- 
methine, whence aqueous NH, liberates chloro- 
cyan-methine CgHgClNj. (Cyan-ethine forms 
a tri-chloro- derivative.) N^Oj converts the di- 
ohloride, CgHgClNj.Clj, dissolved in glacial acetic 
acid, into the nitrate of the chloro-' oxy-base,’ 
CgHjClNp.HNOs. [153°].— 4. Phenyl cyanate 
(6 g.), warmed with cyanmethine (5g.) dissolved 
in benzene, forms crystals of a complicated 
urea; CgH;N3.NH.CO.NPhH. This melts at 
[226°]. Bromine added to its solution in HCl 
forms a di-bromo- derivative [238°]. 

Salts.-B'HCl: needles. — B'^H.PtOlg.— 
B'HI. — BT3. — B'HIg. - B'HIg. — B'HNOg. — 
B'jH.SO,.— B'(H3S0^)3.— B'jH.Cp, 2aq. 

Constitution.— The presence of amidogen in 
cyan-methine is shown by the action of phenyl 
cyanate and of ND, upon it. Other reactions 
indicate, however, that it is differently consti- 
tuted to cyanethine. 

CYANO-ACETIC ACID CfgHgNO.t.c. 
CN.CH3.COjH. Semi-nitrile of malonic acid. 
Mol. w. 85. [55°] (Van ’t Hoff, Ar. N. 10, 274). 
Formed by boiling chloro-acetio ether (250 g.) 
with KCy (300 g.) and water (1,200 g.) (Hugo 
Miiller, A. 131, 350; Meves, A. 143, 201). 

Properties. — Crystalline ; decomposed by 
heat into GOj and acatonitrile. 

Bfioefions.— 1. Boiling aqueous KOH gives 
malonic acid. — 2. Br gives di-bromo-acetonitrile, 
broraoform, and COj (Van ’t Hoff, B. 7. 1383, 
1571). — 3. Electrolysis gives ethylene cyanide 
[38°] (Moore, Am. S. [3] 3, 177). 

Salts. — KA': deliquescent. — ZnA'j2aq. — 
HgA'j2HgO.-PbA'jaq.— MnA'j2aq (Engel, Bl. 
[2] 44, 424) : beautiful crvstals.— CuA'j.— AgA'. 

Ethyl ether EtA'. (207°). 

Dissolves sodium, forming ON.CH^a.COjBt 
as a white, very hygroscopic, and easily fusible 
powder. This sodium derivative is easily acted 
on by alkyl iodides, thus CHjI gives rise to 
CH.CH(CH,).C03Et (194°). V.D. 4-34; 0,HJ 
gives ON.CH(OjH3).OO.jEt (204°). V.D. 4*68; 
0,HJ gives ON.CH(C3H3).COjEt (216°-Q20'»). 
ClCO.OEt acts easily upon the Na derivative, 
giving CN.CH (COjEt)j. The mono-chlor- and 
mono-bromo-derivatives are formed with remark- 
able neatness. CN.OHOl.OOjEt is a colourless 

AA 
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Hquid, with a pungent odour (100®). V.D. 5*11 
(Henry, C. B. 104, 1618; HaUer, Bl. [2] 48, 27). 

The following ethers have been obtained by 
the action of Ufa and ethyl or methyl cyanacetate 
upon the corresponding diazo-chlorides:— 

Methyl benzene-azo-cyanacetate 
a,H*,N^CH(CN).CO,Me. [86®]. 

Ethyl benzene-azo-cyanacetate 
0eH5.Nj.CH(CN).C02Et. [126®]. 

Methyl o-tohiene-azo-cyanacetate 
0^,Me.N2.CH(CN).C02Me. [167°]. 

Methyl p-tolUene-azo-cyanacetate 
C«H^Me.N,.CH(CN).C02Me. [133°]. 

Ethyl o-toliLene-azo-cyanacetate 
0„H,Me.Nj.CH(CN).CO;Bit. [126°]. 

Ethyl p-toluene-azo-cyanacetatc 
0,H,Me.N2.CH(CN).C0,Et. [74°J (Haller, C. R. 
106, 1171-1174). 

Amide CN.CHj.CONH,. [118°]. Formed 
by dissolving cyano-acetic ether in a'queous am- 
monia, and allowing the solution to evaporate 
epontjineously. Crystallises from alcohol in 
small needles (Henry, C. B. 104, 1618). 

Aeetyl-oyano-acetic acid 
OH,.CO.CH(CN).CO,H. 

Methyl ether MeA'. [47°]. From 
CHj.CO.CHNa.COaMe and cyanogen chloride in 
MeOH (Haller a. Held, C. B. 106, 210). Also 
from CN.CHNa.CO.^Me and acetyl chloride.— 
Ca(C4H^NO,)2 6aq : efflorescent crystals. 

Ethyl ether EtA', Formed similarly; v. 
Ctano-aceto-acetic ethek. 

Propionyl-cysno-acetic ether 
CH,.0H2.C0.CH(CN).C02Et. (160°) at 60 mm. 

-Ca(CaH,oN 03)2 2aq. 

n-Butyryl-cyano-acetic ether 
PrCO.CH(CN).CO.,Et. (171°) at 66 mm. — 
CaA'3 2aq.— BaA'jSlaq (Haller, C. B. 106, 
1086). 

Isobutyryl-cyano-acetic ether 
3?r.CO.CH(CN).CO.,Et. (173°) at 8.6 mm.— 
CaA'j 2aq. 

Benzoyl-cyano-acetic ether v, Gyako benz- 
oyl ACETIC Acin. 

o-Toluyl-cyano-acetic ether 
C«H,Me.CO.CH(CN).CO..Et. [35°]. Prisma 
(Haller, C. B. 107, 104).— CaA'^daq. 

Phenyl-aoetyl-cyano acetic ether 
CH,Ph.CO.CH(CN).CO.Et. Oil. 

biunamyl-cyano-acetic ether. [104°]. 

Bi-omnamyl-cyano-acetfc ether 
(PhCH:CH,CO)2C(CN).CO,Et. Silky needles. 

CYANO-ACETIC ALDEHYDE CH,(CN).CHO. 
(72°). S.G. ^ *881. V.D. 2-33. Formed by the 
action of AgCN as an alcoholic solution of 
iodo-acetic-aldehyde. Colourless mobile liquid. 
Miscible with most solvents. It does not solidify 
at -20°. It reduces Fehling’s solution, forms 
a compound with NaliSOj, and is resinified 
by NaHO and HCl. UNO, oxidises it to cyano- 
acetic acid. It forms with aniline a base riX8°] 
(Chautard, C. B. 106, 1167-1169). 

CYANO-ACETO-ACBYIC ETHEB 
CH,.CO.CH(CN).C03Et. [27°]. (119°) at 

20 mm. Formed by the action of potassmm 
cyanide on chloro-aceto-acetic ether; the salt 
CN.CH2.C(0K):CH.C03Et being also formed in 
small quantity (James, A. 240, 61 ; C. J. 61, 
287 ; C. J. Proc. 8, 26). Formed also by treat- 
ing sodium aceto-acetio ether with cyanogen 
chloride, and from cyano-acetic ether and AcCl 


(Haller a. Held, Bh [2] 47, 888 ; C. H. 96, 286 \ 
104, 1627; 106, 116). 

Properties. — Silky needles, cannot bo dis- 
tilled. Insol. water, sol. alcohol and ether. 
Gives a characteristic red colouration with 
FbjCl,. Decomposed by boiling alkalis into 
acetic acid, CO., and ammonia. 

Salts.— NaCjH^NO, : crystals (from alcohol). 
KA' : needles (from alcohol) ; insol. ether and 
benzene. — GaA^, 3aq : monoclinic crystals (from 
alcohol). 

CYANO-ACETONE C,H,NO i.e. 
CH3.CO.CH3CN. (0. 123°). From chloro 
acetone and KCy in dilute alcohol (Matthews a. 
llodgkinson, B. 15, 2679). Converted by alco- 
hol and HCl into aceto-acotfo ether. 

Isomeride. [166°]. From chloro-acetono and 
aciueous KCN (Glutz, J. pr. [2] 1, 141; cf. Ben- 
der, B. 4, 618). Very volatile crystals. Forms 
a crystalline compound with HI. 

oj-CYANO-ACETOPHENONE v. auNZOYL- 

ACETONITIULE. 

|)-Cyano-acetophenone ^ 
[4:l]C,H^(CN).CO.CH,. [61°]. From p-amido- 
acetophenone by displacing NH. by Cy (Ahrens, 

B. 20, 2955). Needles (from dilute alcohol). 
Boiling alcoholic KOH converts it into aceto- 
phenone p-carboxylio acid {q. t'.). 

Oxim C«H,(CN).C(N0H).CH3. [160°]. 
CYANO-ACETYL BROMIDE CH.(CN).COBr. 
Appears to be formed, together with the isomeric 
bromo-acetyl cyanide, by heating AgCN with 
bromo-acetic acid and chloroform (Hiibner, A, 
124, 315; 131, 66). Needles (from ether or 
chloroform). Converted by KOH into cyano- 
acetic and malonio acids. 

CYANO-ACETYL-DI-METHYL-DEEA 
NnMe.CO.NMe.CO.CH2.CN. [above 260°]. Pre- 
pared by the action of oyano-aoetyl chloride on 
dimethylurea (Mulder, B. 12, 460). 

CY ANO- ACETYL-URE A 

NH2.CO.NH.CO.CH2.CN. [200°-.210°]. SI. sol. 
water and alcohol. Prepared by tne action of 
cyano-acetyl chloride on urea (Mulder, B. 12, 466; 
BU [2] 29, 631). 

CYANO-ANGELIC ETHER 

C, H,.CH(CN).C02Et. (c. 218°). From sodium 
cyano-acetic ether and allyl iodide (Henry, C. B. 
104, 1618). 

DI-CYANO-BENZENES v. Nitriles of 
JsoPHTHALio and Terephtualic acids. 

o-CYANO-BENZOIC ACID ChH.NOj t.tf. 
C„H4(CN).C02H. Semi-mtrile of phthalic oewi. 
Appears to be formed from o-amido- benzoic acid 
by the diazo- reaction, but changes spontaneously 
into the isomeric phthalimide (Saudmeyer, B, 
18, 1499). 

Ethyl ether ATlt : [70°] ; needles; v. sol. 
alcohol, ether, &o., si. sol. hot water. Obtained 
from anthranilio ether by diazotisation and treat- 
ment with Cu 2(CN), (Miiller, B. 19, 1498). 

m-Cyano-benzoio acid C,H,(CN)C02H [1:8]. 
[217°]. 

Formation, — By the action of a hot solution 
of cuprous potassium cyanide upon w-diazo- 
bonzoio chloride (^ndmeyer, B. 18, 1498). 

Properties. — Miorosoopio needles. V. e. sojL 
ether, alcohol, and hot water. Gives isophthalio 
acid on saponification. By distillation of the Ca 
salt with lime bcnzonitrile is formed. By HNO, it 
is oxidised to isophthalio acid. By aloonolio B|S 
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it is converted into the acid 0,gH„0.NjS probably 
C.H,(CO,H).0(NH).S.C(NH).C«H,(dO.H) [199^] 
whence tin and HCl pve w-imido-m-di-toluio 
acid. By treatment with fuming sulphuric 
acid and pouring the mixture into water it 
yields C,«H,„0,N, probably 

C«H,(CO,H).C(NH).O.C(NH).C,H,(CO,H). 
[above 300°]. 

Salts.— C«H^(CN).COjAg : insoluble pp. — 
A'jCa 3aq : crystals, sol. hot water. — A'^Ba 3|aq : 
soluble crystals.— A'._jZn : white pp. 

Methyl ether A'Me ; [66°]; crystals; v. 
si. sol. water, v. sol. alcohol, ether, <feo. 

Ethyl ether A'Et : [66°] ; crystals; nearly 
insol. water. 

Amide C«H,((7N).CONIL : [above 300°]; 
V. sol. alcohol and ether, insol. water. 

Amidoxivi C„1 1,(00 Ji)C(NH,J:NOH : 

[198°] ; crystalline. Eonned by the action of 
hydroxylamine upon vi - cyano - benzoic acid 
{Bromine, B. 20, 624 ; cf. Muller, B. 19, 1494). 

p-Cyano-benzoic acid C,II,(CN)CO.,H [1:4]. 
Formed by the action of a hot aqueous solution 
of cuprous potassium cyanide upon p-diazo-ben- 
zoic chloride (Bandmeyer, B. 18, 1496). Quickly 
changes into terephthalamic acid. 

Ethyl ether A'Et : [64°] ; needles; v. sol. 
alcohol and other (Miiller, B, 18, 2485). 

ISO-CYANO-BENZOPHENONE 
CJIj.CO.CaH,NC. [119°]. Erom^)-amido-benzo- 
plienono, chloroform, and alcoholic KOH(D(Bbner, 
Ji. 14, 1838). Silky needles, when hot it smells 
unpleasant. HCl splits it up into formic acid 
and amido-acetophenone. 

Di-p-cyano-benzophenone 
CJI,(CN).CO.C«H,(CN). [206°]. Formed by dry 
distillation of calcium p-cyaiio-benzoate. Warty 
crystals. Sublimable. V. sol. alcohol, ether, 
and benzene, slightly sol. petroleum-ether and hot 
water. With phenyl-hydrazine it yields the com- 
C,H,/C(NII,):N,Hrh 

pound ^C:N,HPh . The latter body 
^<»^*\C(NH,):N,HPh 

forms warty crystals [212°]; v. sol. alcohol, 
ether, benzene, and CS., (Broinme, B. 20, 621). 

Isocyano-benzophenone v. Bknzoyl-puenyl- 

CARDAMINK. 

CYANO-BENZOYL-ACETIC ACID. 

Methyl ether CBzHCy.CO^Me. [74°]. 
From methyl oyano-acetate and BzCl (Barthe, 
C. B. 106, 1416). Long prisms, sol. ether and 
alcohol. Gives a red colour with FeCl,. Its 
alcoholic solution has an acid reaction. Boiling 
water splits it up intoCO.^andPh.CO.CHaCy [82°]. 
Its sodium derivative Cy.CBzNa.CO.^Me 
forms hard crystals, decomposing at 123°. Its 
barium salt Ba(CBzCy.C® 3 Me) 3 aq is also crys- 
talline. • 

Ethyl ether C|oH,NO, 
C,HvCO.CH(CN).C 03 Et. [41°]. From benzoyl- 
acetic ether, NaOEt, and CyCl. Also from 
CN.CHNa.COjEt, and BzCl (Haller, 0. B. 101, 
1270; 106,130). Prisms; sol. alcohol, aqueous 
alkalis, and Na-^COsAq. Gives an intense red 
colouration with FejCl,. Boiling water forms 
cyano-acetophenone and COj. Alcoholic HCl 
gives COj and acetic and benzoic ethers. 

o-CYAKO-BENZYL-AMINE 
C,H,(0N).0H3.NH3. Formed, together with 
phthaUo acid, by digesting phthal-o-oyano- 


benzyl-imide with fuming HCl. Tlie solution ot 
its hydrochloride is converted by nitrous acid 
into nitroso-phthalimidine. — B'HCl aq : glisten- 
ing needles. P i o r a t e B'C,H 3 (N 0 . ) s6H : sparin gl y 
soluble yellow crystalline pp. (Gabriel, B. 20, 
2232). 

o-CYANO-BENZYL CHLOBIDE 
C.H,(CN).CH.,C1[1:2]. [61°]. (262° at 768 mm.). 
Monosymmetrical colourless crystals a:b:e 
»= ’7776 : 1 : -2939, B = 60° 2'. Prepared by leading 
chlorine into nearly boiling o-cyano-toluene till 
its weight has increased by 30 p.c. (Gabriel a. 
Otto, B, 20, 2222). 

o-CYAhO-BENZYL-CYANIDE 
CflH,(CN).CH,.CN [1:2]. o-Cyano-phenyl-acelo- 
nitrile, [81°] . 

Preparation. — o-Cyano-benzyl chloride (30 
pts.) is added to a solution of 15 pts. of potas- 
sium cyanide (96-98 p.c. KCN) in 60 c.o. of water 
and 300 c.^. of alcohol. After cohobating for 
I hour, ^ of the alcohol is distilled off and the 
residue poured into water (about ^ litre) ; the 
crystals which separate are recrystallised from 
alcohol (yield : 26 pts.) (Gabriel a. Otto, B. 20, 
2224, 2502). 

Propcrfics.—Colourless plates. V. sol. ordi- 
nary solvents. By warming with alcoholic so- 
dium ethylate and Mel or EtI it is converted 
into C«H 4 (CN).CHMe.CN or C,H,(CN).CHEt.CN. 
By heating with cone. HjSO, at 80°, and pouring 
the product into water it is converted into the 
imide of phenyl-acetic-o-carboxylio acid 


CJl/ I . 

\ CO.NH 


»-CYAN0-BEKZYUDENE-PHTHALIDE 


C«C{C1S).C«H3 

[165°]. Fine yellowish needles. 
CO 

Formed by heating phthalic anhydride with 
benzyl cyanide, best with addition of dry sodium 
acetate (Gabriel, B. 18, 1264). 

o-CYANO-BENZYL-PflTHALIMIDE 

C = N.CH,.C,H,(CN) 

i.c. CJl,<^yO. Phthal - o - cyano - 
CO 

benzyl-imide. [182°]. Prepared by heating 
phthalimide-potassi^m (9 pts.) with o-cyano- 
benzyl chloride (7 pts.) slowly from 100° to 120°. 
Large prisms. By boiling with fuming HCl it 
is split up into phthalic acid and o-cyano-benzyl- 
amine (Gabriel, B. 20, 2231). 

exo-CYANO-BENZYL-UREA t>. Phenyl- 


URAMIDO-ACETONITRILB. 

CYANO-BOBNEOL. Has been shown by 
Haller to be bornyl carbamate {q. v.). V. also 
CiNEOL. 

jj-CYANO-ISOBUTYL-BENZENE v. Nitrile 

0/|7-(Wi0)-BDTYL-BENZ0IC ACID. 

a-CYANO-BUTYEIOACID 

CH,.CH,.CH(CN).C03H. 

• Ethyl ether EtA'. (209° cor.). S.G. S 
1'009. From o-bromo-butyrio ether, alcohol, 
and HgCyjKjCyj at 130° (Markownikofif, A. 182, 
330). Also from sodium oyano-acetio ether and 
EtI (Henry, C. B. 104, 1618). 

Amide CH,.GH 3 .CH(CN).CONH,. [U3°], 
Pearly soaleB (from alcohol). 



OYANO-BUTYRO-AOETIO ETIIER. 


m 

CYANO-BTFIYBO-ACETIC ETHER Isobutyl ether CN.COXHsPr. (146®). 

UH.,Me.CH 2 .CO.CHCy.OOJEt. (o. 172®) under Ally I ether ON.COAH». (135®). From 
66 mm. From sodium cyano-acetio ether and di-cyano-propyl alcohol (dioyanide of allyl alco- 
butyryl chloride (Haller, C. 106, 1083).— hoi) and fuming HCl (Wagner a. Tollens, B, 6 , 
CaA', 2aq.— BaA'j 3aq. 10,46). 

Cyano-iso-bntyro-acetlo ether CN.CONH^. [60®]. Formed, together 

CHMojCO.CHCyCO^jEt. (174®)at85mm. Formed with oxamide, by passing cyanogen into 96p.o, 
as above from isobuty^lonloride(H.). — GaA' 22 aq. acetic acid and, after a few hours, heating to 
OYANO-CAMPHOE v. Camphor. 100® (Beketofif, J. R. 7 , 99). Tables, v. sol. water, 

CYAHO-CAKBIMIDAUIDO-BENZOIC ACID alcohol, and ether. Split up at 120® into HCy 
9 . vol. i. p. 157. and cyanurio acid. 

CYANO-CAEBONIC ACID u. Ctanoformio Di-ethyl amide ON.CO.NEtj. (220°) 

ACID. Prom tt-di-ethyl-oxamide and P-Oj (Wallach, B. 

CYANO-CAEBOXAMIDO-BENZO. C ACID 14, 737). Oil ; volatile with 'steam ; si. sol. 
vol. i. p. 167. water. Lighter than water, r PCI. gives 'chlor- 

CYANO-TEI.CAEBALLYLIC ETHER oxalethyline.’ 

C,,H„NO« i.c. C(ON)(CO.^t)(CH,CO,Et),. Pam-oyano-formio acid (CN.CO,H)„. From 

[41°]. (187®). Formed in small quantities in its ethers by treatment with cold aqueous KOH ; 

the preparation of cyano-succinio ojher (q. v.). the acid is then ppd. by HCl as a bulky mass, 
It is also formed from cyano-suooinic ether by insol. alcohol and ether, v. si. sol. water. Boiling 
Na and chloro-acetio ether. Colourless. Sol. water converts it into oxalic acid and NEP,. 
alcohol and ether; insol. water and alkalis Salts. — K„(C 2 N 02 ),j: Iqjug needles (from 

(Haller a. Barthe, C. B. 106, 1414). water). — Ag„(C 2 N 02 )„: yellow pp,, insol. HNO,. 

w-CYAEO-CINNAMYL.UREA t>. Nitrile of Methyl ether MeJCOCN)^. [154°]. Ob- 
Phentl-o-ubamido-crotonic acid. tained by polymerisation from methyl cyano- 

CYANO - CEOTONIC ACID C^H 4 (CN )0 JI. formate under the influence of HCl. Also from 
When liberated from its salts by an acid, it the silver salt and Mel. Small needles, 
changes to acid ammonic crotaconate. J5J tht/Z ether Et„(COCN)^. [165°]. Formed 

Salt. — KA'. From o-chloro-crotonio acid, by saturating cyano-formic ether with HCl and 
cold dilute alcohol and KCy (Claus a. v. Waso- heating the liquid to 100° for several hours, or 
wioz, 191, 69). Boiled with KOH it forms leaving it to itself in the cold for a few weeks 
crotaconic acid (q. u.). — AgA'. (Weddige). Six-sided prisms, v. si. sol. cold, si. 

B-Cyano-orotonic ether CH,.C(CN)*.CH.CO^Et. sol. hot, alcohol. Cannot be distilled. Boiling 
[71°]. From accto-acetio ether, fonnamidine alkalis give oxalic acid, NH„ and alcohol, 
hydrochloride, and dilute aqueous Na^CO, (Pin- Isobutyl ether (PrCH 2 )JCOCN),. [168®]. 
ner, B. 18, 28 46). Needles (from ether). Amide (ON.CO.Nflj),. AmorpWs. 

CYANO-ETHYL-ACETO-ACETIC ETHER Methylamide (CN.CO.NHMe) . [250®], 

CH,,CO.C(CN)Et.C 02 Et. (108°) at 18 mm. Needles. 

S.G. ^ *976. From sodium aceto-acetio ether Anilide (CN.CO.NHPh),. Needles, 
and OyCl, followed by water (Held, C. R. 98, 622). CYANOGEN CN. Mol. formula C^Nj. MoL 
Oil; insol. aqueous alkalis. Boiling aqueous w. 62*96. [—34*4®] (Faraday, A. 66, 168; Loit a. 
KOH gives acetic and butyric acids, KH,, and Drion, J. 1860. 41). (c. -20°) (Bunsen, P. 46, 
COj. • 101). S.G. *866 at 17® (Faraday). V.D. 1*806. 

CYANOFOEM CHCy,. From chloroform S. (gas) at 20° = 4^; S. (gas) in alcohol at 20® 
and alcoholic KCy at 130® (Fairley, C. J. 11, »=23; S. (gas) in ether at 20°=* 6 . Vapour- 

362; Pfankuch, J. pr. [ 2 ] 4, 38 ; 6,97. Accord- pressure in atmos. at —17*7® = 1*26, at — 9'4® 
ing to Claus, A. 101, 36, cyanoform does not -1*72, at — 6 ® = 2, at 0° ■= 2*37, at +6*9° -3, at 
exist). Small needles. Decomposed by HCl 17*2°= 4, at 25® = 6 , at 31*3°= 6 , at 37*4® = 7 
into NH, and methane tricarboxylic acid (Faraday, Z.c.), = 1000804, nj, = 1*000834, 

CH(CO^H)j. , = 1’000896 (Croullebois, A.Ch. [4] 20, 185; v. 

Compound. — With mercuric iodide • also Chappuis a. Riviere, 0. R. 103, 37). H.F. 

8 Hgl 2 ,(CHOy,)„ crystalline needles got by heat- [C*,N*1 = - 66,700; H.O. [C^N^.O*] »= 269,620 {Th. 
ing iodoform with alcoholic HgCy.^ at 120®. 2, 388). For spectrum v. Wiillner (P. 144, 617), 

CYANO-FOEMIC ACID CN.COH. Cyano- and Ciamician [W. A. B. 79 [2nd part], 8 ) ; dis- 
carbonic acid. Semi-nitrile of oxalic acid, persion v. Croullebois (A. Ch. [4] 20, 186), and 
Methyl ether CO ( 101 °). From Mascart (C. B. 71, 617, 679). For transpiration- 
methyl oxamate NH;.CO.COgMe and P^O, coefficient v. Meyer (P. 143, 14). 

(Weddige, J,pr. [2] 6 , 117; 10, 193). Pungent Cyanogen was first prepared by Gay-Lussno 
oU. Quickly decomposed by water into HCy, in 1816 ; he compared cyanogen with chloriiu?, 
methyl alcohol, and CO,. Combines with H^S, and the compounds of one with those of the 
forming NHj.CS.COjMe. other, hence arose the conception of the com- 

Ethyl ether CN.CQ^t. (116®). Formed pound radicle CN replacing the simple radicle 
by distilling oxamio ether with P,0.. Formed OL The name cyanogen (from Kiavos) was sug- 
also by distilling NHyCCl^COjEt, the produG| gested by the colour of Prussian blue, which was 
of the action of PCI, on oxamic ether (Wallach, the earliest known compound of cyanogen. 

A. 184, 12; B. 8 , 299). Oil, lighter than water. The formula Of is often used to denote 
Slowly decomposed by cold water into CO,, cyanogen. 

alcohol, and HCy. Cone. HCl gives oxalic acid. Occurrence. — In the gas from coke-ovens 
Ammonia forms NH,Cy and caibamio ether ; (Bunsen a. Playfair, J. pr. 42, 145). 
alkylamines act similarly. HI reduces it to Formation.— -1. By passing induction-sparks 

amido-acetic ether. between oarbon poles in an atmosphere ol N 
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(Morren, C. B* 48, 843). — 3. By heating 
raH4)2Ca04 or 0.p,,(NH.Jj, either alone or with 
dehydrating agents (Dumas, A. 10, 205 ; Berta- 
gnini, A. 104, 176).— 8. By heating AgON (Del- 
brack, A. 64, 296) or Au(CN), (Himly, A. 42, 
167, 337). 

Preparation.— Verteotly dry mercuric cyanide 
is heated in a dry flask or small retort with a 
long exit tube dipping under mercury in an in- 
verted tube; the cyanide is decomposed to 
cyanogen and mercury, which condenses in the 
exit tube. 

Properties. — A colourless gas, with penetra- 
ting odour resembling that of HON. Very 
oisonous. Burns with purple flame. Liquefied 
y cold and pressure; at -20*7® at ordinary 
pressure ; liquefaction may be effected by heat- 
ing Hg(ON)j or porous charcoal saturated with 
cyanogen jMelsens, G. R. 77, 781) in a Faraday- 
tube (c/. also Hofmann, B. 3, 063). At very low 
temperatures freezes to a crystalline, ice-like 
mass. Liquid cyanogen is a colourless, mobile 
liquid; non-cond8ctor of electricity; dissolves 
P, I, camphor, and various other bodies (v. Gore, 
G. N. 24, 303). Cyanogen gas is absorbed by 
Hg at 0. 100® (Amagat, G. R. 68, 1170) ; it is 
also largely absorbed by porous charcoal (Hunter, 
C. J. [2] 9, 76; 10, 642). Cyanogen combines 
with several non-metals, e.g. with Cl, Br, I, S, 
P; it also forms compounds with most of the 
metals ; in its chemical relations it shows analo- 
gies with the halogens, e.g. in the composition 
and properties of the acids HM and HMO, 
where M = Cl, Br, or CN, and in the composi- 
tion of many cyanides. The hydracid HCN is 
much weaker than the corresponding halogen 
acids. Substitution of H in aromatic hydro- 
carbons by the group CN generally results in the 
production of compounds one or more H atoms 
in which are acidic (v. Meyer, B. 20, 2944; 
Schneidewind, B. 21, 1323; Papcke,B.21,1331; 
Knoevenagel, B. 21, 1344). The modes of pre- 
paration of cyanogen, e.g. from (NKJ^C.^^, and 
its reaction with H.p to form C20j(NH2)j, show 
that it is the nitrile of oxalic acid. 

Reactions. —1. Heated to c. 500° paracyano- 
gen is slowly formed (Troost a. Hautefeuille, 
C. R. 66, 735, 795 ; v. also Paracyanoobn), at 
c. 1200° N is liberated (Meyer a. Goldschmidt, 

B. 16, 1161). Heated in presence of iron or pla- 
tinum C and N are formed. -2. Decomposed to 
C and N by a series of electric sparks, but after 
a time re-formation of Cy begins (Buff a. Hof- 
mann, A. 113, 129 ; Andrews a. Tait, Pr. 10, 
427).— 3. Water dissolves Cy, the solution slowly 
decomposes, except an acid be present (Gianelli, 
J. 1856. 436), with separation of brown flocks of 
Bzulmic acid (Pelouze a» Bichardson, A. 26, 63), 
and formation of NH4 oxalate, and carbonate 
(Vauquelin, A. Oh. 9, 113; 22, 182), and also 
HCN and C0.2NH, (Wbhler, P. 16, 627).— 4. Al- 
coholic and ethereal solutions decompose simi- 
larly to aqueous solutions (Buff a. Hofmann, A, 
113, 129; Marchand, J.pr. 18, 104).— 6. Water 
in presence of aldehyde produces oxamide. — 

C. With sulphuretted hydt^gen cither cyan-thio- 
foniiamide (CN.CS.NH.J (g. v.) or dithio-oxaniide 
(NH..CS.CS.NH2) {q. V.) is formed, according as 
the Cy or the H,S is in excess. — 7. Ghlorme re- 
acts only in presence of moisture and sunlight, 
CNCl and (CN),C1, are formed (Serullas, A. Ciu 


[2] 86, 291, 837).~8. Hydrogen at 600°-660® 
forms HCN (Berthelot, Bl. [2] 33, 2) ; HCN is also 
produced when electric sparks are passed through 
a mixture of Cy and H (Boillot, G. R. 76, 1132). 
Hascent hydrogen (Zn and HClAq) produces 
ethylem-diamine (g. v.) (Fairley, A. Suppl. 8, 
371). — 9. Potassium and sodium heated m Cy 
form cyanides. — 10. Strongly heated iron decom- 
poses Cy with formation of C and N.— 11. Zinc 
forms cyanide, rapidly at 100® ; cadmium, copper, 
and lead, at high temperatures, form small quan- 
tities of cyanides ; mercury and silver do not re- 
act (Berthelot, Bl. [2] 33, 2).— 12. When a mix- 
ture of Cy and oxygen is submitted to a powerful 
electric spark, explosion occurs with production 
of CO and COj ; with a weak spark no explosion 
occurs ; the explosion is not dependent on the 
dryness of the gases ; slow combustion occurs in 
presence of strongly heated Pt (Dixon, G. J. 49, 
884). — IS."" Cone, cold hydrochloric acid produces 
oxamide (Schmidt a. Glutz, B. 1, 66) ; HCl in 
absolute alcohol forms oxalic ether (Volhard, A. 
158, 118 ; Pinner a. Klein, B. 11, 1481). — 14. Cone. 
hydriodicacid when cold forms oxamide (Schmidt 
a. Glutz, B. 1, 66) ; when hot forms glycocoll 
(Emmerling, B. 6, 1352) ; at 280° forms NH, 
and C2H4 (Berthelot, J. 1867. 347).— 16. With 
potash, cyanide and oyanate are formed. — 
16. With dry ammonia, hydrazulmin, C^H^Ng 
(g. V. vol. i. p. 429), is formed ; when Cy is passed 
into very cone. NH,Aq, azulniic acid, C^H-NjO 
(g.v. vol. i.p. 429), is produced; with dilute NHgAq 
oxamide is formed along with NH,, oxalate, and 
oxamato. 

Gombinations.—l. With hydrogen to form 
HCN (v. Reactions, No. 8).— 2. With water in 
presence of aldehyde to form oxamide.— 3. With 
sulphuretted hydrogen to form cyan-thio-form- 
amide or dithio-oxamide (v. Reactions, No. 6). — 
4. With ammonia to form hydrazulmin, Ac. {v. 
Reactions, No. 16).— 6. With some metals to 
form cyanides (v. Reactions, Nos. 9, 10, 11). 

PoLYMEuiDE OF CY4NOGEN. Paracyanogen 
jcCN. When HgCy, or AgCy is heated, a partis 
changed to a loose, brownish-black solid, having 
the composition ®CN ; the value of x is unknown ; 
Maumen6 thinks it may be 4 [Bl. 35, 697). 
Liquid cyanogen is slowly polymerised by heat- 
ing (at 360°-600°, Troost a. Hautefeuille, G. R. 
66, 735, 795). Paracyanogen is prepared by 
heating dry HgC/^ to 440° in a closed tube for 
24 hours, and then passing cyanogen into the 
tube at the same temperature to volatilise and 
remove the Hg (T. a. H., l.c.). The quantity of 
paracyanogen formed depends on the temperature 
and pressure. Heated to 800° in a closed tube, 
or heated in a stream of CO^ or N, paracyanogen 
is changed to cyanogen. At each temperature 
equilibrium results between the cyanogen and 
paracyanogen when a definite pressure is at- 
tained ; T. a. H. give the following data 


Temp. 

B<iuilibriun 

-pressure 

602° 

• 34 mm. 

506 

66 

f9 

559 

123 

>» 

676 

129 


587 

157 

fl 

599 

276 

»» 

601 

818 

ft 

629 

868 


640 

1310 

tf 
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Heated in H paraojanogen forms HON, KH,, 
and C (Delbriiok, J. or. 41, 161). Witli molten 
KOH it forms KCN and KCNO; boiled with 
coDO. KOHAq it is slowly dissolved with evolu- 
tion of NH,; by prolonged boiling with oono. 
HNOjAq it forms a yellow solution. 

Cyanogen bromides. Two are known, ONBr 
and xCNBr, x probably « 8. Mol. w. of the poly- 
meride is not known with certainty, analogy with 
OaNjGl, points to formula C,N^r,. For prepara- 
tion, Ac., V . Otanooen bkomidb and Otandbio 
nitoMiDB, under Cyanic acid, p. 313. 

Cyanogen ohlorides. Two are known, CNGl 
and OgNjClj i>. under Cyanic acid, p. 312. 

Cyanogen iodides. Two are known, CNI and 
a polymeride which is probably (GN)3l3 ; v. under 
Cyanic acid, p. 313. 

Cyanogen phosphide (CN),P. {Phospfiorus 
cyanide.) Mol. w. not determined. White 
needles ; very easily decomposed in contact with 
moist air to P, H,PO„ and HCN. Melts at 200°- 
203°, and boils a few degrees higher. Takes 
fire when slightly heated in air. SI- sol. ether, 
CSa, and PCI,. With alcohol forms ethylic 
phosphite and HCN. Prepared by moistening 
AgCy with PCI, at a low temperature, closing 
the tube, and heating to 130°-140° for 6 hours, 
warming (after opening the tube) to remove ex- 
cess of PCI,, and heating residue to 130°-140° in 
a stream of dry CO, till the P(CN), sublimes 
(Hdbner a. Wehrhane, A. 127, 254 ; 132, 277). ! 

Cyanogen selenide ?(CN).^Se (Schneider, P. ! 
129, 634). Colourless plates ; obtained in small 
quantity by adding diy AgCy to a solution of 
8e,Br, in CS,, and crystallising from CS,. De- 
composed by hot water to Se, HjSeOj, and 
HCN, 

Cyanogen sulphides (CN),S, and (CN),S3. 
Mol. w. of neither has been determined. 

I. Cyanogen sulphide. {Sulphur cyanide. 
Sulphocyanic anhydride.) (CN)^S. Produced 
by reaction between SIj and AgCy, SCI, and 
HgCy,, and Cyl and AgjS. Prepared by mixing 
ethereal solution of Cyl with an equivalent 
quantity of AgNCS, evaporating with constant 
stirring, and allowing to stand in a small closed 
vessel ; the residue is treated with boiling CS^ 
which dissolves the CyjS, leaving Agl ; the liquid 
is cooled to 0°, and the crystals are dried in 
vacuo over ELjSO^. Forms rhombic plates melt- 
ing at c. 60° ; decomposed ^y heating in moist 
air ; sol. ether, alcohol, and water ; decomposed 
by ELjSO^Aq, HClAq, or HNO,Aq; with NH, 
forms NH.CyS ; with H,8 forms HCN, HCNS, 
and S (Linnemann, A. 120, 36). 

II. Cyanogen persulphide (CN)_jS,. Ob- 
tained along with (CN),8 in reaction between 
AgCy and SCI,. Exists in two forms : (1) colour- 
less crystalline mass, sol. CS, ; (2) dark-yellow 
powder, formed by spontaneous change of (1), in- 
sol. alcohol, ether, water, or CS„ becomes elec- 
trical when rubbed (Schneider, J. pr. [2] 32, 187). 

III. The compound SCjNjHS, is sometimes 
called PsKUDOCYANOOEN SULPHIDE. This body is 
produced by the action of oxidisers on HSCN or 
on soluble sulphooyanides. Obtained by passing 
Cl into KSCNAq, or gently warming a solution 
of 1 pt. KSCN in 8 pts. water with ^ its weight 
of cone. HNO,Aq ; the yellow pp. is repeatedly 
washed with hot water (HaO,N,S, is dissolved 
out, Jamieson, A. 69, 889), then with CSg (which 


removes S, Linnemann, A. 120, 36), it is then 
dissolved in cone. H, SO,, re-ppd. by water, 
dried, boiled with absolute alcohol and again 
dried (VSlckel, A. 89, 120; Letnii, B. 8,767; 
Iiaurent a. Gerhardt, A. Gh. [3] 19, 98 ; Liebig, 
P. 16, 646; Wohler, Q. A. 69, 271). Insol. in 
water, alcohol, and ether; sol. without change 
in cono. H^SO^ and in dilute alkalis ; si. sol. in 
NHjAq. Decomposed by molten KOH to KSCy 
and KCyO; heated with cono. NHgAq to 100° 
NH^SCy andCjH.NjS (thio-ammelin) are formed. 
Heated with PCI, reacts thus C3S3N,H + 3PC1, 
= C,N,Cl3 + 2PCI3 + PSCI3 -e S,C1, + HCl (Pono- 
mareff, C. B. 79, 13.35). Heated alone, gives 
CS2, S, and mellone (CoN.jH,) (Liebig, P. 16, 646). 
Heated with Cl, forms CyCl, S.,C1.2, and mellone. 
Cone. HClAq at 130°-140° produces CS.^, S, and 
cyanuric acid. Not acted on by nascent H, nor 
by HIAq (Glutz, A. 164, 39, 44, 48). 

M. M. P. M. 

CYANOGEN HYDROXIDE v. Cyanic acid. 

CYANO-MALONIC ETH^ CN.CH.(C02Et),. 
Formed by acting on sodium malonate with 
cyanogen chloride. Formed also from sodium 
cyano-acetic ether and ClCO^Et (Haller, Bl. [2] 
39, 202 ; C. B. 95, 143 ; 105, 169). Strong acid, 
forming crystalline lead and calcium salts. 
Boiling alkalis give malonic acid. 

Salts.— NaCCy(C02Et)2: slender needles. — 
CaA'2 2^aq: triclinio prisms. — PbA'jaq. [88°]. 

CYa'nO-MELAMIDINE V . Guanidine. 

CYaNO- METHYL -ACETO- ACETIC ETHER 
CH,.CO.CMe{CN).C0.2Et. (c. 93°) at 20 mm. 
S.G. ‘996. From methyl-aoeto-acetio ether, 
NaOEt, and CyCl (Hold, C. B. 98, 622 ; Bl. [2] 
41, 330). Oil; insol. alkalis. Boiling alkalis 
form acetic and butyric acids. 

CYANO - NAPHTHALENE v. Nitnle 0 / 
Naphthoic acid. 

CYANO-NAPHTHOPHENAZINE C^H.CyN, 
[237°]. From sodium naphthophenazine sul- 
phonate by distilling with KCy and K,FeCy, 
(Brunner a. Witt, B. 20, 2660). Alcoholic KOH 
gives naphthophenazine carboxylic acid [above 
360°J. 

a - CYANO.(a). NAPHTHYL - a - AMIDO - PRO- 
PIONIC ACID CH3.C(CN)(NHC„H,).C0.2H. 

Ethyl ether A'Et. [134°]. Formed by 
digesting a-cyano-a-oxy-propionic ether with (a)- 
naphtbylamine. Small white plates; sol. hot 
water, sparingly cold, v. sol. alcohol and benzene 
(Gerson, B. 19, 2968). 

a-Cyano-(i8)-naplith7l-a-amido-propionio acid 
CH3.C(CN)(NHC,„H,).C02H. 

Ethyl ether A'Et. Formed by heating a- 
oyano-o-oxy-propionic ether with (l3)-naphthyl- 
amine. Small rosettes ; sol. benzene and hot 
alcohol, neaidy insol. water and cold alcohol 
(Gerson, B. 19, 2969). 

a-CYANO-a-OXY-PROPIONIC ACID 
CH,.C(0H)(CN).C02H. Pyruvic-acid-cyanhy- 
drin. Crystals (containingEtOH) ; [161°]. Formed 
by slowly adding pyruvic acid to KCN suspended 
in boiling alcohol (Gerson, B. 19, 2963). 

OYANO-PHENOL v. Nitnle of Oxy-benzoio 
ACID. 

o-CYANO PHENYL-ACETO-NITRILE v. o» 
Cyano-bbnzyl cyanide. 

/3 - CYANO - PHENYL - /8 - AMIDO - BUTYRIC 
ETHER CH,.C(ON)(NHPh).CH,.CO,Et. Formed 



CYANO-TOLYLAMIDO-PROPIONIO ETHER. 


by the action oi, aniline upon the cyanhydrin ot 
acetoacetic ether (Sohiller-Weohsler.li.lB, 1090). 

a . CYANO -o-PHENYL - AMIDO . PROPIONIC 
BTHER CH,.C(CN)(NHPh).CO,Et. [102®]. 
Formed by digestinj' an alcoholio solution of 
«-cyano-a-oxy-propionio ether with aniline lor 
24 hrs. at 80^. Large trimetrio crystals, a:6:c 
• •7902;1‘0:1-66366 (Gerson, B. 19, 2963). 

o-CYANO-PHENYL-BUTYRONITRILE 
C„H4(0N ) .CHEt.CN . a-Ethyl- homo-o-phthalo- 

nitrile. [40®]. (294°). Formed by warming 

o-oyano-benzyl*oyanide CflH,(CN).CHj.CN with 
alcoholio NaOEt and EtI. Short thick prisms. 
By heating with cone. H.^SO^ and pouring into 
water it is converted into the imide of phenyl- 
• .CHEt.CO 

ethyl-acetio-o-carboxylio acid 1 

\C0— NH 


(Gabriel, B. 20, 2505). 

DI-CYANO DI-PHENYL-ETHANE 

CN.CHPh.CHPh.Cl^. [218°]. Crystalline solif 
Formation. — 1. reduction of di-cyano-di- 
phonyl-ethylene with sodium-amalgam. — 2. To- 
gether with di-oyano-di-phenyl-ethyiene by boil- 
ing phenyl-bromo-acetonitrile with an excess of 
alcoholic KCN (Eeimor, B. 14, 1799). 

DI.CYANO-Dl.PIIEftYL-EIHYLENE 
CN.CPh;CPh.CN. Di - cyano - stilbcne [168°]. 
Colourless plates. Insol. water, sol. hot alcohol, 
benzene, acetic acid, and CSj. Prepared by the 
action of bromine on benzyl cyanide, or from 
phenyi-bromo-acotonitrile by heating to 170°, 
or, better, by boiling with alcoholio KCN 
(Reimer, B. IH, 742 ; 14, 1798). By boiling with 
alcoholio KOII it gives diphenyl-fumaric anhy- 
dride. By reduction with zino and UCl it gives 
a compound of the constitution CibH^Nj which 
forms small needles melting at [208°]; insol. 
water, sol. alcohol. 

CYANO-PHENYL-METHYI-TBIAZOLE 

N— NPh 


.probably / \ [109°]. 

MoC-N=C(CN) 

Formed by the action of acetic anhydride upon 
di-cyan-phcnyl-hydrazine. Also by warming 

di-cyan-phenyl-hydrazine with pyruvio acid in 
alcohol : Ph.N(NHJ.C(CN):NH -h CHj.CO.CO.,H 
- O.bHbN, + HCO,H + HjO. By alcoholio KOH 
it is converted into phenyl-methyl-triazole-car- 
boxylio acid [170°] (Bladen, B. 19, 2598). 
o-CYANO-PHENYL-PROPIO-NITRILE 


CBH,(CN).CHMe.CN. a-Methyl-ho)no-o-phtJuilo- 
nitrile. [37 ’]. (285°). Large trimetrio crys- 

tals; a;6:c- •9449:1:1*0809; a = 97°2', /3 = 103°13', 
7 = 87° 11'. Prepared by warming an alcoholio 
solution of o-cyano-benzyl-cyanide (o-cyano- 
phenyl-aceto-nitrile) with KOH and methyl 
iodide. V. sol. oidiuarywolvents, si. sol. ligroin. 
By heating with cone. HjSO^ %t c. 130° and 
pouring into water it yields the imide of phenyl- 
XHMe.CO 

methyl-acetic-carboxylio acid C„H<( I . 

\CO - NH 

(Gabriel, B. 20, 2503). . 

OYANO-PHENYL-TETRAZOLE 


^N«N.CbH. 


Formed by the action of nitrous 


acid upon di- cyano -phenyl -hydrazine. On 
saponihoation it gives phenyl- tetrazole- car- 
boxylic ooid (Bladin, B. 18, 2907). 


a-CYANO-PROPIONIC ACID 
CH,.CH(CN).C02H. 

Ethyl ether EtA'. (191°). V.D. 4*34. 
From sodium cyano-acetio ether and CyCl 
(Henry, C. B. 101, 1618). Heavy oil. 

jB-Cyano-propionio acid. Amide 
CN.CH.^.CH2.C0NII^. Formed, together with 
ethylene cyanide, by digesting ethylene bromide 
with alcoholio KCy (Pinner, B. 16, 360), Prisma 
(from water). 

Cyano-propionicacid(?) 04 H,N 02 . Prepared by 
dissolving wool (1 pt.) in water by means of KOH 
(3pts.), and oxidising by KMnO, (2pt8.) (Waiik- 
lyn a. Cooper, P. M. [6] % 356). Amorphous, 
pale yellow, brittle solid (containing 1^ aq). 
Softens at 100°. V, sol. water and aloohoL 
} When strongly boated it gives off acetonitrile. 
Potash-fusion gives ethylamiue and oxalic 
acid. 

Salt 8. '-Sol. water, but not in alcohol.— 
KA'aq. — KA' 4aq. — KA' 5aq. — CaA '2 4aq (at 
100°). — BaA'^^aq (at 100°). — BaHA'^0 7aq. — 
PbA'jaq (at 100°).— MgA'^Haq.— AgA'^aq (at 
100°).— Ag,A'. 2 (OH) aq (at 100°). 

CYANO-PROPIONYL-AOETIC ETHER 
CH.Me.CO.CHCy.CO,Et. (100°) at 50 mm. From 
sodium cyano-acetic ether and propionyl chloride 
(Haller, 0. R. 100, 1083).— CaA '2 2aq : long 
needles, v. sol. water. 

DI-CYANO-PROPYL ALCOHOL 
CH^Cy.CHCy.CHpH. (151°). From allyl al- 
cohol and cyanogen (Tollens, B. 5, 021). 

CYANO-PYRIDINE v. NUrile of PyinniKii 

CAimOXYLIC ACID. 

CYANO.ftUINOLINE v. Nitrile of Quimuna 

CAKBOXYLIC ACID. 

CYANO-SDCCINIC ETHER C„n,3NO., 
CH(CN)(CO.,Et).CH 2 .CO,Et. (158°) at 14 mm. 
Formed, together with cyano-tncarballylic ether, 
by the action of sodium on cyanoacctic ether 
dissolved in alcohol, the product being decom- 
posed with chloro-acctic ether. Oil. Sol. alco- 
hol, ether, and alkalis (Waller a. Barthe, C. R. 
106, 1413).— C^H.-^NaNO.. 

CYANO-TEREPHTHALIC ACID 
C,Hj(CN)(C 02H)2. From amido - terephthallc 
acid by cuprous cyanido and nitrous acid 
(Ahrens, B. 19,1035). Amoiphous yellow mass. 
JDecomposed by boiling alkalis into trimellitio 
acid. , 

w-CYANO-o-TOLUIC ACID CJI^NO* U, 
CN.CH.2.C,H^.C02H. [110°]. From phthalide 

and alcoholio KCy (W. Wislicenus, A. 233, 102), 
Crystalline powder (from HOAo). Aqueous 
KOH gives CO.,H.CH..C«H,.COH. CaA '2 2aq. 

iS - CYANO - 3 - o -TOLYLAMIDO - BUTYRIC 
ETHER CH3.C(CN)(NHC,H,).CH2.CO.,Et. 
Formed by heating the cyanhydrin of aceto- 
acetic ether with o-toluidino (Schiller- Weohsler, 
B. 18, 1050). 

o . CYANO - a . 0 - TOLYLAMIDO - PROPIONIC 
ETHER CH,.C(CN^(NHC,H,).C02Et. [93°J. 
Formed by digesting a-cyano-o-oxy-propionic 
• ether with o-toluidino in alcoholic solution. 
Small white needles; v. sol. benzene and warm 
alcohol, si. sol. cold alcohol, insol. water (Gerson, 
B. 19, 2966). 

a • Cyano • a -p - tolylamido - propionic ether 
CH,.C(CN){NHC:H,).C 0 . 2 Et: [81°]; glistering 
spangles ; sol. alcohol and benzene, 3 I. sol. water 



SCO OYANO-TOLYI.AMIDO-PIIOPIONIC ETHER. 


Formed bjr digesting a-oyano-a-oxy-propionie 
ether in alooboJio solution with p-toluidine 
(Oerson, B. 19, 2967). 

y CYANO-VALEBIG ACID C.H.CyO, i.e. 
C4H,Cy.CO^. [96°]. Formed by heating valero- 
lactone to 290° with KON. Prisms. Sol. water, 
CHClj, and C^Hj. Gives, on saponification, 
«-methyl-glutano acid (W. Wialicenus, A. 233, 
114 ). 

CYAKPHENINB v. Cyapheninb. 

CYANPKOPIKE [116°]. S. -063 

at 23 Formed by the action of sodiam on 
butyronitrile under an extra pressure of about 
20 cm. of mercury (E. v. Moyer, J. pr. [2] 37, 
897). White prisms (from ether). 

Beactioms. — 1. Is converted by heating with 
cone. HCl to 180° into 0„H,„N.,0, [07°J, S. -007 
at 23°. — 2. Gives with bromine in an acid solu- 
tion the hydrobromide of bromocyanf»ropine from 
which ammonia liberates the base [80^]. 

Salt.-(B'HCl)jPtCl4. [97°]. Reddish-yel- 
low prisms. 

CYANURATES (metallic); and SULPHO- 
CYANDBATES (metallic). Cyanuric acid is a 
polymeride of cyanic acid HNCO ; it probably 
has the constitution (GN)3(OH)3. 

Cyanurates. Cyanuric acid is tribasic ; with 
most bases, however, it forms acid salts. Cyan- 
urates of the alkalis and alkaline earths are 
sol. water, the others are insol., or only si. sol. ; ' 
the alkali cyanurates are decomposed by heat to 
HNCO, (NHJNCO, CO„ N, and cyanate of the 
metal ; the cyanurates are decomposed by 
HjSO^Aq or HNO^Aq, giving H^NjCjO,. 

Ammonium cyanurate 
(NHJH^.NjCjOvH^O ; white lustrous prisms, 
which efiloresce in air. 

Barium cyanurates. 

(1) Ba(H2,N3C,0,)ji.2Hj0 ; obtained by adding 
BaOAq to boiling HjNjCjOjAq till slight per- 
manent pp. is formed; loses 2H,,0 at 280°. 

(2) Ba3(HNjC50,)3.3H.^0 ; crystalline pp. by 
adding boiling HjNjC.O^Aq to ammoniacal 
BaCl^Aq (Wohler, A. 62, 241). 

Calcium cyanurate. Not obtained in 
definite form (Chevallior a. Lassaigne, A. Ch. 
[8] 13, 155). 

Copper cyanurates. The normal salt 
Cu,(C,N,Oj);{.H 30 is obtained by mixing acid Mg | 
cyanurate with CuS04Aq ; \i{hen Na^CgN^OsAq is 
used the salt CuHCjNgOg.OHp is obtained (Claus 
a. Putensen, J. pr. [2] 38, *208). C. a. P. also 
obtained the basic salt (CuOH),.C,N,0,.3H,0. 
The following ammnnio-copper cyanurates are 
described: Cu(HN,C,0,).2NH3.H30 (W., Z.c.); 
Cu(H,N,CA)r2NH, (Wiedemann, P. 74, 73) ; 
Cu(H,N,0,0,)-aJ^*H, wh ere a; » 3 and 4, and the 
add salt Cu(H,N,C,0,).HgN3C30,.NH3.H,0 (C. a. 
P., Z.C.). 

Lead cyanurate Pb{HN,C30,),3Hj0 ; pp. 
obtained in microscopic prisms by dropping ex- 
cess of basic Pb acetate i^o boiling H^NjC^OiAq; 
decomposed to (NHJOl^ CO(NHJj, and Pb by 
beating, in H (W., l.o.). 

Potassium cyanurates. (1) KH,N,C,Oa; 
by adding HClAq to crude K cyanate solution ; I 
diflScultly sol. water (Liebig a. Wohler, P. 20, 369; 
Campbell, A. 28, 62). (2) KaHNsC^O, ; by adding 
alcohol to solution of the first salt, in presence 
of KQH ; decomposed by water to liOH and the 
diliydrogen salt (L. a. W., IjO,), j 


I Silver cyanurates. (1) AgjHNj0,O^ ; pp, 
obtained by adding oyaimrio acid to silver acetate 
I in acetic acid (W., l.c.). (2) AgjCjNjOj ; by add- 
ing hot AgNOjAq to hot HsNjCjO, in NHjAq, 
and drying pp. at 300° (Liebig, A. 26, 123 ; De- 
bus, A. 72, 20 ; cf. WOhler, A. 62, 241). 

Silver -ammonium cyanurates. 

(1) Ag3HN,Cj,03.2NH5 ; formed by digesting the 
first Ag salt with NH,Aq ; loses all NH, on heat- 
ing. (2) Another salt is described by Liebig 
(.4. 26, 123 ; cf. Wdhlor, A. 62, 241), probably 

Ag,C3N303.(NH4)3C3N30s.Ha0. 

Silv er -potas sium uxid silver-lead cy- 
anurates. By boiling triargentio cyanurate with 
KOHAq a salt is formed, probably AglfCsN^Oj 
(W., I.C.). By boiling Pb cyanurate with excess 
of AgNOjAq, the salt AgjPb(C3Nj,0,)3.2Hj0 is 
produced (W., l.c.). 

Sodium cyanurate NaaCsNjO,; fine 
needles; separates on adding excess of hot 
NaOHAq to cone. HjCsNaOjAq (Hofmann, B. 3, 
770). e 

SuLPriocYANDRATRS (Hofmann, B. 18, 2190). 
Salts of sulphocyanunc acid, HjCjNjS,. For 
an account of sulphocyanuric acui v. Cyanic 
(scLPHo) ACID and Polymekides, p. 303. 

Sodium sulphocyanurate 
NaHjCaNgSs ; large crystals, e. sol. water ; 
formed by digesting Na^S with methyl sulpho- 
cyanurate. Sulphocyanurates of Cu, Pb, Li, K, 
and Ag are described. 

Disulpiiocyanides (Fleischer, A. 179, 204). 
Salts of dmdphocyanic acid HjSaCjNj [q. v, 
p. 303, under Cyanic (sdlpiio) acid and polymer- 
ides). 

Potassium disulphocyanide 
K.SjC^N^.IID ; oblained by adding an alcoholic 
solution of KOH to persulphocyaiiic acid, 
H^C,_.N.^S„ and pressing the crystals which sepa- 
rate. Yellow monoclinic prisms; insol. absolute 
j alcohol ; v. sol. water ; solution in water changes, 

I quickly when heated, to K sulphocytinide. The 
other salts described by Fleischer {l.c.) are 
BaS4CjN,.2H30 ; v. soluble, white rhombic 
prisms ; CnSjC^Nj, brown -red pp. insol, dilute 
acids; PhS^C.^Nj, citron-yellow pp. not acted 
on by dilute acids ; Ag^SjCjN^, green pp^j 
AgKS^C^N^, yellow, crystalline. 

M. M. P. M. 

CYANURIC ACID v. p. 319. 

CYANURIC BROMIDE v. p. 320. 

CYANURIC CHLORIDE v. p. 319. 

CYANUROMALIC ACID CJIaN^O^. An un- 
stable crystalline body formed by dissolving the 
cyanide of barbituric acid (q. v.) in aqueous KOH 
(Nencki, B. 5, 887). 

CYAPHENINE (CJH^N), i.e. Cy,Ph,. [230°]. 
(above 350°). 

Formation. — 1. By heating benzoyl chloride 
with KNCO (Cloez, A. 116, 27).~2. By heating 
benzonitrile oromide alone or with lime (Engler, 
A. 133, 146).— 8. From benzonitrile and Na 
(Hofmann, B. 1, 194).— 4. Traces are got from 
benzamide and COCl, (E. Schmidt, J. pr. [2] 6, 
35). 6. From benzonitrile and ZnEtj, the pro- 
duct being treated w^h alcohol and then with HCl 
(Frankland a. Evans, C. J. 37, 664). — 6. From 
Cy,Cl„ bromo-benzene dissolved in ether, and 
sodium (Klason, J. pr. [2] 35, 82), Cy,ClPh, [186^=^ 
being the chief product. 

Preparation.— 10 g. oi benzonitrile ore added 



CYMENE. 


rraclualJy to 50 g. of uliglitly faming H2SO4, kept 
lold. After 48 hours thf liquid is slowly poured 
nto*300 00. water. The ppd. oyaphenine, after 
vashinff with water and alcohol, weighs 1*1 g. 
A.' Pinner, J. pr. [2] 30, 126 ; B. 11. 764). * 

' Properties. — White branching crystals. Insol. 
srater, v. si. sol. alcohol and ether. Not affected 
by boiling KOH or HOI. ctena 

Reactions.— Uenied in a sealed tube at 250 
i?ith cono. HCl it is entirely converted into 
benzoic acid and NH, (F. a. E.). 

CYCLAMIIf C,„H„0„(?) [^6°]- ,W» 

«— 11°40' (in alcohol) (Michaud, 6.0. loo/, 
1397); «-16°10' (Sachsse). Occurs in the 
roots of Cyclamen eufopretm and perhaps also of 
cowslips i^Prinudin') (De Luca, Gimento nuuvo, 
6 225 ; 8, 182 ; G. 2, 556 ; Martius, BiichmPs 
2/ Revert. 8, 388 ; Mutschler, A. 185, 214 ; 
Fl’iickiger, Ph. [3] 8, 488). White amorphous 
substance (from alcohol). Irritates the throat. 
V. sol. boiling alcohol, insol. ether, chloroform, 
CS,,, and alkalis. !kbsorbs water from moist 
air,^*8welling up ; slowly dissolves in water. The 
aqueous solution froths like soap, and is coagu- 
lated by heating. In contact with water it 
slowly decomposes forming glucose and inannito 
(Do Luca, C. R. SI, 297). Aqueous HCl coagu- 
lates it and, at 80 ^ forms sugar. IIOAc dis- 
solves it and does not coagulate it on heating. 
It gives a white pp. with Fohling’s solution, but 
does not reduce it even when hot. Cone. 11^804 
forms a rod solution ; on diluting with water 
glucose remains in solution,^ and there is ppd. 
white amorphous cyclamlretin 0,5lL^_,0, [198°]. 
Chlorine water forms ‘cyclamicacid ’0„H,,0.,(?) 

. , , !• > rt U XTA 


HNO, forms ‘chrysolin ’ CuH^iNOj. 

CYCLOPIC ACID C-H^O^. Occurs m the 
loaves of Cyclopia Vogelii (Cape Tea), ihe 
aqueous decoction is digested with Pb(OH).2, the 
lead compound suspended in dilute (50 p.c.) al- 
cohol, and decomposed by ILS. Tho filtrate is 
concentrated and mixed with alcohol and ether. 
Cyclopin is ppd.; cyclopic acid is obtained by 
evaporating the filtrate (Church, C. N. 22, 2; 
Ph. [3] 11, 693; Greenish, Ph. [3] 11, 5(>9). 
Yellow needles, sol. water, insol. alcohol, ether, 
and CSj. Aqueous alkalis form a yellow solution 
with green fluorescence. FeClj gives a green 
colour, becoming brown on heating. Cupric ace- 
tate gives a grey pp. KjCrjO^ and HCl give a 
dark brownish -red colour. 

Cyclopin C.^jH^bO,, aq. Obtained as above. 
Red substance, v. sol. water, insol. benzene, CS^, 
ether, CHCl,, and ligroin. Its aqueous solution 
decomposes on standing into glucose and cyolo- 
pin-red. KOH gives a brownish-red solution 
with green fluorescence. .FcCl, gives an olive- 
green colour turned yellow by HCl and brown 
by NH,. Ppts. salts of Cu, Pb, and Ag. 

Cyolopin-red CjgH^jOio. Formed as aijoje- 
SI. sol. water, ether, and benzene, v. sol. alcohol 
(when freshly ppd.). Alkalis dissolve it, forming 
red solutions. FeClj gives a brown colour. 
CaCl, or alum followed by NH, gives a violet pp. 

CYCLOTHRATJSTIC ACID C^H.-^N-P, ^.c. 

[2:l]CO,H.OaH4.NH.CO.CBH,N[Pi/.3]. [262°]. 

Formation, — a-Diquinoline is oxidised by 
KMn04 in presence of hot cono. AcOH. 
pp. is filtered and digested with SO, until all the 
MnO, is converted into sulphate. After filtering 
iigaiti and well washing with hot water, the acid 


SOI 

is dissolved in KOH. Tho R salt is decompusod 
with weak H,2S04, washed, dried, rocrystalUsed 
from boiling xylene, and decolourised with 
animal charqoal. 

Preparation. — By heating dry anthranilio 
and quinaldinio acids together to 180° (Weidel 
a. Wilhelm, M. 8, 197). 

Properties.— White woolly needles; insol. 
water, v. si. sol. hot EtHO, Et^O, CHC1„ 0,H„ 
and xylene ; v. sol. hot AcOH and HCl. 

Salts.— A'jCadaq : yellow flakes. — A',Baaq, 
Reactions. — 1. With Ac.^O it forms an anhy- 
dride C,,H,oN.. 02 [196°], crystallising in long 
colourless needles. — 2. KMn04 in alkaline solu- 
tionoxidisesitto‘pyridanthrilicacid’C,jH,oN,0„ 
in acetic acid solution quinaldinic, a-oxyisocin- 
cliomeronic, and anthranilic acids are formed 
(Weidel a. Strache, M. 7, 285). 

CYMENL C,oH,, i.e. C,H4MePr[l:4]. p-Pro- 
pyUoliuine. Mol. w. 134. (175°). V.D. 4'63 
(calc. 4-65). S.G. ^ *804 (Schiff, A. 220, 94) ; 

2i' -8569 (Bruhl, A. 235, 19). C.E. (9-8 to 
17.V4") -001159 (S.). M, 1*494 (B.). fij, 1-484 
((iladstone, G. J. 49, 623). H.C. 1401609 
(C, 02 = 94; H„ 0 = 09) (Stohmann, J. pr. [2] 
35, 41). S.V. 184-5 (Schiff) ; 181-62 (Ramsay). 

Occurrence. — In the volatile oil of cumin 
(from Cuminum Cyminum) ; in the seeds of the 
water-hemlock (Cicuta virosa) ; in the oil of 
thyme; in oil of Ptychotis Ajowan; in Euca- 
lyptus oil ; and (to the extent of 6 p.c.) in oil of 
lemons (Gerhardt a. Cahours, A. Ch. [3] 1, 102, 
372 ; A. 38, 101, 345 ; Trapp, A. 108, 386 ; Lalle- 
mand, A. Ch. [3] 49, 150 ; Haines, C. J. 8, 289 ; 
H. Muller, B. 2, 130; Faust a. Horaeyer, B. 7, 
1429 ; Ar. Ph. [3] 5, 385 ; Beilstein a. Kupffer, 
B. 0, 1181 ; A. 170, 282 ; Fittica, A. 172, 303 ; 
Tilden, Ph. [3] 9, 054). 

Formation.— 1. By the dehydration of cam- 
phor by means of ZnCl,, P^S,, or PCI, 

(Gerhardt, A. 48, 234; Delalande, A. 38, 342; 
Pott, B. 2, 121 ; Fittig, Itobrioh, a. Jilko, A. 
145, 129 ; Wright, C. J. 20, 086; Beckett a. 
Wright, C. J. 29, 1).— 2. By heating dibromides 
of terpcncs with aniline (Oppenheim, 

B. 5, 94, 028).— 3. By distilling crystallised 
terpin hydrate with Br (Barbier, C. R> 74, 194). 
4. From thymol and PoS^. — 5. From oil of tur- 
pentine and iodine»(Kckul6 a. Bruylants, B. 6, 
437) or chlorine (Naudin, Bl. [2] 37, 

6. From oil of turpentine and H.,S04 or ELSO, 
(lliban, Bl. [2] 20. 100, 244; Wright, C. J. 26, 
700 ; G. N. 29, 41 ; Paternb, O. 4, 113 ; Bru^re, 
G. R. 90, 1428; Richter, D. 6, 1257).— 7. From 
absinthol and PjS, (Faust a. Homeycr, B, 7, 
1427 -, Graebe, B. 6, 680 ; Beilstein a. Kupffer, 
A. 170, 282).— 8. From mentbene G,„H,b and Br 
(Wright, 0. J. 29, 1). — 9. By boiling ouminio 
alcohol with zinc-dust (Kraut, A. 192, 224).— 
10. From p-bromo-toluene, n-propyl-bromide, 
and sodium (Fittig, Schaffer, a. Kbnig, A. 149, 
334; Fittica, A. 172, 320; Jacobsen, P. U. 
3049), — 11, According to Bouchardat (G. it. 90, 
1560), cymene may be obtained from valerylene 
(derived from amyl alcohol) by heating it to 
and treating the resulting divalerylene 0,flH,B 
with Br in CS,.~12. By passing steam into 
oymene-sulphonio acid dissolved in diluted H^SO^ 
hydrolysis begins at 130° (Armstrong a. Miller» 
C. J. 45, 148;. 
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Spsetrum . — Absorption bands in ultra-violet, 
a narrow one at oadmi uni -line 17, and a broad 
band between Cd 17 and Cd 18. The first bund 
enables the presence of cymone in essential oils 
to be detected and estimated, for it is visible 
when diluted with 20,000 volumes of alcohol, and 
examined in a column 15 mm. long (Hartley, 
C. J. 87, 076). 

Reactions,— 1. HjSO^ and KaCr.Oj give tere- 
phthalio acid.— 2. Oxidised by air, in presence 
of aqueous NaOH, to cuminio acid. In this re- 
action Pr changes to Pr. — 3. The urine of animals 
who have been given doses of cymene contunis 
cuminurio acid, together with small quantities 
of cuminio acid (Jacobson, B. 12, 1612 ; cf. 
Nencki a. Ziegler, B. 6, 749). Here, also, n-pro- 
pyl becomes isopropyl. — 4. KMnO, gives oxy- 
isopropyl-benzoic acid [c. ISB'^], as well as tere- 
phthalio acid (Remaen a. Emerson, Am. 8, 2G7). 
5. HNO, formsp-tolyl methyl ketope andp-toluic 
acid. HNO, containing nitrous fumes forms 
* ^-nitrocymene ’ C,jH,aN..O, [125°] (Holleman, 
n, T. C. 6, GO).— 6. Converted by Al,Ci« at 150° 
into toluene and other products (Anschiitz, A. 
285, 191). Liquid compounds (0,„H,4).,ALC1^ and 
(CiaHjJjAljBra may be prepared (Gustavson, J. 
JR. 11, 81). AljBr^, in presence of Br, ultimately 
forma penta-bromo-toluene and isopropyl bromide 
(Gustavson, B. 10, 1101). In this reaction the 
PrBr first formed is changed by the Al^Br^ into 
PrBr.— 7. By the action of CrO.^Cli, and treat- 
ment of the compound with water, it gives ]>' 
tolyl-propionic aldehyde (Richter a. Schdehner, 
H. 17, 1931 ; cf, Etard, B. 16, 2021 ; A. Ch. [5j 
22, 258). 

Cymene hexahydride (172°). 

S.G. ^ ’812. Occurs in oil of lesiii (Renard, 

A. Ch. [G] 1, 230), 

o.<J3rmon0 C„n^PrMe[l:2]. o-Propyl-tohirne. 
(182° uncor.). From n-propyl bromide, o-brorno- 
toluene, and sodium (Claus a. Hausen, B. 13, 
897). 

m-Cymene CjH^PrMe[l:3]. m-PropyV tolueni\ 
(177®). S.G. ^ From m-bromo-toliiene, 

n-propyl bromide, and sodium (Claus a. Stubser, 
JB. 13, 899), 

tn-Isocymene C,H,MePr [1:3], (175°). S.G. 
•865. Occurs in the essential oil obtained by 
distilling resin of fir trees (Kelbe, A. 210, 1 ; 
Benard, A. Ch. [GJ 1, 249), Formed from 
toluene, isopropyl iodide tmd AljCl^ (Kelbe, A. 
210, 1). Formed also, together with ordinary 
cymene, by the dehydration of camphor (Spicu, 
O. 12, 643 ; Armstrong a. Miller, B. 16, 2268 j. 

Preparation. — Essence of resin is washed 
with aqueous NaOH (to remove phenolb}, distilled 
with steam, shaken with dilute and afterwards 
with cono. H^SO^ in the cold, washed again with 
NaOH and distilled wdth steam. It is then 
solphonatefi with a mixture of H^SO, (4 pts.), 
and fuming H2SO4 (1 pt.) at 90°. The sodium 
salt of the lld-oymene sulphonic acid is decom- 
posed by heating with tone. HCl for two days at 
186°, and the Bberated cymene distilled over 
with steam (Kelbe a. Wartli, A. 221, 158). 

Reactions. — 1. Oxidised by chromic acid or 
permanganate to isophthalic acid (Zeigler a. 
Kelbe, B. 13, 1399).— 2. Dilute HNO, forms 
m-toluio acid or aldehyde. Fuming HNO^ forms 
A-tri-nitro- derivative [72®j. — 8. CrOjCi, forms a 


ohocolato-brown powder whence water liberates 
w-toluio acid. 

p-Isooymene C^H4Merr [1;4]. (173°). S.G. 
•8G9; ’862. From jp-bromo-oumene, Mel, and 

sodium (Jacobsen, B. 12, 429 ; R. Meyer, A. 220, 
27), or from isopropyl chloride, toluene, and 
AI,CI„ (Silva, Bl. [2] 43, 321). 

CYMENE-AZ0-C7MENE v. Azo- coMPouxna. 
CYMENE-CARBOXYLIC ACID 
C„H.,MePrCOaH. [03°]. Prepared by fusing the 
amiiio with potash, or preferably by heating it 
with concentrated hydrochloric acid at 180°. 
Crystallises in slender needles isomeric with 
Rossi’s liomo-cuminic acid (Patern6 a. Spica, 

G. 9, 400). 

C,H,MoPr.CCasMI,. [139°]. Formed 
from potassium cymene siilphonate by fusing 
with KCy and treating the resulting crude nitrilo 
with alcoholic KOH (Paternb a. Fileli, G. 6, 30). 
Needles, si. sol. cold water, v. sol. alcohol and 
ether. 

m- Cymene carboxylic acid CuH,MePr(C0.4H) 
[2:6:1]. [75°]. From thewiitrile which is formed 
from tri-c irvncryl phosphate and KCy (Kreysler, 

B. 18, 171 i). Needles (from dilute alcohol). V. 
si. sol. cold \.'at('r. — AgA'. 

Nitrile C..H,MePrCN. (245°). 

CYMENE S.-LPHINIC ACID 

C, H,MePr(SOan) [1:4:2]. From cymene Bill- 
plionio chloride, winter, and zinc-dust. Syrup 
(Berger, B. 10, 977).— K V 3iaq.— AgA'. 

CYMENE (a)-SULVl£0NIC ACID 
CJI,MePr(S03H) [l:l:2j. Formed, together wilh 
the (i8)-iboineridc, by shaking cymene with cone. 
II., SO, or CISO.,H at 00 ‘ (Gerhardt a. Cahours, 
a' Ch. [3] 1, lOG ; Delalande, A. Ch. [3] 1, 368 ; 

H. Muller, B. 2, 130; Jaeelisen, B. 11, lOGO ; 
Claus a. Cratz, B. 13, 901 ; 1 1, 2141 ; Spica, G. 
11, 201; B. 14, 652; Sievcl.n-g, .4. lOG, 2G0 ; 
Beilstein, A. 170,287; Pateni B. 7, 691; G, 
3. 644; Kraut, A. 192,220; B,.ur, A. 220, 18). 
Also formed by dobromination of bromo-cymene 
sulphonic acid obtained from cymidine (Wid- 
mann, B. 19, 249). 

Tables (from dilute H^SO^). The crystals 
contain 2aq and melt at 51° (S.) or 79° (C.) ; 
when anhydrous they melt at 220° (C.). Tlie 
K salt 13 oxidised by KMnO, to oxy-isopropyl-sul- 
pho-bcnzoic acid CJI,(CO,H)(SO,H).CMe.d01I). 
JlNOj forms sulpho-p-toluic acid. Potash-fusion 
forms carvacrol. By treatment in aqueous solu- 
tion with bromine it yields broino-cymene 
C,II,PrMoBr[4:l:2] and brnino-cymeno-sulphonio 
acid (;.ll,PrMcBr(S03H)[4:l:5:2J (Kelbe a. Kosch- 
mtzsky, ‘B. 19, 1730). 

Salts. -KA'aq.—NaA'3aq (Patern6, Q. 8, 
291).— NaA' 5aci.— BaA'., 3aq. S. (of BaA'A 2*6 
at 12° (S.). Pointed leaflets, crystallising readily ; 
m. sol. 90 p.c. alcolioh— CaA',j 2aq: monoolinic 
crystals, a:t:c = 1374:1:1'124 ; B-95° 13' (Jero- 
fejeff, A. 170, 297). -PbA', 3aq. S. (of PbA'j) 1-3 
to 1*9. — NiA'2 5aq. 

Amide C„H3MePr(S02NH.). [112»J (J.) ; 
[116°] (Kelbe, B. 19, 1969).— 
CaHaMePrCSO.^NHAg) (Berger, B. 10, 976). 

Benzoyl-amide C„HaMePr (SO^NHBz), 
[153°] (WolkolT, R. 5, 142). 

Cymene (/3) -sulphonic acid C„HaMePr(SO,n) 
[1:4:3J. [131°). Fonned, in small quantity, in 
the Bulphonation of cymene (Claus a. Cratz, JB. 
13, 901 ; 11,21 11). Formed also by debromimi* 
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nn of bromo cymene sulphonio acid fRemsen 
Dav Am 6, ir)4; v. aZao Kelbe a. Koschmtzky, 

' 1? 1730 ; Claua a. Christ, B. 19. 2166). Gra- 
des’; extremely sol. water, sol. alcohol, insol. 

^ Salt 8. — NaA'aq. — KA' aq. — CaA'jjraq. — - 
;aA'.3aq (over H,SO,). Gelatinous; v. e. sol. 
rftteJ, sol. alcohol.--PbA',8aq : amorphous, v.e. 
n\ water. — CuA'., aq. 

Amide C,H,McPr.SO,NH,. [148"]. ^ 

o-Cymene (a) -sulphonio acid C^HjMePr^SOg^ 
1-2'x]. Formed, together with the following, by 
dphonating o-cymene, esnecially at low tempo- 
atures (Claus a. Hansen,Vl. 13, 897).-- KA |aq. 
3aA a(i : stellate groups of 

o-Cymene (j3)-sulphonic acid CJl.,Mel r{&OsH) 
l;2:a:]. Formed as above. — BaA'.^xaq: gelati- 
lous mass, v. e. sol. water. 

Amide. Very slender needles (from water). 
w-Cymene (a)-sulphonic acid 
D H,MePr(SO.,H) [l;3:a;]. Formed , together with 
the (fl)-isomeride, bs warming w-cymene with 
tone. H,SO. (Clttus ft. Stusser, B. Vi, 899).- 
KA'.— CaA'«2aq.— BaA'.^aq; lammue. S.(ofBaA2) 

•43 at 17".— PbA'-^Baq.— CuA'-^daq. 

m-Cymene (3) -sulphonio acid 
aH,MeEr(SO,II) [l;S;a:]. Foraioa as fbove.- 
BftV. aq needles. S. (of BaA. 2) d*83 at 16 . 

m-Isocymene (a) -sul phonic acid 
C,H3MePr(SO,,H) [1:3:6]. [H9"]. Formea, to- 

gether with the (3)-isomende 
cymene with cone. 11.^804 (Kelbo, A. 210, 30 , J . 
15 39 ; Spica, 0. 12, 487, 546). Deliquescent 
micaceous leaticts. Br in the cold gives bromo- 
isocymene sulphoriic acid, but at 40 it forms 
(0,1,3) -brorao-isocyraene. KOH and KMUO4 gives 

oxy-isopropyl-sulpho-benzoic acid. 

S a I t 8.-NaA' lup-K A' 3aq.-K A' (Armstrong 
a. Miller, B. 16,225B).-BaA',aq : pearly plates, 
v. si. sol. cold, si. sol. hot, water. 8. *37 (bpica). 
BaA',: plates (Boner, A. 220, 2 

S. 1*3 at 22? (Spica).— CuA'2 2aq.— CuA.i4aq.— 

C.H,MePr.S02NH, [73»] (K.); [75°] 
(S.). Laminffi, si. sol. boiling water. 

m-Isocymene (j3)-Bulphonic acid 
C.H,MoPr(SO,II) [1:3:4]. , . 

Formation.— 1. By sulphonation of isocy- 
mPue.— 2. By sulphonation of (a)-bromo-isocy. 
mene and removal of the Br by sodium amalgam 
(Kelbe a. Czarnomski, B. 17, 1746 ; A. 235, 28 j). 

Salts.— NaA' Baip-BaA'., 8aq : laminte, v. e. 
Bol. water. — CaA'.^ 5iaq.— CuA'-^S’^aq.— PbA ^Saq. 
Amide C,oH, 3(SO.,NH.2) [162"]. 
n-Iso-oymene (o) -sulphonio acid 
CJl3MePr(S08H) [1:4:2]. From iso-oymene and 
H,S04, together with the (/3).isomoride (Jacobsen, 

B. 12, 431). KOH and potassium permanganate 
converts it into oxy-propyl-sulphqfbenzoio acid 
CJi3(CO,H)(C(OH)Me.2)SO,H (B. Meyer a. H. 
Boner, A. 220, 30). Potash-fusion gives oxy- 
terephthalio acid and oxy-cumiiiio acid [88 ]. 

Salts .— BaA'j aq : slender needles. S. 4-28 
at 0".— CnA',4aq: blue leaflets. 

Amide C«H3MePr(S0.2NH.2). [98"]. 
p-Isocymene (j3) -sulphonio acid 

C, H,MePr(S03H). Formed as above. Its Ba 
Balt is extremely soluble in water. 

Amide C„ri,MePr(SO,2NHJ. 

Cymene dieulphonic acid 0«HjMePr(SOjH)a. 
From cymene and fuming HjSO* (Krauti A. 192» 


226).— BaA" aq : v. e. sol. water (Claus, B. 14, 
2140). 

m-iso-CYMENOL C.H,,PrMe(OH) [4:2:1]. 
Methyl-isop-opyl-piienol vt-isocyimplienol. 
(231°). Boo 1*^2* From m-isooymene sulphonio 
acid (1 pt.) by fusion with KOH (6 pts.) (Kelbe, 

A. 210, 40). Liquid, smelling like thymol. 
Gives a violet colour with FeOl,. By KOH 
fusion it is converted into o-oxy-isophthalic acid 
and |).cuminol-carboxylio acid C,H,Pr(OH)COjH 

^ Benzoyl derivative 08H,PrMe(OBz). 
[73°]. Monoclinio crystals; a:6:c = •52:1:‘82; 

B ** 82" 17'« 

Methyl ether C|,HjPrMe(OMe) : (217“). 
Ethyl ether C.H.PrMe(OEt) : (224“). 

Tri - bromo -derivative C8BrqPrMe(Oxl) • 

[222°]; plates (Jesurun, B. 19, 1413). 

Isomerides: Cakvacbol and Thymol. 
w-wo-CVMENOL-CABBOXYLIC ACID 
C8H,PrMc(0H)C0.H [1:3:4:5]. Cymetwtic acid. 
[147*°]. I’ormed by the action of CO.^ upon 
sodium w-iso-cyraenol (m-isopropyl-phenol). 
Long slender needles (from hot water). SI. sol. 
hot water, nearly insol. cold water. Fe-^Cl* pro- 
duces a bluish-violet colouration. , u * 

Salts.— AgA': small needles, m. sol. not 
water.— BaA', 4aq : needles, v. sol. alcohol. 

Methyl ether A'Mo: [148"] : short needles 
(from alcohol) (Jesurun, B. 19, 1414). 

Isomerides : Carvacbotio and Thymotio 
ACIDS. 

CYMIDINE C,n,(C3H,)(CH,)NH2 [f;l;3]. 

Preparation. — Nitro-cymylcne-dichlonde 
C1L(C3H,)(N0,)(CHC1.2), obtained by the action 
of PClj on nitrocuminic aldehyde, is reduced with 
zinc and HCl. , . . 

Properties.— Colourless oil. Volatile with 
steam. Sol. alcohol and ether. Stable towards 
oxidising agents. By nitrous acid it is converted 

“‘s‘au“-B’HCl: Bne necaie8.-(B'HCl).PtCl.: 
sparingly soluble yellow needles. B'jH.2S04 2 j aq . 
small white needles, si. sol. cold water. 

Acetyl derivative, [about 112 ]. White 
needles (Widman, B. 15, 1G7 ; 21, 212b ; cf. Bar- 
low, A. 98, 248 ; P. M. [4] 10, 454). 

Cymidine C.H^PrMej^NH,) From 

(2,4,1) -nitro-oyraene (Lodeibaum, x>. 21, iiAt). 
-B'HCl.— B'^H^SO^aq. 

m-Iiocymidine C.H.PrMe(NH,) [3;W“6]- 
(233°). I’rom nitro-iso-cymene (Kelbe a. vVartn 
A 221, 163). Yellowish oil. V. si. sol. water, 
v.'sol. alcohol, light petroleum, or benzene. 
SaltB.-B',H,S04. SI. sol. water.-B HAO*. 
Acetyl derivative CjHjPrMeNHAa 

derivative O.H,PtMeNHB». 

... 

Phthalyl derivative 
C8H4C,0*NC8H,PrMe. [146°]. ,, 

(?n)-CYMIDINE-SlILPH0NI0 ACID 
C.Hy(C.H,)(NH.)lSO.Hri:4;3:6]. Formed by 
boating cymidine with fuming H2SO4. Thin 
glistening colourless plates or prismatio needles. 
V. si. sol. cold water. Insol. alcohol. Is pr» 
hftblv a n-nropyl-derivative, since by treat- 
ment of tho^ diazo- compound with HBr and 
debromination it gives rise to the aoljgw- 
nio acid of n-oymeno. The eorrespondtim 
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/SO, I 

Diaeo- compound C^IIjMclX I forms 
\N, 

small white needles, ▼, e. sol. water, si. sol. 
alcohol, insol. ether. By warming with absolute 
alcohol it is converted into the sulphouio acid of 
the ethyl-ether of thymol (Widmann,B. 19, 246) 

Iscoymidine snlphonio acid 
OJB!,Me^hr(NHJ (SO,H). From amido-iso-oymene 
and fuming (Eelbe a. Warth, A. 221, 177). 

S alt. — BaA'.j. 

CYMINTL. Also called Cymyl (n. v.). 

CYM0PHE»0L V. Cymenol. 

CYMOFH£lffON£ u. Phenyl cymyl ketone. 

CYMYI. The radicle O.H,Me(C 3 H;). Its 
derivatives are described below ; see also Cauva- | 
CBYL and Thymyl compounds. Cuminyl ; 
C,H,(C 3 H 7 )CEL, is isomeric with cymyl. j 

OYMYLAUINE v. Thymylamine and Carva- 

CHYLAMTNE. « j 

ISOCYMYI^CAEBAMIC ETHEE 1 

C,H,PrMeNH.CO,Et. [229^]. From ClCO.Et 
and amido-iso-cymene. Slender needles (from 
alcohol). 

ISOCYMYL CAEBAMINE C,H,PrMeNC. 
From amido-iso-oymene, KOH, CIICI,, and al- 
cohol (Eelbe a. Warth, A. 221, 170). Oil of very 
nasty odour, nearly inaol. water, sol. alcohol, 
ether, and benzene. Can be distilled with steam, 
but not alone ut ordinary pressure. 

DI-CYMYL ETHYLENE DIEETONE 
(CjHjMePr.COj^C.^H,. (c. 320®). From cymene, 
succinyl chloride, and AlCl^ (Claus, B, 20, 
1878). 

ISOCYMYL ETHYL GUANIDINE 

C,H,FrMeNH.C(NH).NHEt. 

From C.H,PrMoNH.CS.NHEt, alcoholic Nil,, 
and PbO (E. a. W.). Gummy mass. 

Trihemoyl derivative 
C»H,FrMeNBzC.(NBz)^BzEt. [1C5®]. Needles 
(from alcohol). 

CYMYL ETHYL EETONE CARBOXYLIC 
ACID C,H,(C,H,)Me.CO,CH,.CH,.CO,II. From 
cymene, suocinyl cliloride, CS^,and Al^Cl, (Claus, 
B. 20, 1378).— PbAV 

ISOCYMYL ETHYL THIO-UEEA 
GJ3,FrMeNH.CS.NHEt. MethyUiso-propyh 
phenyUthio-ethyl’Urea, Formed by heating 
amido-iso-cymene with ethyl-mustard oil. An 
amorphous gummy mass (K. a. W.). 

CYMYL METHYL EETONE 
OHj.CO.CjHjMePr [l:2:0j. (218®). From cymene, 
AoGl, and AlCl, (Claus, B. 19, 232). 

DMSOCYMYL THIO-UEEA 
(G,H 3 PrMeNH) 2 CS. [160°j. From amido-iso- 
oymene and OS, in a sealed tube at 100® 
(K. a. W.). Slender needles (from alcohol). 

ISOCYMYL - UEEA NHj.CO.NU.C.HjPrMo. 
Eso-meiJiyUeso-iso-propyUphenyl-urea. [170°]. 
From ENCO and amido-iso-cymene sulphate 
(Eelbe a. Warth, A. 221, 171). Matted glittering 
needles (from water). 

Di-isooymyl-nrea QO (Nn.C,iH,PrMe),. From 
GOCl, and amido-iso-cymene in ether. Slender 
needles (from alcohol). < 

CYHAHCHOL. A crystalline substance ex- 
Irooted by Butlerow (A. 180, 349) from Cynan- j 
chum acutum, a creeping plant growing near | 
the Oxus, and said to poison camels. According | 
to Hesse (A. 182, 103) it is a mixture of cynan- 
«bocerin [UO®] and oynanohin [149°j. ' 


CYNAPIHE. A reddish -yellow oil with power- 
fill odour, oontaiiiod in the seeds of fooPs parsley 
(JBthusa Cynapium)ryrhcnce it may be extracted 
by distilling with milk of lime. Strongly alkaline 
in reaction (Ficinus, Mag. Pharm. 20, 307; Bern- 
hardt, Ar. Ph. [3] 16, 117). 

CYNENE V. CiNENK. 

CTNEOL V. CiNEOL. 

CYNUEENIC ACID is Oxy-quinolinjc cab* 
boxylic acid (q. v.). 

CYNUEIC ACID C^H^NOj i.e, 
CO,H.CbH,.CO.CO.^. Oxaloxyl-o-amido-bcnzoic 
acid. [189®]. S. 1T2 at 10®. i’ormed by oxi- 
dising cynurenio acid, acetyl-quinoline tetra- 
hydiide, or carbostyrij^ by alkaline KMnO, 
(Kretschy, M. 4, 157 ; Fnedlander a. Ostermaier, 
B. 15, 332). Formed also by heating dry oxalio 
acid with o-amido-benzoic acid at 130® (Kretschy 
M. 5, 21). Needles (from ether). Fe,Clj, colours 
its aqueous solution crimson. Boiling acids and 
alkalis split it up into oxalic and o-amido- 
benzoic acids. 

I Salt s.- KH A'^Uq.-]NH AA".— BaH,A'>q. 

BaA" aq. — CaA" 2.jaq. — Cu,A"”0 4aq. — Ag,A". 

E thyl ether [181®]. From indoxylio 

i ether and chromic mixture (Baeyer, B. 16, 778). 

; Needles (from alcohol). 

I CYSTEiN C,U,NSO, i.e. 

' CIlj.C(NH,)(SH).CO,H. Prepared by adding 
tin to a solution of cystin in hydrochloric acid 
(Baumann, 11. 8, 299). Crystalline powder, sol. 
water, ammonia, and acids. The aqueous solu- 
tion is oxidised to cystin even by the air. 

CYSTIN C,H„N,S.A S(CMe(NH.,).CO,H),. 
[a]„* -200® in 11 p.c. HClAq (Mauthner, H. 7, 
225) ; [a]j - - 142® in NH^Aq (Kulz, Z. B. 20, 1). 
Occasionally occurs as urinary calculus or sedi- 
' mont (Wollaston, P. 7'. 1810, 223 ; Golding Bird, 
Tieatise on Urinary Concretions; Toel, A. 96, 
247 ; Lassaigne, A. Ch. [2] 23, 328 ; Baudrimont 
a. Malaguti, J. Ph. 24, 633 ; Thaulow, A. 27, 
197 ; Marchand, J. pr. 16, 264 ; JRobert, J. Ph. 
7, 105 ; 0. Henry, J. Ph. 23, 11 ; Taylor, P. M. 

' [3] 12, 337; Niemann, A. 187, 101; Udranszky 
a. Baumann, B. 21, 2744). Found also in the 
kidneys of the ox (Cloetta, A. 99, 299) and in the 
liver of a drunkard who died of typhus fever 
(Seliercr, N. Jahrb. Pharm. 7, 300). In very 
small quantities it is a normal constituent in 
urine (Goldmann a. Baumann, H. 12, 264). 

Prqperft'es.— Neutral and tasteless. Crystal- 
line mass. Insol. water and alcohol ; sol. aqueous 
ammonia (difference from uric acid) and potash, 
and reppd. as six-sided lamime by HOAo. Sol. 
HClAq. Separates from an ammoniacal solu- 
tion as colourless iarninee. Cold ammoniacal 
I AgNO, followed by HNO, gives a canary yellow 
pp., but hot ammoniacal AgNO, ppts. Ag,S 
(iJowar a. Qaragee, Ph. [3] 1, 386). Baryta-water 
I at 150® gives barium sulphide and sulphite, 
i Nitrous acid forms pyruvic acid (Dewar a. Gam- 
gee, Ph. [3] 3, 144 ; if. 5, 329). Boiling aqueouf 
NaOH converts part of its S into HB. 

Benzoyl derivative C,H,(,Bz,N,S, 04 . 
[158®]. Its Na derivative is ppd. by adding DzCl 
to a solution of cyttin in aqueous NaOH. Slender 
needles. Strong acid, insol. water, si. sol. ether, 
m. sol. alcohol (G. a. B.). 

CYTISINE C^H,,N,6. [166® cor.]. An al- 
kaloid occurring in the unripe seeds of the labur- 
num, Laburnum (Ohevallier a.La8Migae^ 



DAPHNETIN. 
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Ph. 4, 840 ; 7f 236 ; Pesqhior, J, Ohim, Mid. 
06; Huaemann a. Manii6, Z. [2] 1, 161; 6, 
7), Crystalline mass (from alcohol) or thin 
edles and laminte (by sublimation). V. e.sol. 
kter and alcohol, nearly insol. ether, benzene, 
d chloroform. Expels NH, from its salts, 
on in the cold. Poisonous. Does not reduce 
ihling’s solution. Potassio-mercuric iodide 
res a vrhite flocoulent pp. becoming crystal- 
le. I in KI gives an amorphous red pp. 
tanging to prisms. Bromine-water gives an 
ange pp. even in very dilute (1:16000) solu- 


tions. Sodium phosphomolybdate gives a yellow 
pp. Tannin forms a pp. only after neutralisa- 
tion with NaOH. Picric acid gives a yellow pp, 
soon becoming crystalline. 

Colour tests.— Cono. H.^S04 gives no colour. 
’ Sulphomolybdic acid reaction gives no colour, 
H2SO4 and KjjCrjO, a yellow turning brown. 
HNOj an orange-yellow. 

Salts.— B'(HNOs)j2oq: prisms, with bitter 
taste.— B'H, Cl, aaq. — B'HjPtCL—B'HiPtCl,.— 
B'(HAuCl4),.-B'Hg,Cl4. 


D 


DAMAITOIC ACID C.H,.0,. [53'’]. An acid 
lid to have been obtained from cows’ urine 
Jtiideler. A. 77, 27 ; Werner, [2] 4, 413). 

DAMBONITE [190°]. Di-methyl- 

ambose. Di-victhyl-inosite. Occurs in a pecu- 
ar kind of caoutchouc. Exported from Gaboon 
1 West Africa (Girard, G. B. 67, 820), Six- 
ided prisms (from alcohol), oblique prisms (con- 
aining 3aq) (from water), or slender needles 
by sublimation). Not affected by dilute acids 
ir alkalis, by Fehling’s solution, or by fermen- 
ation. HI gives Mel and dambose, identical 
dth inosite. KI forms crystals of CaH^OsKI. 
INOj and HjSO, form an explosive nitrate 
Champion, C. R. 73, 114), 

Acetyl derivative CjH,jAc408. [193°]. 
887°). Needles (Maquenne, A. Ch. [6] 12, 666; 
J. R. 104, 1853). 

Benzoyl derivative CgH,Dz,08. [250°]. 
llinute pale-yellow needles (M.). 

DAMBOSE [218°]. Obtained by 

beating dan^onite with aqueous HI at 120° 
(Girard, C. R. 67, 820 ; 73, 426 ; 77, 995). Ac- 
cording to Maquenne (C. B. 104, 1853) it is 
identical with inosite (v. Inosite and Suoaks). 
Six-sided prisms (from dilute alcohol) ; mono- 
olinio prisms (containing 2aq) (from water). In- 
active. V. e. sol. water, insol. absolute alcohol. 
Not prone to fermentation, 

Hexa-acetyl derivative CaHAc,0« 

[ 211 °]. 

Methyl c</ur CyHuMeOa. Bomesite. [176°]. 
In caoutchouc from Borneo (Girard, Z. [2] 7, 
836). ^ 

Di-methyl ether v. Dambonite. 

DAMMABA EESIK. New Zealand Kauri 
gum, the gum-resin from Dammara australis 
contains a slightly laevorotatory torpene dam- 
marole 0„H,8 (168°) S.G. is -863 (Bonnie, C. J. 
89, 240 ; cf. Thomson, A. Ch. [3] 9, 499 ; Muir, 
G. J. 27, 733). Dammar-Puti or East Indian 
dammara resin may be separated, according to 
Bulk {J.pr.li, 16), by successive treatment with 
weak alcohol, absolute alcohol, and ether into 
hydrated dammarylio acid 045H,404 [60°], 
anhydrous dammarylis acid 04jH,aO, 
[60°], and dammaryl 04sH„ [190°], the residue 
being C,8H,440 [216°]. Franchimont obtained an 
See also SohrOtter, P. 69, 37. 

DANAiN 0,4H,40 j. Said to occur in the root 
of DanaXa fragranSf and to give by hydrolysii a 


sugar and resinous danaidin (Schlagdouhauffen, 
J. 1885, 1816). 

^3:4) y(l) CH:CH 

DAPHNETIN C.HJOH)/ ( . Di- 

\(2) O-CO 

oxy-coumarin. [266°]. Prepared by hydrolysis 
of daphnin, a glucoside occurring in the bark of 
Daphne alpina and Daphne Mezereum (Zwenger, 
A. 116, 8; Stiinkel, B. 12, 109). 

Synthesis .—By heating molecular proportions 
of pyrogallol and malic acid with H.^SO^ (twice 
the weight of the former), and precipitating the 
melt in cold water (Pechmann, B. 17, 988). 

Properties . or prisms. Sol. hot 
water, si. sol. ether, nearly insol. chloroform, 
benzene, and CS,. Dissolves in alkalis with a 
reddish-yellow colour. 

Reactions. — Fe^Cl, gives a green colouration 
which changes to red on adding NajCO,. Po- 
tassic ferricyanide and NH, gives a reddish-yel- 
low colour. HNO, gives an intense red. It re- 
duces AgNO, and Fehling’s solution in the cold. 
Baryta water, Zn(OAc)2, and Pb(OAc)2 give yel- 
low pps. After boiling with NaHSO,, FejCl, 
gives an intense blue colour. 

Di-acetyl derivative C8H,0.^(OAo)2 : 
[129°] ; colourless needles, insol. water, sol. 
other solvents. 

Di-benzoyl derivative C9H402(OBz), ; 
[152°]; fine needles, insol. water and ether, 
sparingly soluble in Alcohol (Pechmann, B. 17, 
933). 

Mono-ethyl ether C,HjO,(OEt) : [166°]; 
colourless glistening plates, v. sol. alcohol, ether, 
benzene, and aqueous alkalis, si. sol. water. 

Di-ethyl ether C8H40jj(0Et), ; [72°]; co- 
lourless needles. Y. sol. alcohol, ether, and 
benzene, insol. water and aqueous alkalis (Will 
a. Jung, B. 17, 1081). 

Bromo-daphnetin C,H 8 Br 04 . 

Di-ethyl ether C,H,Br02(OEt), ; [116°]; 
colourless feathery crystals. Sol. hot alcohol, 
ether, and benzene, si. tol. cold alcohol, insol. 
aqueous alkalis. Formed by bromination of the 
di-ethyl ether of daphnetin. By boiling with 
alcoholic KOH it is converted into the di-ethyl- 
derivative of daphnetilic acid (Will a. Jung, B, 
17, 1084). 

Tetra-bromo-daphnetin. Acetyl deriva- 
tive C»HBr4Ac04. [o. 290°]. From acetyl- 
daphnetin and Br at 100° (StUnkel), 
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ehyl-dftphnotin 

<4:3) .(1) C(CH,):CH 

C»H,(OH),< 1 . Formed* by the 

\(2) 0 — r- CO 

action of H2BO4 on a mixture of aceto-acetio 
ether and pyrogallot Bv boiling with sodium 
bisulphite till dissolved and then adding FesGl^ 
a blue colouration is produced (Peohmann a. 
Cohen, B. 17, 2188>. 

Daphnetio acid C,H,(OH),.CH:CH.CO,H. 
Tri-oxy-cinnamic acid. 

Tri-ethyl derivative 
OrtHj(OEt),.C2H2,COoH : [193°] ; colourless crys- 
tals. V. sol. hot alcohol, ether, and benzene, 
insol. water and CSj. Obtained by evaporating 
the di-ethyl-ether of daphnetin with aqueous 
NaOH, and heating the residue with ethyl 
iodide. On oxidation with KMnO, it gives tri- 
ethoxy-benzoic aldehyde and acid (Will a. Jung, 
J5. 17, 1086). 

DaphnetiUo acid C,H,0(0H),.C02H. 

Di- ethyl derivative C„H3b(0Et)2.C0Jl. 
[164°]. Fine felted needles. Formed by boiling 
the di-ethyl ether of bromo-daphnetin with alco- 
holic KOH (Wm a. Jung, B. 17, 1085). 

DAPHNIN 0,jH„0p. [c.200°J. Agluooside 
ooourring in the bark of certain species of 
Daphne (Vauquelin, A. Gh. 84, 173 ; Gmelin a. 
Baer, Sch. J. 35, 1 ; Zwenger, A. 115, 1). Kect- 
%iigalar prisms (containing 2aq) (from water). 
SI. sol. cold water, v. sol. boiling alcohol, insol. 
ether. Alkalis and alkaline carbonates dissolve 
it, forming a yellow solution, which turns brown 
in air. Fe^Gln colours its aqueous solution 
bluish. It slowly reduces boiling Fchling’s solu- 
tion. Hot solutions are ppd. by basic lead acetate. 
Emulsin or dilute acids split it up into glucose 
and daphnetin. 

DATI8CIN C2,H,20 ,j. [180°]. A glucoside 
occurring in the leaves and roots of Datisca 
cannabbiaj which are used to dye silk yellow 
(Braconnot, A. Ch. [2] 3, 277 ; Stenhouse, Ghem. 
OaM. 1856, No. 318 ; 98, 166). Silky needles, 

si. sol. cold water, v. sol. alcoliol, v. si. sol. 
ether. Tastes bitter. Eesolved by dilute acids 
into glucose and datiscetin. Bases dissolve it 
with deep-yellow colour. Lead acetate, Fe.^Clj, 
GnSOf, and SnGl, ppt. its solution. 

Datiscetin G,5 H,„Ok. Formed as above. 
Tasteless needles, nearly insol. water, v. c. sol. 
ether.—OjjHgPbO,. 

DATUBINE is identical with Atkopixe { q . v.y 

DATYVlf. According to Eem, some speci- 
mens of Bussian platinum ores contain a metal 
which is not Ir, Os, Pd, Pt, Rh, nor Ru (C. N. 
86, 114). The mother-liquor remaining after 
separation of Rh and Ir by Bunsen’s method 
(P. If. [4] 86, 263) was heated with excess of 
NH4CI and NH4NO, ; the dark-red pp. thus ob- 
tained was strongly heated, whereby the new 
metal was obtained as a spongy mass, which 
fused in the 0-H flame to a silver-white button. 
The ore contained about -046 p.o. of the new 
metal, to which Kern gave the name Davyum. 
The metal is described as hard, but malleabie 
when heated ; e. sol. aqua regia, v. si. sol. boil- 
ing H2SO4. S.G. 9-389. At. w. about 164. 
Several salts of this metal are described by Eem. 
The whole subject requires re-investigation. 

M. M. P. M. 

DSOAOBTLIO AOID v, Dscmiom aom. 


DECAKAPHTHENB v. Dbotlbnx. 

n-DECANE G.oH^a. (169°-170°) at 742 mm.; 
(107°) at 100 mm. S.G. -° *745; V •734; iJS 
•669. S. (glacial acetic acid) 8 at 0. 15° ; 20 at 
60°. From n-octyl bromide, EtBr and Na 
(Laohowicz, ^4. 220, 179). Formed also from 
methyl ennyl ketone by treatment with PGlj and 
reduction of the product by HI and P ; and by 
reducing octoio acid with HI and P (Krafft, If. 
15, 1695). Has hardly any smell and no taste. 
Not attacked by cone. H2SO4. Attacked by Br 
only when heated. 

Decane C,oH.o. Inactive di-isoamyl. (168‘8° 
cor.) at 732‘8 mm. S.G. — *7216 (Lachowicz, A, 
2*20, 172). V.D. 72 (for 71)^ S. (in glacial acetic 
acid) 8 at c. 15° ; 20 at 65°. S.V. 231*3 (Schill, A. 
220, 88). From isoamyl iodide and zinc (Frank- 
land, G. J. 3. 32). From isoamyl bromide or 
iodide and sodium (Wurtz, A. Ch. [3] 44, 275; 
Grimshaw, B. 10, 1602 ; G. J. 32, 260, 687). 
Formed also by the electrolysis of sodium hexoate 
(Brazier a. Gossleth, C. J. 3, 221). Tasteless, 
j with faint odour. Flashing-point 53°. Not at- 
tacked by HNO, or cone. H.^SO^. Gives with 
bromine decyl bromide, which on distillation 
splits up into dccylene and HBr. 

Decane ClIMeEt.CIL^.CH.,.CHMeEt. Active 
diamyl. (100°). V.D. 4 82 (for 4*91). S.G. ^ 
•7463. [o]d = 6'49° for 100 mm. at 22°. From 
! active amyl iodide and sodium (Just, A. 220, 155). 
I Decane (152°-153°). S.G. *7187. V.D. 
69*4 (for 71). In Galician petroleum (Lachowicz, 
A. 220, 195). 

Another decane from same source: (162°- 
163°). S.G. 25 .7324. 

Decane C,oH..2. (160°) (Pelouze a. Cahours, 
A. Ch. [4] 1, 5)‘; (156°) (Wurtz, Bl. 1863, 300; 
Leraoine, BL [2] 41, 165). S.G. 12 -757 (P. a. C.) ; 
5 *764 (L.). V.D. 4*95. Occurs in American 
petroleum. 

Dccane. (171°). S.G. 12 -756. In coal tar 
(Jacobsen, A. 184, 202). 

DECARBUSNIC ACID v. Usnexic acid. 

DECENE V . Decylenr. 

DECENOIC ACID C.oH.gO, i.e. 
G,H,g.CH:CH.CH,.CO,H. [10°]. Formed by 
distilling the lactone of j8-oxy-heptyl-BUCcinic acid 
(q.v.). Oil, hardly soluble in, and lighter than, 
water. Volatile with steam. Combines with 
HBr (Sohneegans, A. 227, 91). 

Salts . — BaA',.— CaA'j.— AgA'. 

Decenoio acid CioHjgOj. Amenyl-valeric a^id. 
(269°). 8.0.12*961. From sodium isoamylate 
and CO at 165° (Frohlich a. Geuther, A. 202, 297). 
Oil. The Na salt is deliquescent. 

Deoeaoio acid C,oH,sO.^. Amydecylenic acid. 
(242° cor.). S.G. 2 *9096. Formed by oxidation 
of the corresponding aldehyde (Borodin, B. 6, 
481 ; Hell a.^Schoop, B. 12, 193). Oil. Oxidised 
by chromic mixture to acetic and isovaleric acid 
(Gaess, B. 10, 455). The K salt is deliquescent. 
CaA'j^aq: needles (from alcohol). 

Decenoio acid CioHinO,. Dccacrylic acid, 
[86-']. S. (cold alcohol) *08; (hot alcohol) 2. 
Occurs in cork. Amorphous. Acid to litmus 
(Siewert, Z. 1858, .393). 

DECEKOIC AtDEHTDE C,oH„0. DUaova- 
leric aldehyde. (0. 189°), S.G. 2 *861. Formed 
from isovaleric aldehyde by heating with zinc 
filings, or by treating with Na, KOH, K^GO,, o^ 
HCl (Borodin, B. 3, 652 ; 5, 481 } 6, 983 ; mbm, 
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Bl f2J 18. C4 ; Kekul6, B.^, 135 ; Gaess a. Hell, 
B. 8, 871)- Oil. Does not combine with NaHSO,. 
Bftduces ammoanical AgNOj. 

DECENYL alcohol C,oH,,0 i.e. 

CH ’OH.CHa.CPrj.OH. Allyl-dt-iyropyl-carbinol. 
(192^ i.V.). S.G. g *8002 ; -8427. C.E. (15*^- 

29®) ’00101. H.0. 1,644,900 (Louguinino, Bl. [2] 
85, 663). From di -propyl-ketone, zinc, and allyl 
iod de (Saytzeff, A. 196, 109). Oil, smelling like 
turpentine. Chromic mixture oxidises it to di- 
propyl-ketone, butyric acid, and propionic acid. 
Aqueous KMnO^ gives COaH.CH^.Crrs.OH. 

Acetyl derivative G,„H,.,OAc. (210*^ i.V.). 

-8733. 

Decenyl alcohol C,otI,oO i.p. 
CH.:CII.CH,.CPr.j.On. AUijl-dl -isopropyl car- 
binol. (170^). S.G. 2 ’8671; ‘8177. CM. 

(0^-24°) 'OOOOS. From di-isopropyl-kotone, allyl 
iodide, and zinc (Lebedin-sky, J. pr. [2] 23, 2‘i). 
Oil, smelling like turpentine. KMnO, gives 
COjII.CHj.CPrj.OH and isobutyric acid. Forms 
a liquid dibromide. 

D?cenyl alcohol CiJL^O. (c. 194°). From 
acetone (76 g.), allyl iodide (205 g.), isobiityl 
indido (230 g.), and granulated zinc (Scliatzky, 
,1.2)r. [2] 30, 216). Oil. 

DECENYLENE v. Dccinfmk. 

LECENYLENE TETIIABEOMIDE v. Tktr.i- 

UnOMO-DECVNR. 

DECINENE C.oII,,. DccmTjlcnc. (c. 158°). 
S.G. g -787 ; -774 ; ’770. 11,^ 77-1 to 

78*8 (theory 75'8). Formed by heating 
allyl-di-propyl-carbinol (decenyl alcidiol) with 
HjSO, (1 pt.) and water (1 pt.) at 130°. The oily 
product is distilled, and the portion boiling at 
150-’-l70 ' is distilled over sodium in an iitino- 
sphere of COj. Absorbs oxygen fioin the air. 
Combines with bromine forming Oxi- 

dised by chromic mixturq gives acetic, propionic 
and butyric acid.s (S. llidormatsky, J.pr. [2J 27, 
389 ; PA. [2] ^0, 185). 

Dociueuo Cmll,,. Butylene. (150°). From 
diamylene bromide and alcoholic KOH (Hauer, 
A. 135, 344). 

Decinene C|gH|g. Sebacin. [55°]. (above 
.300°). Formed by distilling calcium .scbacato 
(Petersen, A. 103, 184). 

Decinene C,|,II|8. (165°). Formed by the 
action of alcoholic potash on di bromo-iiecano 
derived from petroleum (Rcboul a. TrucUot, A. 
144, 248). 

Decinene CmH,,. Ilydrocamphnie. [120°]. 
(160°). A product of the action of sodium on 
the solid hydrochloride CuHiJICl derived from 
turpentine (Montgolfier, A. Ch. [5] 19, 115). In- 
active. j 

Decinene C,„H|,. Hydrocamphcnc. [140° 
uncor.]. Prepared by the action of sodium and 
gaseous HCl on a benzene solution of bornyl 
chloride (C,oII,jCl), or of camphor-dichloride 
(C,oH,jClj) f Kachler a. Spitzer, B. 13, 616 ; M. 
1» 689). Wnite crystalline solid. V. sol. ether, 
less sol. alcohol and acetic acid. Does not com- 
bine with HCl. Very stable ^towards oxidising 
agents. Probably identical with the preceding. 

Decinene (?)C,aH„. . Camphine. (o. 109°). 

'827, Formed by distilling camphor 
with iodine or HI (Claus, J. pr. 25, 204 ; Woyl, 

I, 96). Br acta upon it by aubsiitutioa. 


DECINOIC ACID C,„H,„0.,. [52 6°]. (307°) 
Formed by the action of sodium on butyrie 
ether (Briiggcmann, A. 246, 132). Long needtea. 

DECINYL ALCOHOL C„H„0 
CH 2 :CH,CH 2 ) jCPr.OH. Di-allyl-propyl-carbinoL 
194°). S.G. g -9707. O.E.^ (0°-20°). -00082. 
Hoc 78*7. From n-but^rio ether, allyl iodide, 
and zinc *, the product being poured into water 
and distilled (Saytzeff, A. 193, 862). Oil, smell- 
ing like turpentine. 

Decinyl alcohol C,ftH,„0 i.e. 
(CH 2 :CH.CH 2 )i,CPr.OH. Di-allyl-isopropyl-car* 
hinol. (183° i.V.). S.G. 2 -8647 ; f *8612. 
From isobutyric ether, allyl iodide, and zinc 
(Riabinin a. Saytzeff, A. 197, 70; Bl. [2] 81, 
199). Oxidised by the air. 

Decinyl alcohol (?)C,„H,«0. (176°). From 
valeryleno and diluted H.^SO. (Roboul, A. 143, 
373). Oil. 

Docinyl a’sohol (?)C,„TI„0. (c. 211°). A 

product of the action of allyl iodide and zinc on 
acetic ether (Schestakoff, J. pi-. [2] 30, 215). 

DECIPPIuM. According to Delafontaine 
{C. n. 87, 632 ; 93, 63 ; C. iY. 38, 223 ; 44, 67) 
Samarslcite from North Carolina, and Sipylite 
from Virginia, contain an element belonging to 
the group of the earths, but differing from all the 
other metals of this class. To this element Do- 
lafontaine gave the name Decippium. The 
double sulphate of D]) and K is insoluble in satu- 
rated KjSOjAq ; on this fact is based a method 
of separating from terbium. Further researches 
are required before the existence of -decippium 
can bo regarded as established (c/. Eauthb ; and 
Earths, mktals op thk). M. M. P. M. 

DECOIC ACID Capricacid. Mol.w, 

172. [30°]. (269°). S.G. ^'930. 

Occurrcii’ce.—l. As glyceryl ether in butter 
(Clievroul, Bcchcrclies sur les corps gras) and in 
cocoa-nut oil (Gorgey, A. 66, 295). — 2. As iso- 
amyl ether in fusel oil from grapes (Fischer, A, 
118, 307 ; Grimm, A. 157, 264), and in fusel oil 
fiom Scotch whiskey (Kowngy, A. 79, 236).— 3. 
In Limburg cheese (lijcnko, A. 55, 85).— -4. To 
the extent of 5 p.c. in the fatty mass deposited 
by the water used to extract yolk {suint) from 
wool (Buisine, C. B. 105, 614). 

I'ormatwn. — 1. By tlie distillation of oloio 
acid (Gottlieb, A. 57, 63).— 2. By oxidation of 
olcio acid by HNO, (RufUcnbachor, A. 69, 64).— 
3. From octyl-aceto-acetio acid (Guthzeit, A. 
201,. 5). 

Properties. — Slender needles, hardly sot. 
wafer, of faint rancid odour. Sol. alcohol and 
ether. 

Salts.— AgA'. Needles from boiling water. 
SI. sol. water.— BaAV Plates from boiling 
water. SI, sol. water, sol. alcohol.— CaA'^— 
MgA',. — CuA'.,. — Na.A'. Sol. water. 

Methyl khcr MeA'. (224°). 

Ethyl ether liiM. (244°). S.G. *862. 

Iso-amyl ether (275°-290°). In fusel oil 
from grapes. • 

Chloride C,uH|bOC1. (o. 210°) (Grimm, A« 
157, 272). 

Amide CjJI.pONH^. [98°]. Prepared by 
digesting aminonio decoate at 230° under 
pressure; the yield is 75 p.c. (Hof maim, JB. 15, 
984). 

DECOIC ALDEHYDE OJT,,.COH (c. 100°) 
at 15 mm. Formed by distifiiug a mixture of 
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barium deooate (ooprate) and barium formate. 
Liquid. On reduction with zinc-dust and acetic 
acid it gives »-prim-ldocyl alcohol (Krafft, B, 
16, 1710). 

Isodecolo aldehyde 0,oH.,oO. (169® cor.). 

S.G. 2 '828. Formed by oxidation of iso-oapryl 
aloohoL Oil. Does not •combine with NaHSO, 
(Borodin, J. 1870, 680). 

DECOMPOSITION, CHEMICAL. The break- 
ing'down of one definite kind of matter into 
simpler kinds is called chemical decomposition. 
By a definite kind of matter is meant, in chemis- 
try, an element or a compound. The term de- 
composition can be applied in strictness only to 
one class of changes undergone by compounds. 
The products of the decomposition of a .com- 
pound are either elements or compounds; the 
mass of each is different from the mass of the 
compound decomposed, and the properties of 
each are different from those of the qriginal com- 
pound. The simplest cases of chemical decom- 
position are those brought about by the action 
of an external agency such as heat, light, or 
electricity on a compound ; water, for instance, 
is decomposed by the electric current into hydro- 
gen and oxygon; salammoniac is decomposed by 
heat into ammonia and hydrogen chloiide. By 
a slight extension, the terra chemical decomposi- 
tion is used to include cases of chemical inter- 
action between two or more bodies resulting in 
the formation of new bodies, some at least of 
which are simpler than the original substances. 
Thus when water and potassium interact potash 
and hydrogen are produced ; the water is often 
said to be decomposed by the potassium, inas- 
much as one of the products of the interaction 
is the element hydrogen, which was formerly 
combined with oxygen forming water. So when 
acetic acid and phosphorus poutachloride react 
to produce acetyl chloride, phosptiorus oxy- 
chloride, and hydrochloric acid, each of the re- 
acting bodies may be said to be decomposed by 
the other. This example shows that the term 
chemical decomposition is used as covering the 
greater number of reactions known as chemical 
changes. The combination of two elements, or 
of one element and compound, or of two (or 
more) compounds, would not generally be called 
a decomposition ; nor would the term be custom- 
arily employed with reference to an isomeric or 
allotropio change, such as. that of ammonium 
cyanate into urea, or of one form of crystalline 
arsenious oxide into the other form ; but with 
these exceptions the terms chemical decomposi- 
tion and chemical change have practically the 
game connotation. 

When a chemical change between two or 
more bodies is called a decomposition, the term 
is generally used with the object of concentrat- 
ing attentirm chiefly on one of the changing sub- 
stances. Thus the change which occurs when 
potash solution reacts with chlorine to form 
potassitiQi chloride and chlorate is a decomposi- 
tion of the potash, but a combination of the 
chlorine with other elements. Again, when it.is 
said that common salt is decomposed by snl- 
phurioi^id with production of hydrogen chloride, 
only of the chemical change is brought 

promin^^^forward ; it might be necessary some- 
times totoy that sulphuric acid is decomposed 
by common salt with production of sodium sul- 


phate; neither statement is a full account of the 
occurrence. 

Among chemical decompositions, in a nar- 
rower sense of the term, processes of dissociation 
take a prominent place. In these processes one 
definite compound is resolved, by the action of 
heat, into two or more elements or compounds 
differing from itself, and each weighing less than 
the original compound ; thus hydrogen iodide is 
dissociated into hydrogen and iodine, ammonium 
carbamate is dissociated into ammonia and car- 
bon dioxide, and so on. 

Chemical decompositions are special cases of 
chemical change; the laws which state the con- 
ditions and course of chemical changes apply to 
chemical decomposition. These laws are stated 
and discussed in other articles; v. especially 
Affinity, vol. i. p. 67 ; Ciikmic.Uj change, vol. i. 
p. 731 ; Combination, Chemical, Laws of ; Com- 
position, Chemical. M. M. P. M. 

DECONENE C,„H,j. (c. 148®). From cli- 
bromo-decylone (rutylene bromide) and alco- 
holic potash (Bauer a. Verson, A. 151, 52 ; 
Tugolesoff, J. E. 13, 417). Oil, smelling like 
turpentine. Its bromide C,oH|„Br,^ gives no 
cymene when heated with aniline. HCl gives 
(C.„H„),TICL 

Isomerides v. Teiu'enes. 

DECONOIC ACID C,olT,.0,. Tn-AlirnyU 
butyric aciil (7) (c. 255 ). Foimc'd by heating 
NaOEt and NaOAc in a current of CO at 205® 
(Geuther a. Frohlich, A. 202, 300). 

n-ptm-DECYL-ALCOHOL C,„H..,.OII i.o. 
CH,(CH2).CH,0H. Mol. w. 158. [7°]. (110‘'!it 
16 mm. S.G. (liquid) I -8389 ; 8307 ; -VT.li. 

Large rectangular prisms or a thick swcct-Sinell- 
ing highly-rcfractivo liquid. 

Formation. —CaiiTic aldehyde (obtained by 
distilling barium capratc with barium fonnialo) 
is reduced with zinc-dust and aertic arid. 

Acetyl derivative C, ,IT^,OAe (125® at 15 
mm.). Mobile peculiar-smelHn: liquid. SnlUiUcs 
at a low temperature (KraiTt, B. 10, 1710). 

Docyl alcohol C„H,iCHPr.OFI. ProDi/l-hcryl 
carhiiwl. (211®). S.G. 2 ■8;J0 ; -jf 'SVik Fumi 
omanthol and ZriPr., followed by water (Wagner, 
Bl. [2] 42, 330 ; J. R. 16, 320). Oil. 

Decyl alcohol C,.,TI,,OH. (200°). S.G. 
•858. From the decane of petroleum viA docyl 
chloride (Lemoine, Bl. [2] 41, 105; c/. Pclouze 
a. Cahours, J. 1803, 520 ; A. Ch. [1] 1, 5). 

Decyl alcohol C,„n.,OH. hocnpric alcohol. 
(203®). S.G. - -857. From isovaleric aldehyde 
and sodium (Borodin, Z. 1870, 415). 

Acetyl derivative C,oH..,OAc. (220®), 
S.G. 2 -883. 

Benzoyl deririative C,„n^,OBz. (above 
280°). 

Decyl aldbhol C,„H„OH. (o. 230®). S.G. -84. 
From isoamyl isovalerate and sodium (Louren^o 
a. Aguiar, Z. 1870, 404). 

Acetyl derivative C,oH.^,OAo. (o. 232°), 

Decyl alcohol OioEjiOH. Diisoamyl alcohol. 
(203®). Formed, together with an isomeride 
(212®), from di-isoamyl (decane), by chlorination 
and displacement oi 01 by OH (Grimshaw, B. lOt 
1602). 

DECT! BROMIDE C,^,iBr. From di-iso- 
amyl. Splits up on distillation into HBr ani 
dcoylene. 
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see 


DECtli CHLORIDB 0,oH«Cl. (200°). From 
di-isoamvl and Cl (Schorlemmer, A. 120, 246). 

Deoyl ohlorido 0,oHj,Cl. (c. 202°) (Pelouze 
a. Oahours, A. Ch. [4] 1, 5). S.G. -008 (Le- 
moine, BL [2] 41, 165). From decane of petro* 
leum and chlorine. 

Decyl chloride OjoHjiCl. (o. 195®) (Wurtz, 
Bl. [2] 5, 815). From Cl and the decane from 
di-bromo*decane (diamylene bromide). 

Deoyl chloride C,oHjt,Cl. (o. 180®). From 
decyl alcohol (isocapryl alcohol) (Borodin, J. 
1864, 338). 

BEOYLENE C,oH.,o. Di-amylene. (156°- 
166-3°) at 767-4 mm.;‘S.G. -7780; C.E. (10°- 

166°) -00121 ; V.D. 4-86 (for 4 84) ; S.V. 211-3 
(Schiff, A, 220, 90). 

Formation. — 1. From isoamyl alcohol by 
treatment with or ZnCl, (Cahours, A. 30, 
295; Balard, A. 62, 316). — 2. From amylone 
(tri-methyl-ethylene) and ZnCl, or cone. H_;S 04 
(Bauer, Sitz. W. 44 [2] 87 ; Wyschnegradsky, 
J. B. 7, 166 ; Berthelot, A. 128, 311 ; Lebetlelf, 
J. R. 7, 246 ; Erlenmeyer, Z. 1865, 362 ; 
Schneider, A. 157, 207). 

Properties. — Oil. Yields, among the products 
of its oxidation, araethenic acid CjIInO^. 

Deoylene C,oH.„. (103-7° cor.) at 744 mm. 

S.G. 22 -7387. V.b. 70 (calc. 70). From di-iso- 
amyl by treatment with 13r and distillation of the 
resulting bromo-di-isoamyl (Lachowicz, A. 220, 
178). Formed also by distilling decyl acetate 
(from decyl bromide and NaOAo). Aromatic 
liquid. Soluble in dilute H.^SOj (1:1). Combines 
readily with Br, but some HBr also comes off. 
The product is decomposed by distillation. 

Decylene C,oH,«. (c. 159°). S.G. -855. 
From petroleum decane (Lemoine, Bl. [2] 41, 
166). 

Decylene C,„H,„. DecanaphtJiene. (161°). S.G. 
2 -795. 77'2, Occurs in petroleum from 

Baku (Markownikoff a. Ogloblin, J. R. 15, 332), 
Decylene Gioir^o- (IVl'^)- Among the products 
obtained by strongly heated paraffin (Thorpe a. 
Young, A. 166, 22), 

Decylene C,oH^. (175°). S.G. 2 -791. From 
blubber by saponification and distillation of the 
lime salts of the resulting acids (Warren a. Storor, 
Z 1868, 231). 

Decylene C,„H,o. (176°). S.G. 2 *823. From 
petroleum from Burmah (Warren a. Storer, Z, 
1868, 281). 

Isomerides v. Tctrahydridcs of Terpekbs. 

DECYLENE GLYCOL v. Di-oxy-dkcane. 

DECYLENE OXIDE Diamylene 

oxide. (170°-180°). From C,„H,o(OAc),and solid 
KOH (Bauer, Siiz, W. 45 [2] 276). Oil. Keduces 
animoniacal AgNO,, 

Decylene oxide C,oH|,0. (c. 201°). V.D. 

5-3 (calc. 6-4). Formed by the jiction of cone. 
KOIlAq on the product of the action of crude 
araylene on Bz.p.^ at 110° (Lippmann, M. 6,563). 
Does not reduce ammoniacal AgN 0, npr combine 
with NaHSO,. 

DEHYDRACETIC ACID C.H.O^ i.e. 
OMe.O.CMe 

II n (?). [m% (270° cor.). S. 1 

CH.CO.C.CO,H 

at0°. 

Formation.— -1. By passing the vapour of 
aceto-acetio ether through a glass tube filled 
with pumice and heated to redness (Geuther, 2. 

VoL. II. 


[2] 4, 665 ; Perkin, jun., C. J.i7, 240 ; 61, 489).— 
2. By the action of pyridine or pioolihe upon 
acetyl chloride ; these bases probably only act 
by removing HCl, for they are found unaltered 
at the end of the reaction (Dennstedt a. Zimmer* 
mann, B. 19, 76). 

Properftes.— NeedJes or trimetrio tables (from 
water). V. sol. hot water, hot alcohol, and 
ether. Fe.^Cl, colours its solution orange. , 

Reactions.— -1. Boiling cone. NaOHAq splits 
it up into COj, acetic acid, and acetone. Alco- 
holic KOH forms, as intermediate products, 
aceto-acetio ether and acetic acid. — 2. Ammonia 
forms oxy -di-methyl-pyridine (Perkin, B. 18, 682 ; 
Haitinger, M. 6, 105). — 3. Zn and HCl forms an 
acid [187°] (Oppenheima.Precht, JB.9, 1101).— 
4. PClj forms C^HyOjClj [101°], reconverted by 
water at 200° into dehydracetic acid. 

Salts. — Na A' 2aq. — Ba A' J 2aq. — CaA'^ — 
ZnA'j 2aq.#-AgA'. 

Methyl ether A'Me : [91°]; prisms; v. 
sol. water. Has distinct acid properties, forming 
C.H,(Na) 04 Me (Perkin, B. 18, 218). 

Ethyl ether EtA'. [92°]. 

Amide ChHjOsNHj. [209°]. From the acid 
and aqueous NH., (0. a. P.). 

Anilide CJiANHPh. [115°]. 

Oxim CjH^OsCInOII) : [173°] ; colourless 
crystals, sol. alcohol. Formed by the action of 
hydroxylamino on potassium dehydracetate. 
Fe^Cl„ gives a purple-red colouration. 

Phenyl - hydrazide C,HHO,C(N.NHPh) : 
[c. 207°]; glistening yellow tables (from alcohol). 
Formed by the action of phenyl-hydrazine on 
potassium dehydracetate (Perkin a. Bernhart, 

B. 17, 1522). 

Chloro-dehydracetio acid CJIjClO^. [93°]. 
From dehydracetic acid and Cl (0. a. P.). Small 
needles. 

Bromo - dehydracetic acid CsHjBr 04 t.e. 
CBr.CO.C.CO,H 
II 1! (?). [137°]. 

CMe.O.CMe 

Preparation.— BebydYhcetic acid (5 g.) is dis- 
solved in chloroform (50 g.), a slight excess of 
bromine and a little iodine are then added, and 
the whole warmed on the water-bath at about 
50°. The reaction once started continues by 
itself and is finished in about 12 hrs. (Perkin, 

C. J. 51, 490). 

Properties. — Plates and prisms. V. sol. hot 
alcohol, chloroform, benzene, and petroleum* 
ether, si. sol. cold alcohol, 

Oxy-dehvdraceiic acid ChII,Oj i.e, 

COJLC— CO— C.OH 

* II II (?). [c. 253°]. 

Me.C — 0 -C.Me 

Preparation. — Bromodehydracetio acid Is 
dissolved in a little alcoholic potash, excess of 
the latter is then added, and the whole allowed 
to stand for several days at about 40° (Perkin, 
C.J. 51,491). 

Properties. — Founssided crystals. M, sol. 
hot alcohol, almost insol. cold water, chloroform, 
petroleum-ether, benzene, and acetone. Is readily 
sol. alkalis. Sublimes with slight decomposi- 
tion. 

Salt.-CHH,0,Ag, (?). 

Acetyl derivative [167®]. 

Bhomboidal plates. V. sol. hot alcohdl, nt. sol. 
benzene, chloroform, ether, and CSj. 

BB 
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Isodebydracetic acid v, Carho-aceto-autic 
ttheft vol. i. p. 20. 

OEHYDBODIACETONAMINE v. Acetok- 

▲MINE. 

DEHYDEACETONE-BENZIL v. Acetone- 

BENZHi. . 

DEHYDRACETONE - PHENANTHRAQTII- 
NOKE V. Agetone-phenanthraquinone. 

DEHYDRACETOPHENONE-ACETO-ACETIC. 
ACID V. Acetophenone-aceto-acetio acid. 

DEHYDBACETOFHENONE . ACETONE v, 
Acetophenone-acetone. 

DEHYDBACETOFHENONE.BENZIL v. Ace- 
tophenone -benz il. 

DEHYDBO-BENZOYL-ACETIC ACID 
CH.CO.C.CO,H 

C„n,,0, i.e. II II (?). [172"]. Pre- 

CPh.O.CPh 

pared by heating benzoyl-acetic ether for 7 or 8 
minutes at its boiling-point, alcoholoeing split 
off (Baeyer a. Perkin, jun., B. 17, 64; C. J. 47, 
262; Am. 8, 1011. Long yellow needles. V. 
Bol. ether and chloroform, m. sol. alcohol, si. 
aol. ligroin. 

Reactions.— 1. By standing with cold alco- 
holic KOH it is reconverted i»ito benzoyl-acetic 
acid.— 2. It dissolves in cold H2SO4 with an 
olive-green colour, and on heating becomes a 
gphpidid violet, the spectrum of which exhibits 
the* Indigo bands; on dilution with water the 
colour vanishes.— 3, Sodium amal'jam reduces 
it to an acid C,8H,..Oj [112"], and an acid 
[145"-160"].-4. FeA colours the hot 
alcoholic solution orange-red. — 6. Does not com- 
bine with Br.— G. Does not react with kaf). 

7. Red-hot soda-lime gives acetophenone.— 

8. Phenyl-hydrazine forms a yellow compound. 

9. PCI, gives C„H„C10, [151"]. 

Salts.— FeSO^ gives a blackish-violet amor- 
phou8''pp., and Fe,,Cl„ gives a deep scarlet pp. in 
neutral solutions (Baeyer a. Perkin, B. 17, 64). 
A'Ag: white flocculent pp. 

Ethyl ether EVA'. [150"]. Needles. M. 
sol. alcohdl, benzene, and CS ., si. sol. ether and 
light petroleum. Fe.^Cl^ colours its alcoholic 
solution reddish-brown. NaOEt added to its 
ethereal solution forms a sodium derivative. 

Derived acid C,gH,jO, i.e. 

0 : CH.C.CO,H 

II . II (?). [112"]. Formed as above 
CPh.O.CPh 

(Reaction 3). Tables. V. sol. alcohol, ether, 
benzene, CS.^, and chloroform, almost insol, 
light petroleum. Does not decolourise Br in CS, 
solution. Cone. H^.SO^ gives an intense orange 
solution which on warming becomes first colour- 
less and then greenish-brown. 

Derived acid Cj^HjA i.e. 
CH.CH(OH).C.COjH 

I II (?). [145"-150"]. Found in 

Cpb _ 0 — CPh 

the mother-liquor from which theiaboye has sepa- 
rated. Yellow needles (f Am alcohol-petroleum). 
V. sol. most solvents, si. sol. light petroleum and 
CSj. Gives off CO;, on fusion. 'The CS^ solution 
does not decolourise Br in the cold ; on warming 
HBr is given off. Cone. H^SO, forms a yellow 
8olut^>r which becomes brownish-red on warm- 
ing. Boiling kojd forms CjoHj^O, [145"-150®] 
which crystallises from 80 p.c. acetic acid in 
yellow needles ; it is 7. sol. hot alcohol, benzene, 


and chloroform, bat si. sol. ether ; and its aloo 
holic solution is turned scarlet by Fe.OL. 

DEHYDBOBENZYIIDENEDUCETOAGETIO 
ETHEBv. Benzylidene-duobtoacetio ethbb. 

. DEHYDBO-CHOLElC ACID v. CuoleIc 

ACID. 

DEHYDBO-CHOLIC AOID v. Cholic acid. 

DEHYDBO-CINCHENE v. Cinchene. 

DEHYDBO-CINCHONINE v. Cinchonine. 

DEHYDBO - CONQDININE v. Cinchona 

BASES. 

DEHYDBO -HIJCIC ACID v. Mdcio acid. 

DEHYDRO-DIFBOTOCATECHUIC ACID c. 

Tetra-oxt-di-phenyl di-carboxylic acid. 

DELPHININE Ca^Hg.NQ,. [119"] (Blyth). 
S. -02 at 20°; S. (alcohol) 6 at 20" ; S. (ether) 9 
at 20" ; S. (chloroform) 6*3 at 20". An alkaloid 
occurring in the seeds of stavesacre, or Del- 
phinium staphisagria (Lassaigne a. Feneuille, 
A. Ch. 12, 358; Brandes, Schw. J. 25, 369; 

0. Henry, J. Ph. 18, 661 ; Couerbe, A. Ch. [2] 
52, 352; A. 9, 101 ; Erdmann, Ar. Ph. [2] 117, 
43; Marquis, Russ. Zeit. Pharm. 16, 449, 481, 
613). Trimetrio crystals (from ether) ; a:b:o 
= *637:1: *804. Decomposes at 1 20". Inactive ; 
has a slightly alkaline reaction. Tastes somewhat 
bitter. Cone. gradually forms a faintly 

brown solution changing to reddish-violet. A 
mixture of dolphine (1 pt.) and malic acid (1 pt.) 
is coloured orange by HjSO,, the colour changing 
through deep rose to blue (Tattersall, C. N. 
41, 63). 

Salt8.-B'2HCl.-B'HAuCl4.-B ,2nNO, (?). 
— B',2HjS 04 (?).— B'HHglj. 

Delphinoidine C^.HggN.O;. [110"-120°] (?). 
S. *017; S. (ether) 33. Separates from the 
ethereal solution out of which delphinine has 
crystallised (Marquis). Miscible with alcohol. 
Inactive. Tastes bitter. Has an alkaline re- 
action. With sugar and it becomes first 
brown, then green [cf. Schneider, Fr. 12, 219). 
H^SO, and bromine water give a violet colour. 

Salts.- B'2HC1. — D'H^AuA- “ B'H.SO,. 
— B'2HNO,.— B'2HOAo. 

Delphisine C2,H4«N.404 (?). Once found in the 
mother-liquors, from which delphinine had 
separated. Less soluble than delphinoidine 
which it resembles. 

Staphisagrine [c. 90"]. S. *6; 

S. (ether) *117. Also occurs in stavesacre. Amor- 
phous. Differs from the preceding alkaloids in 
being much less sol. ether. Soluble in all pro- 
portions in alcohol and chloroform. Optically 
inactive. Has an alkaline reaction. Cone. H^SO, 
gives a cherry-red or violet colour. Does not 
give a green with sugar and HjSO,, or violet 
with H..SO4 and Br. HNO., colours it orange. 

Salts. — B'HOl. B'HNO,. — B'HOAo. — 
B'HAuCl^.-D'Hglj (?). -B',H,S04. 

DENSITIES, BELATIVE, of solids, liquids, 
and gases.— The subject of densities, absolute 
densities, relative densities, and specific gravities, 
deals with the following points :— 

1. The mass contained in a definite volume 
of any one substanoe, or, knowing that weights 
are proportional to ‘masses, the weights of defi- 
nite volumes of different substances. 

2. The ratio between the mass contained in 
any volume of a substanoe and the mass con- 
tained in an equal volume of a substanoe chosen 
as the standard, or, expressing this somewhat 
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differently, the ratio between the weight of a 
certain volume of any substance and the weight 
of an equal volume of the standard substance. 

The terms in which these different ideas are 
embodied are densiiy^ absolute density^ relative 
density^ and specific gravity. Unfortunately 
there still exists a great deal of confusion as to 
the use of thede terms, and even tlie standard 
text-books do not show agreement on this point. 
It is, therefore, necessary to give definitions of 
these terms showing the meanings which will 
be given to them in this article, and then to 
indicate wherein there is want of scientific pre- 
cision in the ordinary use of the terms, and also 
wherein the meanings given to them in the 
text-books differ. 

1. The density^ or the absolute density^ of 
any substance at any temperature is the mass 
of unit volume of that substance at that 
temperature. 

Thus, if D/ stands for the ^absolute density 
of the substance at temperature f, M< for the 
mass of the substance at temperature f, V, for 
the volume of the substance at temperature t, 


we have the relation the numerical 

value for the absolute density will depend on 
the units of mass and length employed. 

Making use of the notation of dimensional 
equations as introduced by Maxwell we get 

[D] = = [M] [L]-* ; 

[V] [hy JL J . 

that is, we find the unit of density to be of one 
dimension in mass, and of minus three dimen- 
sions in length. 

2. The specific gravity , or the relative density ^ 
of a substance at any temperature is the ratio of 
the mass of any volume of the substance to that 
of an equal volume of some standard substance. 
The standard substance generally chosen is 
w'ater at jhe temperature of its maximum 
density. 

The above definitions show that relative 
density may be found by comparing the masses 
of any volume ; we may choose the masses of 
unit volume, but inasmuch as we have given 
the name of density or of absolute density to 
tile mass of unit volume, we shall thus get a 
new definition for specific gravity or relative 
density, namely, 

The specific gravity or the relative density of 
a substance at any temperature is the ratio of 
its absolute density to the absolute density of the 
standard substance. 

Tutting S for the relative density, we get 


S-2. - and,if V*-V„tljen 8 


I), 


m; 


V. 


where M, and M, stand for the masses of volumes 
V, and Vj. 

It is evident from the above formula that, 
inasmuch as S is the ratio between two masses, 
its value is independent of Jhe unit chosen for 
mass. Hence the number expressing the rela- 
tive density or specific gravity is a pure number, 
and has no dimensions. 

On referring back to the two definitions given 
above, we find density and absoUUe densUyt 
fflaplve density and s^^fiA gravity % used m 


synonymous terms. It does not matter which 
of them we employ, but it is better to make 
a definite choice at the outset and to abide by 
it. Absolute density goes with relative density, 
and density with specific gravity. The terms 
absolute density relative density will be 
used in this article. Unfortunately the terms 
density and specific gravity are often used as 
synonymous, specific gravity being applied to 
solids and liquids and density to gases. To 
give the same meaning to two terms which 
express entirely distinct ideas is quite unpardon- 
able. Attention has been drawn to this un- 
scientific use of scientific terms in some of the 
more recent standard text-books, but there is still 
a difference of opinion as to the advisability of 
using the term specific gravity in preference to 
relative density, or vice versd. Agreement on 
this point yould be desirable.' 

We have found that the numerical value for 
the absolute density depends on the system of 
units employed, while that of the relative density 
is the same whatever the system of units. If 
we use the C.G.S. system of units, as is now 
done in scientific work, we find that there is a 
definite relation between the unit of mass and 
the unit of volume, the unit of mass being the 
mass of unit volume of water at the tempem- 
ture of its maximum absolute density. Tbire- 
fore the maximum absolute density of water is 
equal to unity, and the relative density of any 
substance when referred to water at its maxi- 
mum absolute density as standard is expressed 
by a number which is identical with that of 
its absolute density. Thus, taking the case of 
gold, its absolute density in the C.G.S. system 
of units is 19-2 grams, i.e. 1 c.c. of gold weighs 
19'2 grams ; the relative density of gold is also 
19*2, that is, the mass contained in any volume 
of it is 19*2 times as groat as that contained in 
an equal volume of water. 

There are evidently two main methods for 
experimentally determining the relative density 
of any substance. 

1. Determine its absolute density, that of the 
standard being known. 

2. Determine the ratio of the mass of the 
substance to that of an equal volume of the stan- 
dard. 

A short account*of the principles underlying 
the most important methods for determining 
relative densities is all that can be given here. 
For detailed accounts of the relative values of 
the various methods and for the necessary ex- 
perimental precautions books on practical phy- 
sics must be consulted. (The article Dichte in 
Ladenburg’s HandwOrterbuch der Chemiet 8, 
281-280, is particularly complete.) 

I. Belativb densities of solids. — The stan- 
dard substance is water at the temperature of 
its maximum density. It is not easy to produce 
this temperature and rngintain it constant ; how- 
ever, we know accurately the density of water 
• 

' The Germiui equivalents of density (DichtigJteU) and 

r ifle gravity 0micht)9re need in exactly 

same sense as in English. There seems to exist a 
great deal of ambiguity about the use ot the Frmoh terms 
dtiuM and void* tyScytque. The two are used as synony- 
mens, or, If a differenoe Is made, this oonsiste In deflnlng 
dentiti a« the fntun oootalned in unit volume, and poidt 
q)4efdqM0 as the veiffht of unit volume (e. Dltte, £xpi$4 4$ 
fustiuupropriMi ffMrake da arpt). 
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ftt various temperatures, so that vtb oan always 
ealoulate what the mass of water at the tempe* 
rature of the experiment would become at the 
temperature of maximum density. 

1. Experimental proceaei hated on 
the first method^ thiA is, on determining 
the absolute density, that of water being 
known. — Using the O.G.S. system of units 
we find the absolute and the relative density to 
be numerically the same. From the formula 

D a ~ we see that the experimental work con- 
sists in determining (a) a mass, that is praoti- 
oally a weight, (6) a volume. The following 
methods are used in practice. 

(i.) The body is weighed in air and then 
thrown into a graduated vessel partly filled with 
liquid. The diilerence in readings before and 
after introduction of the solid gives^its volume. 
The weight in grams divided by the volume in 
cubic centimetres gives the absolute density 
which is numerically equal to the relative den- 
sity. 

(ii.) By means of the stereometer or volu- 
menometer. The use of this apparatus is based 
on the assumption of the truth of Boyle's law, 
according to which pressure x volume « constant, 
v\hen temperature is constant. (For a desorip- 
tion of the instrument reference must be made 
to a manual of practical physics.) 

2. Experimental processes based on 
the second method, that is, on determining 
the ratio between the mass of the substance and 
the mass of an equal volume of the standard 
substance. 

(i.) The specific gravity boftfe.— The form 
and capacity of this mstrument vary widely, ac- 
cording to the special purpose for which it is 
used. Generally it is a small flask of thin glass 
which will hold a definite volume of liquid. The 
amount of liquid is adjusted either bj filling the 
flask up to a mark on the neck or by filling it 
completely and inserting a perforated stopper 
through which excess of liquid flows out. The 
observations necessary are : 

(а) The weight of the flask filled with dis- 
tilled water 

(б) The weight of the solid in air 

W. 


(c) The weight of the flask into which the 
solid has been introduced filled mth water up 
to the mark or completely as before 

Then we know that owing to the introduc- 
tion of the solid into the flask a volume of 
water has been expelled which is equal to that 
of the solid introduced, the weight of this vo- 
lume of water is (W;-»-Wl-W;;, therefore the 
relative density of the solid is 

weight of solid 


S- 

W 


weight of eqi^l volume of water 


w+w-w; 


The following methods for determining rela- 
tive densities of solids are based on the principle 
of Archimedes, according to which a body when 
immersed in a liquid experiences a loss of weight 
equal to the weight of the volume of liquid dis- 
placed. 

(ii.) The hydrostatic bakmci.-^Tha solid is 


weighed in air ; call this weight W ; it is then 
sus^nded by means of a fine thread from one 
of the scale pans and weighed again ; call this 
W, ; it is then suspended as before, immersed 
in water and weighed ; call this W,,. Then, by 
the principle enunciated above, tne weight of 
water displaced by the solid — that is, the weight 
of a volume of water equal to the volume of the 
solid immersed— is and the relative 

density of the solid is 

(iii.) Jolly's balance. — The principle is the 
same as that of the hydrostatic balance. 

(iv.) Nicholson's hydrometer.— Thie instru- 
ment belongs to the class of hydrometers in which 
the volume immersed is kept constant while the 
weight is changed. It consists of two cups 
connected by a fine stem on which is placed the 
mark of constant immersion. The instrument 
is placed in a vessel of distilled water of suitable 
size and the following observations are made : - 

(а) Weights, W, are placed in the upper cup 
till the instrument sinks to the mark. 

(б) The solid, together with sufficient weights, 
W^, to produce the same result, are placed in the 
upper cup. 

(c) The solid is placed in the lower cup, and 
weights, in the upper cup till the instru- 
ment sinks to the mark again. From these data 

wo find the relative density S= 

W; — W;, 

All the methods mentioned must be modified 

for 

1. Porous substances. In order to determine 
what is termed the apparent density, that is, the 
weight of the apparent volume including air 
spaces, porous substances pervious to water must 
be covered with varnish before immersion. 

2. Substances soluble in water. It is neces- 
sary to substitute for water some liquid of known 
relative density, in which the eolid*will not dis- 
solve. Then if p is the relative density of tlie 
solid when referred to the liquid of density as 
standard, its relative density referred to water is 
P-Pr 

8. Solids lighter than water, (a) A liquid of 
known density in which the solid will sink is sub- 
stituted for water. The calculation is the same 
as above in 2. (6) The solid may be attached 
to one of known weight, to, and known relative 
density, p„ and of such a volume that the two 
together will sink. The heavy solid is called a 
tinker ; the form it takes must vary according 
to the light solid, the relative density of which 
is required. The calculation is simple. Let tlio 
weight of the solid in air be W ; the total loss of 
weight on immersing sinker plus solid -W,; 

then weight of water displaced by sinker « ^ 

therefore, loss of weight on immersion due to 
light solid 

w 

and relative density of light solid » S « 

p\ 

(c) The solid may be prevented mechanically 
from rising ; this might be done by having a 
wire cage attached to the lower pans in a Jolly’s 
balance or in a Mioholson’s hydrometer. 



DENSITIES, 

It. BBXiiTIVB OEKBITIES OW LIQUIDS. —The 
standard is water at the temperatare of its 
maximum density. 

1. Experimental processes based on 
the determination of the absolute 
density are not numerous. Speoifiio gravity 
bottles which when filled up to a mark in the 
neck contain a definite volume, generally marked 
outside, are much in use. The difference be- 
tween the weight of the bottle when filled with 
liquid and when empty gives the weight of a 
known volume of liquid, from which the absolute 
density, t.e. the weight of unit volume, can be 
calculated. 

2. Experimental processes based on 
determining the ratio between a speci- 
fied mass of the liquid and that of an 
equal volume of water. 

(i.) The hydrostatic balance.— k glass rod is 
weighed first in air, then immersed in the liquid, 
and finally immersed in water. If W and W, are 
the losses of weight on immersion in the liquid 
and in water respectively, then these are the 
weights of equal volumes, as both are the weight 
of a volume of liquid equal to the volume of the 
rod. Hence the relative density of the liquid 


YT,. 

(ii.) The specific gravity bottle. — A glass 
vessel of suitable size and form is weighed when 
empty in air— let this be W ; it is then weighed 
when filled with water — let this be W^; it is 
again weighed when filled with the liquid— let 
this be W„; the relative density is given by 

the formula S » 

(iii.) Method based on the fact that when 
two columns of liquid are in equilibrium with 
each other their heights are inversely propor- 
tional to their densities.— k tube of the shape 



shown in the figure is very suitable. There 
is air between A and B, water between B and F, 
and the liquid under examination between A and 
E. The vertical distances A E and B F are 
measured — let these be h and h'; then gh»g,h, 
where p and p, are the absolute densities of the 

two liquids, but p, - 1 and p » 

fiv.) Hydrometers.— These are of various 
kinds. 

A» The volume immersed is kept constant, 
and is indicated by a mark on the stem. 
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The relative density is given by 

where G is the weight of the hydrometer, W is 
the weight necessary to make it sink to the 
mark when immersed in the liquid, and W, is 
the weight required to cause it to sink to the 
same mark when immersed in water. Nichol- 
son’s and Fahrenheit’s hydrometers belong to 
this class. 

B. The weight of the hydrometer is kept con • 
stant, and the volume immersed varies. A scale 
is attached to the stem ; this is divided dillerently 
in different types of instruments. 

a. It is divided into equal parts; to find the 
relative density it is necessary to consult a table 
in which these arbitrary units are expressed in 
terms of densities. Beaum^’s hydrometer is an 
instrument belonging to this class. 

8. The scale-readings give directly the relative 
densities sSught. In order that this may be done 
the volumes immersed must decrease in har- 
monical progression as the densities increase in 
arithmetical progression. Twaddle’s hydrometer 
belongs to this class. A difference in relative 
density of 0*005 is taken as one degree, so that 
there are 200° for a range of relative density 
between 1 and 2. Hence for a reading of n 

Twaddle, the relative density 8 = 1 + — 

(v.) Specific gravity balls. — Tliese are sets 
of small glass balls with the number indicating 
a relative density marked on each. The ex- 
perimental work consists in ascertaining which 
ball will just float in the liquid. The number 
on the ball gives directly the relative density of 
the liquid. 

The nature of the liquid, the quantity of it 
at our disposal, and the degree of accuracy re- 
quired, must decide to which of the above 
methods the preference is to be given. For very 
rapid and only approximate work it is best to 
use a hydrometer, while the specific gravity 
bottle, which can be made Very small and so as 
to present a minute surface for evaporation, is 
best for accurate work as well as for oases in 
which we have to deal with only a small quantity 
of liquid or with a very volatile liquid. 

HI. KeLATIVK DENSITIliS OF OASKS AND 
VAi'ooKS. — The standard is air at 0° and a pres- 
sure of 700 mm. Itelative densities are found 
by determining the absolute density at a known 
temperature and pressure, and then calculating 
what that density would be at 0° and 760 ram. 
pressure, on the assumption of the rigorous 
truth of Boyle’s and Charles’s laws. The ab- 
solute density of the standard, that is of air, is 
supposed known ; Rognault’s value, 0*001293, is 
generally accepted. It is to be regretted that 
the word detisity is almost universally used 
when the relative density or the specific gravity 
of a gas or vapour is meant. 

A. Relative densities of gases^ that 
is, of substances which are gaseous at the ordi- 
nary temperature. 

1. RegnauWs method.— The method first 
used by Biot a. Arago‘ was wonderfully im- 
proved by Begnault.’* A large glass balloon is 

* Biot a. Arago, * Ddtermlnation da pcidi da litre 

d'alr,’ MdnuHres dt I'Aead. 1806. ^ ^ . 

* Begoaoltw * Determination de la dca»lt6 dw gaa 

Uimoiru in XT/. 
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filled with the gas at pressure H, eud the tem- 
perature of melting ice. In order to avoid the 
very uncertain oorreotion for buoyancy in air, 
vhioh is of the greatest importance in weighing 
quantities of gas, which are often lighter than 
&e air displaced, the balloon is weighed when 
counterbalanced by one of the same volume and 
made of the same glass. It is then exhausted 
to pressure the temperature being kept at 
zero, and weighed again. The difference, W, 
between the two weights gives the weight of the 
gas filling the balloon at pressure H-7t, from 
which that at normal pressure is deduced to be 

The volume of the balloon 

H-a 

being known or determined, we possess all the 
necessary data for calculating the absolute den- 
sity of the gas. The utmost has been done from 
the physical side to secure accuracy ^n these de- 
terminations ; the great difficulty at present is to 
obtain the gases used in a state of sufficient 
chemical purity. 

2. Bunsen's method .^ — This is based on the 
law that the velocity of effusion of gases through 
fine tubes is inversely proportional to the square 
roots of their relative densities. This method is 
applicable when only small quantities of gases 
are at our disposal, and when only approximate 
values are required. 

B. Belative densities of va-pours^ that 
is, of substances which must be raised to a tern- 
pei;^ture above that of the atmosphere, in order 
to change them into gases. 

Here, again, it is the absolute density which 
is determined directly, and which is referred to 
that of air. The experimental processes consist 
either in determining the weight of a known 
volume of gas (Dumas’s method), or in determin- 
ing the volume occupied by a known weight^ 
(Gay-Lussao’s, Hofmann’s, Moyer’s method). 

Let W be the weight of any volume, v, of any 
vapour at temperature t and pressure p ; let W' 
be the weight of an 'equal volume of air at the 
same temperature and pressure ; then the rela- 
W 

tive density of the vapour d = ^ but 




where 5 is the weight of 1 t.c. of air at 0® and 
760 mm. According to this formula, in which $ 
and a are constants, four magnitudes, t;, t,p, and 
W, must be determined in order to give us d. 

Dumas's method.— Hho weight w of a thin 
glass balloon ending in* a long fine neck, when 
full of dry air at temperature T and pressure P, 
is determined. Excess of the substance to be 
vapourised is introduced into the balloon, 
which is then heated in a bath to a suitable tem- 
perature. When vapour ceases to escape from 
the neck of the balloon, the end of the neck is 
sealed by melting in the blowpipe ; the tempe- 
rature, t, of the bath, and the atmospheric pres- 
sure, j), being note^ The weight, w,, of the 
balloon full of vapour is thus determined. By 
breaking the point of the neck under water or 
mercury, the oalloon is completely filled with 
one of Hhege liquids, and the Terence between 


* Bmuen, OatomtfHitM 
■ qr. ASaltsu, vol. L pp. 


the weight of it when tilled and when empty 
gives the weight of liquid filling it; the ab- 
solute density of this liquid being known, we 
have the data required for calculating the volume 
pf the balloon. We have now obtained v, t, and 
p by direct observations. We must find the 
weight, W, of vapour filling the balloon at temp. 
t, and pressure p. 

— weight of glass 

= air filling balloon at temp. T and 

pressure P) 

= -w + w„ 

where w„ = vS. • 4- 

Gay-Ltuisac's method. -t-A tube of about half 
the barometric height, divided into cubic centi- 
metres, and completely tilled with mercury, dips 
into a trough of mercury and is surrounded by a 
vessel of water. The whole apparatus can be 
heated to the required temperature. A known 
weight of the substance contained in a small 
glass bulb is allowed to rise in the tube tilled 
with mercury. On heating the apparatus the bulb 
breaks, and the substance is changed to vapour. 
The four data necessary for substitution in the 
above formula are obtained in the following 
way 

W = the weight of substance, is obtained by 
direct weighing ; 

i; = the volume, is obtained by reading the 
volume occupied by the vapour in the 
tube in terms of scale-divisions ; 

fa the temperature of the surrounding water ; 

p is given by the difference (reduced to 0®) 
between the height of the barometer 
and the height of the mercury column 
in the tube. 

Hofmann's method . — This method is a raodifl- 
cation of that of Gay-Lussac, a tube longer than 
the barometric height being used. The observa- 
tions and calculations are the same as in Gay- 
Lussac’s method. This method has the advantage 
that the substances are volatilised at tempera- 
tures lower than their ordinary boiling-points. 

V. Meyer's method , — A known weight, W, of 
substance ‘is dropped into a glass vessel of the 
form shown in the figure. The bulb 
of the apparatus is kept at a tempera- 
ture higher than the boiling-point of 
the substance. The volume, v, of the 
air which escapes through the side 
tube, and whose place in the tube is 
taken by an equal volume of vapour, 
is collected and measured at temp, t 
and pressure p. We have so ob- 
tained all the data necessary. This 
method is very rapit(, and it possesses 
the additional advantage of not re- 
quiring a determination of the tempera- 
ture of the vapour itself, a process which 
is always attended with great uncer- 
tainties. 

Corrections to be applied in 
determinations of relative den- 
sities. The relative density being 
the ratio of two ‘absolute densities, 
we have to consider the circumstances 
whi(ffi produce a change in the absolute 
density, and how we can introduce 
suitable corrections. The absolute density being 
got by dividing the weight by the volume, it is 
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belt to consider the corrections to be applied 
to each of these two quantities separately. 

1. The weight . — In order to eliminate errors 
due to the balance we must in all accurate work 
use the method of double weighing. This gives 
the true weight in air ; the true weight in vacwr 
is given approximately by 

W •» 1 — ~ » where w = true weight in air. 

A « relative density of air at the moment of 
weighing. This will depend on, and entail 
a knowledge of, the temperature, pressure, 
and hygroscopic condition, of the air. 
r- relative density of substance weighed. The 
approximate value for this obtained by 
using the uncorrocted weight may be used, 
^-relative density of the weights. 

2. The volume. — The volume changes with 
the temperature and with the pressure. 

a. Influence of temperature.— In nearly 
all oases the volume increases as the tempera- 
ture is raised. Hence the absolute density, 
which varies inversely as the volume, decreases. 
If the volume Vo at temperature 0*^ changes to 
V| at temperature t, where Vj = V(l + to), a 
being the coefficient of cubical expansion, the 

density changes to 

It is therefore necessary in all accurate density 
determinations to state the exact temperature at 
the time of the experiment, and to record the 
result as relative density at temperature t', or if 
the determination has to be reduced to normal 
temperature, that is, to the temperature of the 
standard (4° when water, 0° when air), it is neces- 
sary to calculate what the absolute density at 
that temperature would be from the above 
formula, knowing the value for a. 

b. Influence of pressure . — The change in 
volume owing to change in atmospheric pressure 
is imperceptible in the case of liquids and solids, 
but it is fery large in the case of gases and 
vapours. Boyle’s law gives us the means of 
calculating what the volume would be at normal 
pressure, that at any other pressure being known. 
The volume being inversely proportional to the 
pressure, the absolute density is directly propor- 
tional to the pressure. 

Lord Rayleigh has pointed out (Pr. 43, 356) 
that the glass balloon used in Regnault’s method 
for determining the relative densities of gases 
when exhausted is sensibly compressed by the 
pressure of the air ; hence the tare of the balloon 
is too large because of the lessened buoyancy of 
the atmosphere, and therefore the weight of the 
gas when the balloon is filled is too small. A 
correction must therefore be experimentally made 
for each balloon used (for* method v. Lord Ray- 
leigh Lc., also Cooke and Richards, P. Am. A. 
24, 184).‘ 

* Dumas’ method for determining the relative donsitios 
of gases is described in A. Ch, [2] 33, 337 ; Gay-Lussac’s in 
Biot’s Tmiti de Phys. 1, 291 ; Hofmann’s in B. 1, 198 ; and 
Victor Meyer’s in B. 11, 1868 and 2263. For crlticiBms on, 
and modifloations of, Mftyer’s method v, B. 12, 609, and 
1112 ; 18, 401, 861, 991, 1079, 1186. and 2019 ; 14, 1727 ; and 
W, 137, 1161, and 2776 (In the laft paper by V. Mover («. 
18, 2776) will be found an interesting and valuable orltl- 
olsm of the various methods for finding the rel. densities 
of gases) ; ». also B. 16, 1061 ; 19, 1S61 ; al^o (’. J. Trani. 
for 1880, 491. Modlflcatlons of DumiiVs ujetliod are de- 
•iTibed by Bnnsen, r. AJHhoden, 2n<l ed. 187L 

p. 172 ; also by Petterssou and Kkstrand, //. 13, 1191 ; and 


It remains now to indicate In how far the de- 
termination of the density, that is, of one of the 
physical constants, of various kinds of matter is 
of importance in those investigations into the 
oonlstitution and the decompositions of matter 
with which the chemist is concerned. In these 
investigations it is oftdn found more convenient 

to deal with the reciprocal of the density 

to which the name of specific volume has been 
given. 

Let us first consider those cases in which we 
are concerned only with the constitution of sub- 
stances in the state of chemical equilibrium, and 
not with chemical change. 

1. The density being a well-defined physical 
constant, a determination of its value tells us in 
many cases whether the substance under exami- 
nation is or is not approximately pure. It must, 
however, b# borne in mind that in the case of 
many metallic elements the value of the relative 
density will depend on the previous treatment 
the substance has undergone, such as whether 
it has been hammered or drawn into wire, whether 
it has been tempered, Ac. 

2. Many tables have been compiled, in which 
the percentage of acid or of alkali contained in 
an aqueous solution of definite relative density 
is given. By the help of such tables the deter- 
mination of the relative density enables us at 
once to estimate quantitatively the acid or alkali 
present in a known volume of the solution, 

3. How the determination of the relative den- 
sity of a gas or of a vapour gives us the means 
of calculating its molecular weight will be found 
described in the article Atomic and molecclau 
WEIGHTS (vol. i. p. 336). 

4. Those elements which exist in allotroplc 
modifications, and those compounds which show 
polymorphism, diller, though often only slightly, 
in density. Thus wo have 

Sul])hur 

Octahedral .... 2 05 * 

Prismatic .... l '.)8 
Amorphous insoluble 1'95 

Carbon 

Diamond .... S -IS 

Graphite .... 2-3 

Gas carbon. . 1B85 

Titanic acid 

Rutile 1*24 

Brookite 4*16 

Anatase 3-9 


Phosphorus 
White . . 1-82 
Red . . 2-2 

Arsenious oxide 
Amorphous 
vitreous 3’7386 
Octahedral 3’696 
Rhombic . 3-85 

Calcium carbonate 
Arragonite 2-94 
Calcite . 2*72 


eBpeclally by Pawlewski. B. 16. 1293. Therpe {C. J. Tram, 
for 1880, 147-160) Ima described a very complete metboq 
based on Hofmann’s process. V. Moyer ( B. 9, 1260, and 10, 
3068) has described a method based on the displacement of 
mercury. In IF. A. 22, 466 and 493, von Klobukow de- 
scribes two processes for detennining vapour densities with 
irreat noouracy ; one Is adapted for bodies with low boiling* 
points, the other for bodi* which boil at high tempera- 
tures. La Ooste {B. 18, 2122) describes a modification ol 
W. Meyer’s apparatus whereby the vapour densities of 
easily decomposable compounds may be determined at low 
temperatures and under very small pressures, A modifi- 
cation of V. Meyer’s apparatus, by which a vapour density 
and the exaot temperature of observation can bo simulta- 
neously determined, is describfdby Nllson and Pettei-sson 
in J pr, [2] 88, 1 ; v. also ScUall, B, 20, 1488. Malfattiand 
SchTOp (Z. P, C. 1, 169) desitfibo an apparat is for deter*, 
mining vapour densities umter small pressures. 
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Bilica 

Qnartz . . . 2‘G$ 

Tridymite . . 2*3 

M. Allotropy, vol. i. p. 128). Little has been 
none as yet in tracing the connexions be- 
tween these differences intensity and the other 
physical and chemical properties of these sub- 
stances, but some interesting facts have been 
brought to light. Thus we know that long-con- 
tinued heating changes the relative density of 
anatasCt 3-9, and of broohite, 4*15, to 4*24, 
which is the relative density of rutile ; in the 
case of silica, and in that of calcium carbonate, 
the relative density of the heavier variety is 
changed into that of the lighter variety, by the 
action of heat. It has also been noticed that in 
a great many cases the higher relative density 
belongs to that allotropic modification which con- 
tains the less potential energy in so fr.r as there 
has been production of heat in the change from 
the less dense to the more dense modification. 


Thus 80 gram units of heat are produced in the 
change of 32 grams of prismatic sulphur (rel. 
dens. 1*98) into octahedral sulphur (rel. dens. 
2*05) ; the change of white phosphorus (rel. dens. 
1*8*2) to red phosphorus (rel. dens. 2‘2) is accom- 
panied by the production of about 25,000 thermal 
units per 31 grams phosphorus changed. How- 
ever, the case of the change of arragonitc (rel. 
dens. 2*94) to calcite (rel. dens. 2*72), which is 
accompanied by the production of 4,000 heat 
units per 100 grams material changed, ns well 
as other similar cases, prove that this rule is by 
no means general.* 

6. It has been observed that on bringing to- 
gether quantities a and a' of two substances of 
relative density d and d\ the resulting density is 


not given by A * 


o-f a' 



that is the resulting vo- 


lume is not the sum of the volumes of the con- 


stituents. The following cases have been inves- 
tigated : — 

I. Solution of a salt in wafer.— Contraction 
generally takes place. From measurements of 
the amount of contraction, and of the specific 
heat of the solution, and the coefilcient of expan- 
sion, Deville has calculated the amount of heat 
due to the contraction, and^ has tried to show 
that in most cases this is sufilcient to account 


for all the thermal phenomena of solution. 

It has been observed further that the amount 


of contraction increases with the quantity of the 
solvent, approaching a maximum. Also the 
amount of contraction for the same amount of 
solvent decreases as the tempeiature at which 
solution is effected is raised. The most interest- 
ing researches in connexion with this subject 
are those of Valson,® who has endeavoured to show 
that the contraction produced on dissolving a 
salt in water is made up of two parts, one of 
which is a characteristic constant of the basic 
radicle, and the other is a characteristic conr 
stant of the acidic radicle. 

II. Mixture of two liquids. — A contraction 
always takes place which varies in magnitude 


• 6t. Claire Deville, 8ur la Contraction et la Chalew 4e 
Cot^tvetion (C. li. 60). 

■ VtilHOii, h-oprieiif modulrtiret det toluiioin tallnt'i au 
feint Jf iue dti 4.iuit4s (.C'. It, GS). 


with the relative quantities of the two liquids 
used. Here again Deville has tried to explain 
the thermal effect produced on mixing the two 
liquids by means of this contraction. The vo* 
lume-change on mixing alcohol and water is the 
one which has been most thoroughly studied. 

III. Chemical action between two solutions.-^ 
The cases studied deal mainly with neutralisa- 
tion-phenomena. It has been established that 
the volume-change is expansion if the bases are 
KOH and NaOH, and contraction if the base is 
NH ,.OH. Here also the volume-change decreases 
as the temperature is raised. Ostwald, who in- 
vestigated the density- changes attendant on the 
neutralisation of dilute aqdeous solutions, has 
arrived at a law the same as that found by Val- 
son for solution. He found the volume-change 
due to chemical change to be the sum of two 
constants which belong individually to each of 
the components, and which do not depend on 
the substance with which each component com- 
bines. 

6. A knowledge of the relative density of an 
element or of a compound is necessary for the 
determination of the constants ; 


atomic volume = 


( atomic weight \ 
relative density/ 


and molecular volume = 


'molecular weight\ 

, relative density /’ 


A description of how the atomic volume, regarded 
as a periodic function of the atomic weight, assists 
in classifying the elements will be found in the 
articles Classification, chemical, and Periodic 
LAW. The generalisations arrived at with regard 
to molecular volumes of solids, and especially of 
liquids, \^ill be dealt with in the article, Specific 
VOLUMES, in vol. iv. 

7. Another physical constant which entails a 
knowledge of the relative density of a body, and 
which has led to some valuable generalisations 
as to the interdependence of chemical constitu- 
tion and physical properties, is the refraction 

equivalent. This constant is defined as 

where fi is the refractive index, M the molecular 
weight, and d the relative density, of the sub- 
stance under examination. On this subject v. 
Physical methods used in ohemistiiy. 

The cases in which a knowledge of the rela- 
tive density has been employed in the solution 
of problems belonging to chemical kinetics are 
but few. 

1. The change in the relative density of va- 
pours and gases (calculated to normal tempera- 
ture and pressure) under different temperatures 
and pressures has been utilised to trace the rate 
of decomposition relatively to the change of tem- 
perature or pressure {v. Dissociation). 

2. From a knowledge of the volume-change 
produced on neutralising a base A by an acid B, 
and on neutralising A by another acid C, as well 
as from knowing the specific volume of a solu- 
tion containing A, B, and 0, in equivalent quan- 
tities, Ostwald dedubed the chemical composi- 
tion of this solution, that is, he determined the 
ratio between the quantities present of AB and 
AC. The knowledge of this ratio enabled him 
to calculate the ooefiioients of relative affinity 
of the acids B and G (v. Affinity, vol. i. p. 75). 
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8 . In his roseaTohcs on the velocity of ohemi- 
oal change as dependent on the varying conditions 
of the experiment, van ’t HoS‘ investigated the 
velocity of the change of rhombic sulphur into 
monosymmetrio by observing the increase in, 
volume at fixed intervals of time. The increase 
in volume being due to the change of rhombo- 
hedral sulphur of relative density 2-05 into 
oblique sulphur of relative density 1'98. I. F. 

DEOXIDATION. This term was originally 
used to denote any process wherein oxygen was 
removed, wholly or in part, from a compound. 
Thus the formation of KCIO, by heating KCIO 4 , 


several classes of compounds to produce le8i| 
oxidised bodies is called a deoxidising agent or 
rediicing agent ; while any element or compound 
which generally reacts to form bodies more 
oxidised than the original substances is called 
an oxidising agent or oxidiser. Probably every 
element and compound takes part in some 
chemical changes in which it acts either as an 
oxidiser or a deoxidiser ; but these terms are 
generally confined to such elements and com* 
pounds as frequently react in the way indicated 
by the names. The following equations exhibit 
some common ca^es of deoxidation : — 


Original el(‘mout or 
compound" 

0 , 

(in this case the 


Deoxidiser Deoxidised product Oxidised product 

+ 2 H, = 2H2O + (^RP) 

water may be regarded as produced either by the oxidation of 


Cl,. 

+ 

H, 

2IiCl 

+ 

(2nci) 

o; 

+ 

Hg 

0 , 

+ 

HgO 


(in this case the 

ozone is reduced to oxygen) 

2C1,, 

+ 

2 HgO 

- Hg.OCl, 

-h 

Cl.O 

Cl, 

-H 

K.FeCy. 

' KCl 

+ 

K,FeCy„ 

2 HN 0 j 

+ 

Sn 

N.A 

+ 

SnO„ + H .,0 

2KC10j 

-t- 

3C 

2KCI 

+ 

3C0,; 

Fe,03 

+ 

3H, 

2Fe 


3H,0 

CuO 


CO 

ra CU 

+ 

CO, 

BeCl, 

+ 

Na 

=: Bo 

+ 

2NaCl 

Fo.,(SO,),Aq 

+ 

SO, 

» 2FeS0,Aq 

+ 

2S0,Aq 

2 FoCl 3 Aq 

4- 

Zn 

2FcCI Aq 

+ 

ZnCl,Aq 

H ,0,Aq 

+ 

HNO.Aq 

li.o 

+ 

llNOAq 

2HgCL,Aq 

+ 

SnClAq 

= 21IgCl 

+ 

SnCl.Aq 

HgCl.Aq 

+ 

SnClAq 

ilg 

+ 

SnCl|Aq 

2AgN0,Aq + H,0 

-f- 

C.H 4 O 

=* 2Ag 

+ 

C.,H,0, + 2nN0,Aq 

K.,Mn 0,Aq 

+ 

.qiiCAAq 

K,0Aq + 2Mn0, 

+ 

3HO + GCO. 

FcCl^Aq 

+ 

KlAq 

- FeCl,Aq + I 


KCiAq 


as well as that of KOI by heating KCIO,, are 
alike deoxidations ; similarly the production of 
Cr.p, from CrO, by the action of alcohol, and 
the formation of Or by boating CrjO, with 
carbon, are deoxidations. But as the term 
oxidation {q. v.) has been widened to include 
those chemical reactions wherein the negative 
or acidic radicle of a compound is increased 
rel lively to the rest of the body, and also those 
wherein an element combines with a more nega- 
tive element, or with a radicle more negative than 
itself, so has the term deoxidation, been extended 
until it is now generally applied to all processes 
which result in the withdrawal of the whole or 
a part of the negative radicle of a compound. 

The terms deoxidation and reduction are 
practically synonymous ; the latter is more com- 
monly used than the former. 

As thus employed the terms deoxidation and 
oxidation are correlative; tlfe deoxidation of one 
body is accompanied by the oxidatio* of another. 
Thus, to take a very simple case, when hydrogen 
is burnt in oxygen with production of water, the 
hydrogen is oxidised and the oxygen may be said 
to be deoxidised. If the reaction is represented 
in molecular formuls the processes of oxidation 
and deoxidation are made apparent ; 2HH 00 
■■2H.p. Similarly, when hydrogen and chlorine 
combine, HH + Old = 2H01, the hydrogen is 
oxidised while tiie chlorine is deoxidised or 
reduced. 

Any element or compound which reacts with 
« JkuOu <U D^namtgui CMmiitm* 


Among tlie substances commonly used in Ihp 
laboratory to accomplish deoxidations, hydrogen, 
carbon, carbon monoxide, sulphur dioxide, ni- 
trous acid or a nitrite, stannous chloride, and 
aldehyde are prominent. The conditions under 
which deoxidations occur vary much : thus, 
IlgCl^Aq is almost instantly reduced by SnCl._j at 
the ordinary temperature ; to reduce Fe.^(SO J^Aq 
completely to FeSO, by SOj the gas must be 
Iiassed into the liquid for a long time, even when 
the liquid is kept hot ; K^MnP^Aq is reduced by 
HjOp^Aci rapidly if the liquid is warm and con- 
tains suHicieut to dissolve the MnO* pro- 

duced ; to effect the complete reduction of 
FeClaAq by KI the iquid must be slightly acid, 
and the rcaotion should proceed for some time 
at a fairly high temperature and under increased 
pressure ; Fe^^Oj is deoxidised by H when a 
stream of the gas is passed over the heated 
oxide ; to reduce BeClj by Na the ohloiide must 
be kept molten (c/. articles Combustion, Oxida- 
tion, Keduotion). M. M. P. M. 

DEOXT- V. Desoxy-. 

DEOXYBENZOIN v. Phenyl benzyl kbtons. 

DEOXT-BENZO^N•iK£TIC A(DD v.Phsnyl. 

BENZOYL-PROPIONIO ACID. 

*DEOXY-BENZOlN CABBOXYLIC AOIB 
Phenyl benzyl ketone oabboxylio acid. 

Anhydride v. BsNZYLiDBNE-PHTHALZDa* 

DESUOTBOPY. A term given to the break- 
ing up of the ‘double bonds’ in the benze&e 
ring. Thus phlorogluoin forms a penta^ethyl 
I derivative in which the five ethyl groups art 
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directly nnited to ring carbon atoms. The oon- 
•titotion of this body, according to Herzig a. 

CEt:C(OH).CEta 
Zeisel {M. 9, 217), must be | | . 

CO . CEt.> . CO 

DSSOXALIO ACID C,H,0, i.e. 

CO|H.CH(OH) .0(0H) (COjH) j. Carboxij^raceynic 
acid. Its ether is formed, together with a syrupy 
isomeride (Brunner, B. 12, 642) and other pro- 
ducts, by the action of 3 p.o. sodium-amalgam 
on cold oxalic other. After saponification by 
KOH the free acid is obtained by exactly neu- 
tralising the Ba salt by H^SO^ and evaporating 
at 46® fLbwig, J. pr, 79, 455 ; 83, 139 ; 84, 1; 
Klein, J.pr. [2] 20, 146). 

Properties. — Hygroscopic crystalline mass 
(cbntaining aq). V. e. sol. water and alcohol, 
vecompos^ by heat. Its solution evolves CO.^ 
on evaporating above 60°, leaving racemic acid. 

Salts.— Na,A'".— K,HA'". S.^6'2 at 10°: 

crystalline crusts. — K,A'" : gummy.— Ba 3 A'" 22 aq. 
— Ca,A"', 8aq.— Pb,A'"20,.— Agn A'". 

Ethyl ether EtjA'": [85°]. S. 10 at 10^ 
Triclinic crystals, n:6:c = ‘422:l:*757; a = 84°27', 
j8«90° 32', 7 = 90° 6'. 

Acetyl derivatives CJIjAcOh and 
O^H^AOjOg are non-hygroscopic oils, not deconi- 
posed at 120°. 

Benzoyl derivatives C 3 H 3 BzO^ and 
CgHgBzjOg are oils, not decomposed at 110°. 

Amide. Amorphous (Brunner). 

DESOXY-AMALIC ACID v. Amalic acid. 

DESOXT-BENZOIN v. Puenvl dknzvl ke- 
rOKiB. 

DE80XY-CH0LIC ACID v. Cholic acid. 

DESOXY-CODElNE v. Codeine. 

DESOXY-CDMINOlN v. Cuminoin. 

DEDTEKO-ALBVHOSE v. Proteids. 

DEXTEAKE C.H.oOg (at 130°), [a],, = 223°, 
A gummy substance occurring in unripe beet- 
root (Soheibler, J. T. C. 1876, 790). Formed 
also in the lactic fermentation of sugar (Tieg- 
hem, Jahres. d. Aariculturchemie, 1879, 644). 
Amorphous ; v. sol! water, forming a sticky li- 

2 aid. Insipid taste. Its cone, aqueous solution 
\ ppd. by lead subacetate, and gives with I’eh- 
ling’s solution a light-blue sticky pp., no reduc- 
tion taking place. Boiling dilute H^SO, con- 
verts it into glucose. HNO^ gives oxalic acid 
only. Iodine gives no colouration. 

Animal dextrane CgHioOj. [a]D = 157°. Se- 
creted by Schizoneura lanuginosa, a louse that 
forms g^s on elm trees. Amorphous. SI. sol. 
cold, more sol. boiling, water, insol. alcohol and 
ether. Fehling's solution gives a gelatinous 
ooagulum, without reduction. Iodine gives no 
eolonr. Boiling dilute HsSO^ gives a substance 
that reduces Fehling’s solution (L. Liebermann, 
Pf, 40, 464). 

DEXTRIH nCisHjgOig. Although this term 
has been in use for a long time, and a correct 
percentage composition stated for the body it 
represents, it is only rqf.ently that its characters 
have ^n more accurately defined, and a place 
given to it among chemical compounds. Most 
of the substances to which the term has hitherto 
been given have many properties in common 
with dextrin, but it is evident that many of these 
hold no relation to it, and many more of them 
are impure conditions of it. 

Oc^rHnce,-^{a) Dextrin is said to be present 


in the sap of plants and in most seeds. The 
evidence of this is, however, altogether unsstis* 
factory, other bodies possessing some of its pro- 
perties being in most cases mistaken for it.— 
(b) It is a constituent of the juice of horse-flesh 
.(Limprioht, J. 1866, 673), and it is probable, 
I though not proved, that the body therein found 
is true dextrin.—(c) Keichardt {Ar. Fh. [3] 6, 
502) states that tlie urine of diabetic patients, 
under certain conditions, contains dextrin ; but 
from his description it is impossible to say 
whether the body he had under observation was 
dextrin or not.— (t^) Dried starch, heated to 
210° and maintained at that temperature for 
some time, yields a product known as British 
gum or commercial dextrih.— (c) By moistening 
I the starch with dilute nitric acid, and drying 
before heating, this conversion is expedited. — 
j (/) Digestion with dilute acids, inorganic and 
organic, converts starch into dextrin and other 
' bodies. The commercial products from these 
j sources contain dextrin or dextrins, but there 
• are no analyses of them to show what dextrins 
' they contain. For the action of heat and acids 
on starch see Biot and Persoz, A. Ch. [2] 62, 72 ; 
Paycn, ihul. 65, 226 ; Gl, 372 ; 65, 225, 334 ; 

, Gu6rin-Varr.ay, ibid-. 60, 68 ; Jacquelain, ibid. 

: [3] 8, 225 ; Bechamp, C. 11. 51, 256 ; Anthon, 
D.P. J. 218, 182; 219, 457; O’Sullivan, C. J. 

I 25, 681. — ({/) When starch paste is submitted 
! to the action of the unorganised ferment found 
I in germinated grain, and known as diastase, 

, dextrins, among other substances, are produced. 
It is one of the bodies derived from this source 
upon which we shall look as a chemical entity, 
and describe as dextrin ; and it is only in as far as 
the bodies hitherto called dextrin, and obtained 
from the various sources above mentioned, agree 
I in properties with those we shall find this to 
I possess that we can consider them dextrin. — {h) 
Dextrin is found in beer, and is probably present 
in bread, being the product of the action of diastase 
on starch. — (t) Cellulose is converted into dextrin 
I by the action of sulphuric acid (Branomot, A. Ch. 

1 12, 172), but the identity of the body thus pro- 
j duced is not established.— (J) Dextrose is said 
' to be converted into dextrin (Musculus, Bl. [2] 
18, 06) by submitting the sulpho-glucosic acid 
to the action of spirit containing 95 p.c. alcohol. 

I This, from its optical activity, is not pure dextrin, 
i Preparation . — 100 grams of carefully purified 

! potato starch (any other starch would answer, 
j but this is most easily manipulated) are stirred 
; up with 200 c.c. of water at 55 ^-60°, and as soon 
as the granules are thoroughly dispersed through 
the liquid 400 to 600 c.c. of boiling water are 
added with continual stirring. In this way an 
almost transparent ^and perfectly homogeneous 
paste is obtained. This is cooled to 62°, and a 
solution containing, in 60 c.c., 1 to 1*6 grams 
diastase,' or its equivalent in cold malt-extract 
added to it, and the mixture maintained at 
I 60°-G3° until the filtrate from a portion cooled 
no longer gives a colouration with iodine, and it is 

* It Iq Iraiiosaible to stnte an exact quantity of the pre- 
paration of tlia^tnse cr of cold malt-extract, because the 
activity of the extract from a definite quantity of malt, 
and of the preparation of diastase, varies very consider- 
ably. A few c*xperiuiea'/j will, however, be sufficient to 
j detcnninc the qiirnitity of eitlier ueoessary to traa-iform 
starch paste into products having an uptical aotlviU 

I 
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found that the optical activity of the solid matter 
in solution (v. Sacohabimetby) is [a]}«176‘6° 
(O’Sullivan, J. 0. [2] 17, 126), lG6-7° (Brown a. 
Morris, ibid. 47, 527). If the diastase is fairly 
active, and the proportion above given employed, , 
this point is reached in five minutes’ digestion or 
loss; but inasmuch as, if the diastase is not 
very active, no further conversion to any extent 
takes place in a moderate time, the digestion 
may be continued for 15 or 30 minutes without 
any injurious effect. The solution is then cooled 
and filtered, to remove a slight turbidity due to 
a little flocculent matter from the diastase and 
impurity from the starch or undissolved, because 
ungelatinised, starch. •The filtrate is then quickly 
boiled and evaporated, best under diminished 
pressure in a vacuum vessel, to about 200 c.c., 
and alcohol (S.G. *83) added until a precipitate 
begins to form ; a little more alcohol is added, 
and the mixture allowed to stand until the syrupy 
layer collects at the bottom. The clear super- 
natant liquid is decanted off, and the syrup 
washed with alcohol. This is dextrin more or 
less contaminated with maltose and a constituent 
of the diastase ; the former can be completely, 
but with difficulty, separated by repeatedly dis- 
solving in water, and carefully precipitating with 
alcohol in the least possible excess, until a 
portion of the precipitate, dissolved in water, 
no longer gives a reaction when boiled for three 
or four minutes with Fehling’s solution. The 
diastase bodies are separated also with difficulty : 
the precipitate, freed from maltose, is dissolved 
in a little water and alcohol gradually added, 
until 6 to 10 p.c. of the whole is precipitated, 
pure dextrin remains in the supernatant liquid, 
and is precipitated from it by strong alcohol. To 
obtain it in the dry state the precipitate is 
treated with absolute alcohol, which extracts 
water from it, and renders it capable of being 
rubbed down to a white hygroscopic powder. 
The dextrin thus dried retains alcohol with much 
pertinacity, and if it bo required to obtain a pro- 
})aration absolutely free from that body, the 
j)owdor must bo dissolved in a little water, and 
boiled in a vacuum vessel until all alcohol is 
eliminated, and the solution reduced to a thick 
syrup. It is then transferred, in small quanti- 
ties at a time, to an evaporating dish, and, while 
hot, placed under the bell glass of an air-pump 
over sulphuric acid and the air pumped out. If 
the syrup was sufficiently thick it swells up and 
blows out from loss of water. When this cools 
it becomes a porous, brittle, glassy mass, which 
can be rubbed down to a white powder if allowed 
to stand over sulphuric acid for a day or two, or 
in a few hours if the temperature of the dish be 
maintained by a steam coil in the air-pump re- 
ceiver. Bro^v^l and Morris, acting ofl a suggestion 
of Wiley {0. N. 46, 175), propose to remove the 
last traces of maltose by treating a solution of 
the impure dextrin with a slight excess of a 
solution containing equal weights of mercurio 
cyanide and caustic soda until no further re- 
duction takes place. This product would have 
to bo purified from the materials employed, 
from the decomposition products, Ac. This 
could probably be accomplished by neutralising 
with hydrochloric acid, evaporating to a syrup 
in a vacuum vessel, and submitting to dialysis, 
precipitating the dextrin in tht concentrated 


solution with alcohol, and further purifying by 
partial precipitation with some reagent until the 
optical activity of the chief product becomes 
constant. 

Properfisa.— Dextrin is uncry stallisable ; dried 
as described above, i1^ is a glassy, ooiourless 
body, capable of being rubbed down to a white 
powder. It is without marked taste, and is 
colourless. Its solutions are neutral. It is easily 
soluble in water, and solutions containing as 
much as 80 p.c. of the body, although syrupy, 
are thin-fluid. It is slightly soluble in dilute 
spirit, but insoluble in spirit containing 60 p.o. 
alcohol. It is not coloured by iodine. Exposed 
to moist air, and then allowed to stand over 
sulphuric acid, its weight becomes constant, 
when it contains from 9*5 to 10 p.o. water. This 
is almost completely lost in a vacuum over sul- 
phuric acid, and completely in a current of dry 
air at 100®. • The quantity of water corresponds 
to the formula n(C,.^H 2 oO,o 20 H 2 ), and the amount 
of carbon and hydrogen yielded by the dry body 
agree well with the formula CiiH.^uOu. It is not 
precipitated by lime or baryta water, but it forms 
compounds with those earths which are insoluble 
in alcohol. It is precipitated by ammoniacal 
lead acetate, but not by the neutral or basic salt 
alone. Dilute sulphuric acid converts dextrin 
into maltose, and thence into dextrose, according 
to the equations CijHjoOio + OHj^CuH^O,, and 
+ OH.^ = 20uH,.Pa. The phases of this 
reaction have as yet not been fully worked out. 
Diastase converts it slowly into maltose. Nitric 
acid converts dextrin into saccharic and oxalic 
acids. With a mixture of nitric and sulphuric 
acids it yields a nitrate, 0 sH 8 (N 0 .^)j 05 , dinitrate 
according to B6champ. By dissolving dextrin 
in acetic anhydride, and heating to 160®, tri- 
acetyl dextrin is produced (Sohutzenberger a. 
Naudin, G. B. 68, 814), but these substitution pro- 
ducts require further investigation. A solution of 
10 grams dry dextrin in 100 c.c. — a vessel bolding 
exactly 100 grams water at 15»5 — has a S.G. 1*0896, 
and its apparent optical activity is [a]j = 222, 
* C«]u = 200*4. These are good working factors ; 
but a careful and accurate determination of 
them is yet required. Under the influence 
of ordinary sacoharomyces it is not converted 
into alcohol (fermented) in a moderate time ; ip 
presence of active ^astase and this organism it 
ferments easily. Besides the dextrin here de- 
scribed, there are other dextrins to be found 
amongst the products of the action of diastaiw 
and of acids upon starch [v. Stabch), but experi- 
menters with these bodies are not yet agreed as 
to their number or properties. Most of the pro- 
perties just described are common to all the 
dextrins; but the distinguishing character of 
the dextrin of which we write is the action of 
diastase upon it. When a solution containing 
dextrin and diastase, in the proportion of 1 of 
the latter to 100 of the former, is digested at 
60°-63® DO more maltose is formed in the first 
fiye minutes than in the second five, in propor- 
tion to the amount of dextrin in solution, the 
conversion being a very slow and gradual process. 

It may be fairly said that the opinions of 
Bondoneau (C. B. 81, 972, 1210) and those of 
Musculns and Gruber (BL 80, 54) have been 
shown to be untenable. The former describes 
thre$ dextrins with different optical aetlvities 
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and lowers of reducing copper oxide ; the latter 
mentions three not coloured by iodine, of different 
optical activity, two having the same reducing 
power, and the third a higher power. O’Sullivan 
jO. J. 85, 770) isolated and described three, and 
mdicated the existence fit a fourth dextrin, all 
possessing the same optical activity as that 
given above, and being without reducing action 
on alkaline copper solution. Brown and Heron 
{C, J. 86, 696) and Brown and Morris {ib. 47, 627) 
maintain the evidence of eight dextrins without 
isolating any of them, but confirm O’Sullivan’s 
observations that all the dextrins have the same 
optical activity aj = 222, and that they are with- 
out action on alkaline copper solution. The 
^-dextrin-iii of O’Sullivan, and the final dextrin 
of Brown and Morris, agree in properties ; it is 
the dextrin described. All the dextrins are white, 
glassy, friable bodies, v. sol. water, and insol. 
strong alcohol. O’Sullivan chara'sterises the 
dextrins as follows :—a-dcxtrm, coloured by 
iodine reddish-brown, unacted upon, or but 
slightly, by diastase at 69*^ 70*^; at 66°-(>7'^, 
17'4 p.o., on transformed products, of maltose is 
produced in four to ten minutes, there being no 
increase in the next two hours if the diastase is 
not in excess and the temperature maintained ; 
at 66®-66°, 34’6 p.c. maltose is formed ; at 
61*2 p.o. ; and below 62°, 67‘8 p.c. This would 
indicate the molecule of this dextrin to be at 
least ^-dextrin, not coloured by 

iodine. j3-dextrin-i is not acted upon, or but 
slightly, by diastase at 66° ; at 63°-64° it yields 
in five or ten minutes 34’6 p.c. maltose ; at 
01°-62° the same quantity is observed, and at 
68®-69° there is no increase in the yield ; this 
would indicate the formula OauH^pOso for j8-dex- 
trin-i, if the formula of /3-dextrin-iii be taken as 
According to Brown and Morris (Z.c.) 
toere are eight dextrin8,beginning withC,„gII,gttO,o» 
each differing from the one below it by the group 
0,tHjoO,„buttheydo not appear to have prepared 
any one of the bodies in a pure state. They deter- 
mine the position in the series of an unknown 
one of them by the amount of maltose that it is 
capable of yielding when acted upon by diastase 
at 60° (C. J. 47, 643). All the high dextrins are 
acted upon in a fermenting solution, and yield 
maltose, and thence alcohol, the lowest dextrin 
being left. Although the researches referred to 
herein have thrown much" light on the nature 
and character of the dextrin bodies, much still 
remains to be done before we can consider our 
knowledge complete. 

Estimation.— In substances from which dex- 
trin has not hitherto been isolated, and in which 
its presence is suspected from the optical acti- 
vity of their solution, or the nature of their 
source, before any attempt at estimation is 
made, it would be necessary to prove its presence 
by eliminating the bodies with which it may be 
accompanied by processes indicated above, and 
comparing the properties of the body isolated 
with those herein given for dextrin. The esti- 
mation may then be effected after the manner 
indicated below, attention being given to the 
nature of the bodies with which it may be 
accompanied. In products in which the presence 
of dextrin is well established, viz. the various 
commercial sugars obtained by the action of 
Bfiids on starch, malt-extract, beer, and such 


products, dextrin is estimated as follows i—l 
the commercial starch sttgars a known weight c 
the sugar (16 g. or thereabouts is a suitabl 
quantity) is dissolved in a small quantity c 
boiling water, the solution cooled and then mad 
up to 100 c.c. This is submitted to fermentatioi 
with 0'6 g. yeast, and the fermentation pushei 
as far as possible. The alcohol is eliminates 
by distillation, the residue filtered and made u] 
to 100 cc. with the washings ; of this an optica 
activity is taken and K determined (v. Sac 
CHAiuMETRy) ; if the latter indicates more thar 
16 p.c. calculated on the solid matter unfer 
mented, the solution must again be submittec 
to fermentation, and the amount of reducing 
sugar further diminished ; if less, the reducine 
body may be taken as maltose, and the calcula- 
tion made accordingly. 

Example.— 16 g. glucose syrup dissolved to 
100 c.c., submitted to fermentation with 0*6 g. 
yeast, yielded 100 c.c. of residue of S.G. 1*0012 
= about 3*038 g. solid matter per 100 c.c. 18*57 g. 
of this solution yielded 0*087 g. CuO ; this corre- 
sponds to *087 V *7266 * = *0631 g. maltose, and 
to a total amount of maltose in the 100 c.c. of 

^12^x == -3402 g., or to *087 x *4635 

■= *0.394 g. dcxlro.se, giving a total amount of 
dextrose in the 100 c.c. of ® *2124 g. 

This is less than 16 p.o. on the solid matter in 
solution, hence the reduction found above is 
taken as maltose. The optical activity of the 
solution was 26*5 divisions of a Boleil-Ventzko- 
ScheibJer saccharimeter ; this corresponds to 

26:5-*34 >^^2'143 dextrin, and as the solid 

11*56 

matter was found to be 82*0 p.o. of the syrup the 
dextrin is 17*4 p.c. of the solid matter. In 
beer the estimation is made in the same way, 
only, as a rule, in a beer of euy age the 
cupric oxide reduced may be calculated as mal- 
tose without further consideration, a correction 
of *0008 g. being subtracted from the weight of 
CuO for every gram of beer taken for the reduc- 
tion. In malt-extract the estimation is effected 
in the same manner as described for sugar syrup 
above, the procedure after fermentation being 
the same as followed in the case of beer. Should 
active diastase be present in the malt-extract, 
as is usually the case in the best preparations, 
the solution should be boiled before fermentation. 
According to Wiley (C. N. 46, 176) dextrin can be 
estimated in the starch products by eliminating 
the reducing bodies by alkaline solution of mer- 
cury dicyanide. He proceeds as follows The 
mercury solution is'^raade by dissolving 120 g. 
HgCy, and 120g. NaOH in water, and making 
up to 1 litre. 1 g. of the sugar to be examined 
is dissolved in 10 c.c. ; this is boiled for two or 
three minutes with an excess of the mercury 
solution, of which 25 c.c. will as a rule be found 
sufficient. The solution is cooled, neutralised 
with HCl, and the bulk made up to 60o.o. An 
observation of the* optical activity of this solu- 
tion gives the dextrin. For example, the 
optical activity of a solution, prepared as 
described, and observed in a 200 mm. tube, 
was found to be 2*3 divisions of a S.y.S. 

‘ 0ttOx0*7SM«maltOM oorreiipondixtg to CuO. 
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gaocharimeter— 2*3 -j- 11*66 - 20 g. dextrin in 
100 O.O., i.e. •! g* in 60 c.o. 1 g. sugar yields 
•1 g, dextrin or lOp.o. (Further on this subject 
V . Saochammbtry.) If any of the higher dextrine 
should be present the quantity could be approxi-, 
mately estimated by the action of malt-extract 
at the various temperatures indicated above, 
and the position and approximate quantity of 
the dextrin inferred from the amount of maltose 
formed in five to ten minutes. 0. O’S. 

DEXTRO'. Compounds beginning with this 
prefix, indicating a right-handed rotatory effect 
on light, are described under the remaining part 
of the name; e.g. dextro-tartario acid under 
Tahtario acid. • 

DEXTRONIC ACID v. Gluconic acid. 

DEXTROSE V. Sugars. 

DI-. When this prefix is used in a numerical 
sense it is entirely left out of account in deter- 
mining the alphabetical position assigned to a 
compound in this dictionary. 

DIALURIC ACID C,H^N,0, i.e, | 

co<nh;co>®.oh. Tartronyl-urea. Mol. 


W. 

Formation.— 1. By passing H.^S through a 
boiling aqueous solution of alloxan (Liebig a. 
Wohler, A. 26, 276).— 2. By treating alloxan 
with zinc and HCl.— 3. By dissolving uric acid 
in dilute HNO* and adding ammonium sulphide. 
4. By treating an aqueous solution of alloxan 
with ammonium or potassium cyanide (Strocker, 
A. 113, 4!)).— 6, By treating alloxantin with 
sodium amalgam (Baeyer, A. 127, 12). — 6. By 
treating di-bromo-barbiturio acid with H^S 
(Baeyer, A. 130, 133). 

Propc 7 'ties, — Needles, si. sol. water, acid to 
litmus. Oxidised by moist air to alloxantin. 
Combines with alloxan fonning alloxantin. 
Heated with glycerin at 100^ it forms hydurilic 
acid. 

Salt8.-5-NH,A'; silky needles; converted 
at 100*^ into blood red raurexide. — KA' (c/. Men- 
Bchutkin, A. 182, 70). Urea dialurate 
C 0 N.;tI,C^H 4 Nj 04 ; stellate crystals (Mulder, B. 


6 , 1010 ). 

' NII-C(OH) 

Iso - dialurio acid CO<(^ ^COH. 

Nil -CO 

IsO‘iartronyl urea. Formed by the action of 
bromine water on isobarbituric acid, amido- 
uracil, or hydroxanthine (Behrend a. Kooson, 
J5. 21, 1000). Prisms (containing 2aq). V. sol. 
water. Stable towards oxidising agents. Is 
converted by warming with urea and cone. 
H^SO, into what is believe^ to be uric acid. 

DIALYSIS. The separation of certain sub- 
stances by liquid diffusion; u. DIffusion and 
Physical methods, vol. iv. p. 172. 

DIAMOND V. Carbon, vol. i. pp. 686, 686, 
687. 

DIASTASE C 44*33, H 6-98, N 8*92, S 1*07, 
0 82-91, ash 4*79. The substance that enables 
malt to convert starch into dextrin and sugar. 
Green barley malt is digested with dilute alcohol 
(20 p.c.) for 24 hours ; the extract is ppd. with 
21 vols. absolute alcohol, and the pp. washed 
with alcohol and ether (O'Sullivan, C. tf. 46, 2; 
Lintncr, J. jrr. [2] 84, 880 ; 36, 481). 

Cannot be purified by ppg. 


with basic lead acetate (L.) ; purified by repeated 
solution in water and ppn. with alcohol ; the 
ash can be reduced by dialysis to less than 6 p.o. 
consisting of calcium phosphate. 

Properties.— Amorphous ; has not been ob- 
tained pure. Its action on starch is prevented 
by strong acids or alkalis, by salts of Cu,Hg, and 
Ag, by alum, and by Fe^Cl,, but not by phenol, 
Hydroxylamine, formic aldehyde, and nitroua 
acid at 40° render diastase inactive (Loew,»ir.pr. 
[2] 37, 101). Presence of COj accelerates the 
power of diastase to convert starch into sugar 
(Baswitz, B. 11, 1443). Above 63° the ferment- 
ing power is weakened. 

Reactioun—l. Does not reduce Fehling’s 
solution even after boiling with HCl.— 2. Does 
not give a violet colour with CuSO, and KOH. — 

3. Ppd. by boiling. — 4. HCl gives a pp., sol. 
NaOlI. - 6. HOAo a pp. sol. excess. — 6. HgCl, a 
pp. — 7. Baiffc lead acetate a pp. — 8. HOAo and 
K,FeCyu a pp. --9. Millon’s reagent gives albu- 
men reaction. — 10. Warmed with fuming HCl a 
violetcolour. — 11. Guaiacum tincture mixed with 
a little H-Pj gives a blue colour. 

References. — Payen a. Persoz, A. Ch. [2] 63, 
73; 66, 237; 60, 441; 61, 361; Gu6rin-Varry, 
A. Ch. 67, 108; 60, 22 ; 61, 22 ; Bouchardat, A. 
Ch. [3] 14, 61 ; Fankhauscr, Bied. Centr. 1888, 
205 ; Defresne, C. R. 80, 1070 ; Brasse, C. R. 
100, 454 ; H. Muller, Ann. Agronom. 12, 481 ; 
Bourquelot, C. R. 104, 676 ; Kjeldahl, 0. 38, 

562 ; Zulkowski a. Benner, C. J. 38, 661 ; B. C. 
1879, 929; Schartler, C. C. 1887, 634 ; Huppe, 
C. J. 44, 101 ; Schneider, C. J. 46, 1366 ; Herz- 
field, B. C. 10, 203 ; Stutzer a. Isbert, H. 12, 72). 

V. also Fermentation, Dextrin, Starch, and 
Sugars. 

Diastase of K6ji. K6ji is used in Japan to 
make beer. It is formed by steaming rice-grains 
and leaving them till a fungus grows on them. 
An aqueous infusion of this K6ji acts somewhat 
like malt-extract, for it inverts cane-sugar and 
hydrates maltose and dextrin, and it liquefies 
starch paste, forming first maltose and dextrin, 
then glucose and dextrin (R. W. Atkinson, Pr. 
31, 623 ; 32, 299). The diastase-like ferment is 
obtained from the albuminous matters in the 
rice through changes produced by the growth 
of the fungus. 

DIATEREBIC ACID v. Terebio acid. 

DIATEREBILENIC ACID v. Terebilenio 

ACID. 

DIATERPENYLIC ACID v. Tebpkntlio Aon>. 

DICHROlNS. A name given by Brunner and 
Chuit {B. 21, 249) to the fluorescent colouring 
matters obtained in Liebermaun’s reaction by 
treatment of phenols with cone. H^SO, and 
nitrous acid. They are obtained by the action 
of HjSO^ saturated with nitrous acid on para- 
I nitrosophenols ; but only those polyhydrio 
phenols having the hydroxyl-groups in the meta- 
positions to one another yield dichrolns. The 
diohroinsare dividedinfb (a) -dichrofns containing 
the complex 0„.N:(O.OJj, and (B)-dichroJn8 with 

the group C4.N<Q>0a. The colouring matters 

C„H,jNO from phenol, C.gH.jNO^ 
from resorcin, and OjiHjjNOu fro 
to the (a) -group, whilst the {$)■_ _ 

OwH„NO, from orcin, azoresorcin, azoresoruftn, 
and azoresorufin ether; the last three are 


andOMH^NjO,, 
im oroin Wong 
■group inoludes 
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gpeoUvely (ffj-moToin-, di-ttj-rosoroin-, and 
tetra-(;3)-rdsofi‘oln-diohrolD Brunner and 
P. Ghait, B. 21. 2479). 

ChrQins, — Ghroins are colouring matters re> 
gnlting from the action of H,S04 containing ni- 
trous acid on nitroso-pher^ls, >vhioh are analogous 
V> the quinoneoximes, and they appear to con- 
tain the (0,)^-a-N:(0,)^ 

Oi^onroins.—Oxychroins are bodies bearing 
a similar relation to nitro-phenols as dichroins 
do to nitroso-phenols. They are obtained in 
most reactions along with the dichroins during 
the preparation of the latter. They are richer 
in oxygen than dichroins and do not fluoresce. 

BlCHBOlSM. The property exhibited by 
many doubly refracting crystals of showing dif- 
ferent colours when examined in different direc- 
tions. 

DICHBOMATES. Salts of the hypothetical 
acid ll.fir.fi j v. Chbomium, acids oF.rp. 164, 157. 

DICONIO ACID C,H,„0«. [200®]. Formed 

by beating citric acid with cone. HClAq at 200® 
(Hergt, J.pr, [2] 8, 372) ; aconitic acid seems to 
DC an intermediate body. Small crystals, v. sol. 
water, alcohol, and ether. Beddena litmus. 

Salts. — deliquescent. — - 

[96®] ; deliquescent crystalline mass.— BaA"14aq: 
more sol. cold than hot water.—BaHjAj.— 
SrA"6aq.— CaA"aq. — MgA"Caq: hard crystal- 
line crusts, V. sol. water.— Fe(OH)2HA" (?).— 
MnA" 6aq : plates. — CoA"6aq : rose-coloured 
monoclinic plates.— -NiA" 6aq.— ZnA"6aq : mo- 
noclinio plates. — ZnH2A"2 7aq. — CuA"8aq : 
bluish-green prisms.— SnA''Sn04aq : insoluble 
PP- 

Diethyl ether "Eiji.'', Oil. 

DIDYMIDM Di. At. w. 143 (exact value 
doubtful). Mol. w. unknown. S.G. 6*544. S.H. 
*04668 (Hillebrand, I\ 158, 71). Melts above 
Ce and La. In 1842 Mosander separated a now 
metal from the mineral Cerite (P. 66, 603) ; as 
the metals Ce and La had already been found 
in this mineral, the, name didymium was given 
to the new metal to suggest its close relationship 
to lanthanum {SlSvfios « two-fold). Decent inves- 
tigation has succeeded in obtaining from certain 
Di salts what seem to be two classes of com- 
pounds distinguished by their absorption-spectra 
and colour ; these compounds in all probability 
are salts of two distinct elements {v. infra) ; the 
name didymium is thereforb a singularly happy | 
one. In the present state of knowledge of the 
rarer elements it seems well to describe the body 
regarded until recently as a single element, and 
the compounds of this body. 

Occurrcnce.’^ke silicate in various Scandi- 
navian and Siberian minerals, Cerite, Oadoli- 
nitet Orthite, Ac., accompanying Ce and La. 

Preparation.— The mixed oxides of Ce, La, 
and Di are separated from Cerite by treatment 
with HfSOf, Ao.,as described under CEBiuu^vol.i. 

. 728) ; Ce is then separated as basic nitrate 
y one of the methods ckescribed under Cebiuh. 
The solution of Di and La nitrates may then be 
treated in different ways: Bunsen a. Jegel (P. 
166, 877) recommend ppn. of the hydrated oxides 
of and La by NH,A^, solution in E2S04Aq, 
evaporation, and crystallisation of the sulphates; 
the sulphates are then dried and powdered, 

1 part is dissolved in small successive portions 
b 6 parts water at 2®-8®, the solution is heated 


to c. 40^ when l4a.j3S04 separates, ^e mo^er- 
liquor ia alowly evaporated by standing in a 
warm place, when rosb-ooloured rbombohedru 
of Di28S04 separate ; thin violet plates generally 
also form on the sides of the dish, these are a 
mixture of the two sulphates, they are easily 
distinguishable from the Di23S04 crystals; the 
rose-coloured crystals are picked out, and puri- 
fied by re-crystallisation (Mosander, P. 66, 603, 
or P. Jf. 28, 241). The crystals thus obtained 
usually contain a little La23S04; Hermann 
(J.pr. 82, 386) evaporates the solution of Di23S04 
containing some La28S04 to dryness at about 
18®-20®, adds a little cold water to the residue 
which dissolves Di^SSO^ with very little La^dSO,, 
evaporates to dryness at 18®-20®, treats with 
cold water, Ac., and repeats these operations so 
long as there is any residue not quickly sol. in 
a little cold water. To complete the separation, 
Hermann (l.c.) dissolves the Di^SSO^, which may 
contain traces of La23S04, in water, divides the 
solution into two parts, ppts. one part by NHjAq, 
washes the pp. thoroughly, mixes it while moist 
with the other part of the solution, and allows 
the whole to remain at a moderate temperature 
for some days ; basic La sulphate thus dissolves 
completely and basic Di sulphate separate® ; 
after a few days the crystals which separate 
are collected, washed, dissolved in H^SO^Aq, and 
again crystallised (v. also Erk, Z. [2] 7, 104). 

Other methods for separating Di salts from 
La salts are based on the relative solubilities of 
the oxalates and nitrates of the two metals ; 
V. Marignac, A. Ch. [3] 27, 226; Holzmann, 
Zcitschr. ftlr Chem. und Pharm. 1862. 668; 
Zschiesche, J. pr. 107, 65 ; Freriohs a. Smith, 
A. 191, 831. Frerichs (B. 7, 798) describes a 
method of separation founded on the reaction 
between DiClj and LaOCl, whereby DijO, and 
LaCl| are produced. 

According to Clove (C. J. 43, 3G2) the Di.^SSO, 
prepared as described may still con tain samarium 
salts; samarium oxide is separated by long con- 
tinued fractional ppn. with cold dilute NH,Aq, 
the earlier fractions are rich in samaria, the 
later are chiefly didymia; by solution of the 
later portions in HNOsAq and repeated fractional 
ppn. by dilute NHjAq, didymia is at last ob- 
tained free from samaria. (Clove’s paper con- 
tains a description of a method for the approxi- 
mate separation of the rare earths, w'hich he 
says is very convenient.) 

The DijSSO, purified as described is dissolved 
in water, and NH,Aq is added in excess, the 
ppd. hydrate is washed, and dissolved in HClAq, 
the liquid is evaporated after addition of NH^Cl, 
and the residue is heated; nearly pure DiCl, 
containing a little DiOCl is obtained. The DiCl, 
may be reduced by heating with K in a porcelain 
tube ; on washing with water small particles of 
Di are obtained (Marignac, A. Ch. [8] 88, 148) ; 
the reduction is better effected by mixing with 
NaOl, melting, and electrolysing (Hillebrand a. 
Norton, P. 166, 633). 

Properties and Reactions. — White metal, 
malleable and ductile, harder than Ce. Oxidises 
in air ; when finely divided it bums in a flame 
with production of much light; dissolves readily 
in dilute HClAq, HNO,Aq, h|id H2S04Aq ; de- 
composes cold water slowly and hot yrater 
rapidly. 
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Tl^e atomto weight of Di has been determined 

(1) by analysing the sulpliate (Marignao, A. Gh. 
[8] 27, 231 ; Erk, Z. [2] 7, 106) ; (2) by analys- 
ing the chloride (Marignac, A. Ch. [3] 38, 153) ; 
(8) by transforming the oxide into siilphate, or 
vice versd (Hermann, J. pr. 82, 387 ; Erk, Z. 

[2] 7, 108; Zschiesohe, J. pr. 107, 65; Cleve, 
Bl. [2] 21, 216; 30, 289; G. J. 43, 362; Brau- 
ner, G. J. 41, 88, and (later) W. A. B, 3, 141, 
499) ; (4) by determining S.H. of Di, HilleWnd 
a. Norton (P. 168, 71). The numbers obtained 
for the atomio weight of Di vary from c. 145 to 
0 . 142 ; Gleve thinks that the value 142*124 ± 
•0326 may bo accepted; Brauner thinks that 
Di - 146*2 to 146*4 (C.V. 4 3, 288). 

Separation of didyviiuvi into different con- 
stituents. — La-NH^ nitrate is more sol. HNOgAq 
than Di-NH^ nitrate; when a long process of 
fractional crystallisation is conducted with a 
mixture of these salts, the La salt may be com- 
pletely removed, and at the same time the Di 
salt separated, according to v. Welsbach, into 
two perfectly distinct compounds {Sitz. ir. 92 
[2nd part], 317). A large quantity of the mixed 
nitrates of La and Di obtained from ccrite after 
separating basic Ce nitrate {v. vol. i. p. 723) is 
mixed with the necessary quantity of NH^NO,, 
about ^gth part cone. HNOjAq is added, and the 
liquid 18 evaporated until small crystals appear 
on the surface, a little water is added, and crys- 
tallisation is allowed to proceed for about 24 
hours ; the crystals are drained and washed with 
a little HNOjAq which is added to the mother- 
liquor; the mother-liquor is evaporated and 
crystallised ; the liquor from this is again eva- 
porated, and so on until 6-8 fractions have been 
obtained ; these fractions are then systemati- 
cally refractionated by crystallisation from 
HNOsAq several thousand times. Two nitrates 
are finally obtained, one forming a palc-groen 
solution, the other forming a rose-coloured solu- 
tion ; these •solutions give dillerent eraission- 
and absorption-spectra, tlie sum of the two 
spectra is the same as the spectrum of didymiiiin 
nitrate. From each solution salts are obtain- 
able, one series is green, the other is rose-co- 
loured ; by decomposing the green nitrate by 
heat a brownish-black oxide is obtained, and by 
decomposing the rose-red nitrate a blue-grey 
oxide is produced ; analyses of the oxides and 
salts are not given in the original paper. For 
the element which forms green salts v. Wcls- 
bach proposes the name praseodymium, and for 
that which gives rose-coloured salts he proposes 
the name neodymium ; he assigns the atomio 
weight 143*6 to praseodymium, and the atomio 
weight 140*8 to neodymiura,Jthe oxides having 
the composition M.Pj. When a salt of praseo- 
dymium is mixed in certain proportions with 
a salt of neodymium, the spectrum of the mix- 
ture is the same as that of didymium. 

Bccquerel (0. B. 104, 1091 ; 777) has ex- 
amined the absorption-spectra of Di salts, and 
concludes that these salts are mixtures of at 
least two substances. Braunqf (C. J. 43, 281) 
got indications of the complex nature of Di by 
careful fractional ppn. of Di3NO, solution by 
NHaAq. , Crookes f^.^4, 266) did not succeed 
in separating v. '^Isbach’s praseo- and neo- 
dymiuip from didymium ; he thinks that these 
oamea may represent .two different groups of 


molecules into which what is called didymium 
is separated by one particular method of frac- 
tionation. 

C hemical relations of Didymium,— 11 the body 
•called didymium is an elementary substance, it 
must bo placed in Grou^ V. with N, P,...and Bi. 
Di forms the oxide Dip,, and probably Dip,, but" 
only one class of salts Di.,3X where X => S04,2N0„ 
^0. ; one class of haloid salts is known, DiX,, 
where X = F, Cl, Br ; the oxychloride DiOCl has 
been prepared. Di is more closely analogous to 
Bi than to any other element of Group V. 

Didymium arsenate v. vol. i. p. 308. 

Didymium bromide DiBrg.6Hp. Violet, 
deliquescent crystals; S.G. 2*81 (Clove, Bl. 
[2] 39, 289); obtained by dissolving DijO, in 
IIBrAq and evaporating over H^SOf. Forms 
double salts (Frerichs a. Smith, A. 191, 342) : 
2DiBr,.3NiBi^.l8Hp ; 2DiBr,.3ZnBr,.86Hp 
(*24Hp according to Cleve, Bl. [2] 39, 289), very 
deliquescent ; DiBrj.AuBr,.10Hp (Cleve, l.c.), 

Didymium chloride DiCl,.6Hp. Violet, de- 
liquescent, monoclinic crystals; very soluble in 
water or alcohol ; S.G. 2*286 (Cleve, lx.). Ob- 
tained by dissolving Dip, in HClAq, evapora- 
ting, and crystallising ; when the solution is 
evaporated to dryness after addition of NHpl 
and the residue is heated, or when the residue 
obtained by evaporating Dip, in HClAq to dry- 
ness is heated in a stream of HCl, nearly pure 
DiCl,, containing a little DiOCl, is obtained. 

Double salts.— 2DiCl,.3AuCl,.2Hp: bril- 
liant yellow deliquescent plates, by evaporating 
a solution of the mixed chlorides (Frerichs a. 
Smith, A. 191, 340); 2DiCls.9HgCl,.24Hp ; 
2DiCl3.3PtCl4.24Hp (F. a. S.) ; 
DiCl,.PtCl4.10^Hp, deliquescent prisms ; S.G. 
2*689 (Cleve, Bl. [2] 39 289) ; DiCl,.SnCl4.10lHp 
(Cleve, Bl. [2] 31, 196). 

Didymium fluoride 2DiF,.HP; reddish pp. 
by adding HFAq to solution of Di acetate 
(Cleve). According to Frerirshs a. Smith (^4. 
191, 343) the pp. formed by adding HFAq to 
Di^3S04Aq is 2DiF,.3HF ; this is denied by Cleve 
{B. 11, 910). 

Double salts. — Obtained by treating Dip, 
with KF.TIF (Brauner, G. J.il, 68); 
2DiF,..3HF.HP; 3DiF,.3KF.Hp ; 4DiF,.3KF. 

Didymium hydroxides v. Didthium, oxides 

AND HYDRATED OXIDES OP. 

Didymium iodide. Not isolated. Frerichs a. 
Smith (^. 191, 343) obtained the double salt 
2DiIs.3ZnI2.24Hp as deliquescent yellow plates. 

Didymium, oxides and hydrated oxides of. 
Di forms the oxide Dip, ; another oxide Di,0„ 
and another intermediate between these, DijO^or 
Di40„ probably exists. The hydrated oxide 
DijOa.SH^G seems not to have been obtained in 
a state of purity ; 01,0, .SHaO has probably been 
isolated. The oxides and hydrated oxides of Di 
are basic; the higher oxides react wth acids 
as peroxides, forming salfs of the series Di^X 

(X=*NO,.^S&o.). 

Didymium oxide DiaO,. S.G. 7*18 (Oleve, BL 
[2] 89, 289) ; S.H. *081 (Nilson a. Pettersson, B. 
13, 1469). Obtained by ppg.DiCl,Aq by KOHAq, 
and strongly heating the hydrated oxide thus 
formed; also by strongly heating Di(NO,)„ 
DifCOpj,, or Di«(CO,),; it is advantageoos to 
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deoxidiso any higher oxide formed. 
tJue solid (Oleve, BL [2] 30, 289} ; white WltllOUC 
Mny blue tinge according to Hermann (J. pr. 82, I 
S8S}. Unchanged by beating in H; probably^ 
combines with 0 wheij lieated in that gas (v.* 
infra). Emits white light when very strongly 
heated, the lines in the spectrum of the light 
emitted are the same as the dark lines in the 
absorption-spectrum of dilute Di salt solutions. 
Dissolves in acids to form salts Di^X where 

cr\ 

X = NO„i^‘, <Sro. Insoluble in water, but in 

hot water forms a hydrate probably DiDj-BH D. 
In ordinary air forms Di^COj ; decomposes hot 
solutions of NH^ salts, evolving NH,. 

Hydrated didymium oxide ?DiDj.3H^O 
( = Pi(OH),). The pp. obtained by adding 
kOHAq or NaOHAq to solutions of Di salts is 
gelatinous, pale rose-red, insoluble in excess of 
the pptnt. ; it always contains a little carbonate. 
NHjAq ppts. basic salts from solutions of Di 
salts. Thomsen gives the heat of neutralisation 
of didymium hydrate [Di-'0*.a:H ‘0,311-80 ‘Aq] 
-77,160(271.1,375). 

Oxides or didymium other than DiO,. Ac- 
, cording to Frerichs a. Smith (A. 101, 314), Dip, 
prepared by gently heating Di(N 03 )j absorbs 0 
when heated in that gas, forming a chestnut- 
coloured powder approximating to the composi- 
tion Dip,. The same chemists also obtained 
Dip, by heating Di,(CPJ, in a stream of 0. 
Hermann {J.pr. 82, 385), by heating DiPj inO, 
obtained a product with only c. *8 p.c. more 0 
than Dtp,; Clave {B. 11, 910) states positively 
that Di/O, cannot be obtained as described by 
Frerichs a. Smith. Brauner (C. J. 41, 08) says 
that the oxide obtained by carefully heating 
basic Di nitrate to dull redness in a stream of 0 
has the composition Dip.; he describes this 
oxide as an amorphous chocolate-brown powder, 
soluble in dilute HNO^Aq or dilute Hp 04 Aq 
,without evolutiofl of gas, but soluble in more 
oonc. acids with evolution of 0 , insoluble in 
HFAq, decomposed when strongly heated with 
production of 0 ; reduced in II at low red heat ; 
S.O. at 15®=»6’308; reacts with acids to foim 
salts Di.^SX, and must therefore be classed as a 
basic peroxide. Brauner {l.c.) ppd. a solution of 
DiBNOj, containing H.O,, by dilute KOHAq and 
dried in vacuo, he thus obtained a light rod 
powder to which he assigns the formula 
Dip,.3Hp. It 18 still uncertain whether Brau- 
ner 's peroxide can be obtained from a specimen 
of Di3NO, perfectly free from samarium. 

Didymium oxyhaloid compounds of. The 
only one of these compounds definitely known 
is the oxychloride, DiOCl; it is a greyish powder, 
S.G. 6*761 (Cleve, Bl. [2] 39, 151), obtained by 
heating DiCl,. 6 Hp and treating the residue with 
water (Marignao, A* Ch. [ 8 ] 38, 148), or, accord- 
ing to Frerichs a. Smj/ih (A. 191, 341), by heating 
DijO, in Cl at 200°. 

Didymium oxysnlphide. Marignac (A? Ch. 
[ 8 ] 88, 148) describes a greyish powder, insoluble 
in«water, obtained by heating Dip, with S and 
KaOH ; he gives it the formula Di^Op. 

Didymium, salts of. Di forms one class of 

•alts, DipX, whore X = , gPO,, <fcc. ; 


severnl double aolta, but hw 
' basic salts, are inown. The chief salts are 
borage, hromtey carbonate, chlorate, iodate, 
molybdate, nitrate, oxalate, phospMtes, selenate 
and selenite, sulphate and sulphite, tungstate, 
vanadate ; v. Oaiidonates, Nitiultes, Sulphates, 
&o. 

Didymium sulphide DIB,. A brownish- 
green powder ; obtained by heating Di,0, in H 
charged with CSj vapour. Decomposed easily 
by acids with evolution of Hj,S ; decomposed by 
heat to Dip, and basic Di sulphates (Marignao, 
A. Ch. [3J 38, 148 ; Frerichs a. Smith, A. 191, 
345h 

Didymium sulphocyanido v. SuLPncorANinES 
under Cyanides, p. 350. M. M. P. M. 

DIFFUSION. The mixing or mutual inter- 
penetration, by reason of the movements of the 
minute particles of the fluids, of gases or liquids 
which do not chemically interact, is called dif- 
fusion, whether the fluids are in immediate con- 
tact or are separated by porous partitions. When 
a liquid passes through a membrane into another 
liquid the process is generally called osmotic 
diffusion or simply osmose ; when the diffusion 
of a liquid is accompanied by a separation, 
partial or complete, into two or more chemically 
different bodies, the process is generally known 
as dialysis. Substances which when in solution 
pass freely through a porous membrane, or 
readily diffuse into another liquid in contact 
with them, are generally called crystalloids, 
while those substances, solutions of which do 
not diffuse, or diffuse very slowly, are usually 
called colloids. For an account of diffusion and 
the applications of this process to chemical 
questions v. Physical methods, vol. iv. p. 172. 

M. M. P. M. 

DIOITALIN C 682 pc.; H 37 p.o. 

S (cold 90 p.c. alcohol) 84 ; (boiling 90 p.c. al- 
cohol) 17. Occurs in the leaves q 4 the common 
foxglo\o (Digitalis purpurea). It may be ex- 
tracted from the leaves by dilute (50 p.o.) alcohol ; 
tho solution treated with basic lead acetate, and 
the filtrate, freed from excess^ of lead by 
Na^CO,, ppd. by tannin. Tho digitalin tannato 
is then decomposed by lead oxide and tbo 
liberated digitalin crystallised from alcohol 
(Lcfert, J, Ph. [5] 6, 424 ; cf. Nativollo, J. Ph. 
[4] 9, 255; 20, 81; Ph. [3] 2, 805; Le Boyer, 
Bihl. Univ. 20, 102 ; Lancelot, A. 12, 251 ; 
Trommsdorff, A. 24, 210; Ar. J*h. 10, 113; 
Homollo, J. Ph. [3] 7, 67 ; 0. Henry, J. Ph. [3] 
7, 460 ; Homollo a. Quevonne, Mimoircs sur la 
Digitaline, Paris, 1351 ; Rdpert. Phamn. [3] 9, 2 ; 
Walz, Jahrb. pr. Phaim. 14, 20 ; 21, 29 ; 24, 80 ; 
26, 296 ; Gerh. 4, SR8 ; N. Jahrb. Phann. 8 , 332 ; 
9, 302 ; 10; 319 ; J. 1817, 645 ; 1851, 567 ; 1852, 
679; 1853, 503; 1857, 520; 1853, 623; Delffs, 
N. Jahrb. Pharm. 9, 26 ; J. 1858, 528 ; Koss- 
mann, J. Ph. [3] 38, 6 ; [4] 20, 427 ; 0. J. 28, 
650 ; Fliickiger, N. Jahrb. Pharm. 39, 129 ; C. G. 
1873, 371 ; Goorz, J. 1873, 815 ; Schiniedeborg, 
Ph. [3] 6, 741 ; Morin, J. Ph. [3] 7, 294). 

Projpcrfics.— *Blender needles grouj^pd around 
a common axis (Nativelle) or small minute pjatos 
(Fliiokigor). Insol. water and dilute alkali, t. si. 
sol. ether, v. sol. chloroform, chloroform-alcohol, 
and acetic acid. Hydroo];ilorio acid dissolves it, 
foraqing a yedlowish solution, slowly becoming 
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emerald-green. C^no. and H3PO4 also give hot, aloolv>l (80-85 p.o.). The diosmin is obtained 
green colours. Digitalin has no smell but a bitter by heating with ammonium carbonate, and 
taste. It is poisonous, acting on the heart. Split finally washing with alcohol and ether (P. Spioa, 
up by boiling dilute acids into glucose, digitaliretin 0. 18, 1). 

(0. 66 p.o. ; H. 4-6 p.o.), and other bodies (Koss- Properties.— Wiite or yellowish-white orys- 

mann). Treatment with H^SO, (1 pt.) and aloo- tals, insol. most solvents, but sol. hot alcohol 
hoi (1 pt.) containing a few drops of aqueous (80-85 p.o.). lu cofhposition it is practically 
PeiCla gives a greenish -blue solution (Lafon, Bl. identical with hesperidiu (Patemb a. Briosi, G. 
[2] 44, 18). Digitalin, being a glueoside, colours 6, 169). Seduces Fehling’s solution. Dissolves 
a hot mixture of bile and H^SO^ red (Petton- in concentrated acids and alkalis, but is reppd. 
kofer’s reaction ; cf. Brunner, B. 6, 96). on neutralisation. Heated with concentrated 

Digitalein 0 63-2 ; H 8-1 p.c. An amorph- mineral acid it is decomposed into a glucose and 
ouB substance occurring in the leaves of Digitalis an orange-yellow crystalline substance [145®], 
purpurea and D. lutea. V. sol. water and cold Shimoyama (Archiv der Pharm. 1887) considers 
alcohol, si. sol. chloroform, insol. ether. Ppd. the similar glueoside hesperidin to be present 
from its aqueous solution by tannin or lead sub- in the leaves of various species of the Ba/rosma, 
acetate, yplit up by dilute acids into glucose DIOSPHENOL OmHigOj. [82®]. (0. 220®). 

and digitaliretin. Narcotic poison. The stearoptene in oil from buchu leaves (Spica, 

Digitin (C ? Occurs in foxglove G. 16, 195; Shimoyana, Ar. P/i. [3] 26, 403). 

leaves. Stellate groups of needles, insol. water, Monoclinip crystals (by sublimation) ; v. sol. 
chloroform, and benzene, v. sol. ether and al- alcohol, si. sol. ether, insol. water. Smells like 
kalis (Goerz, J. 1873, 814). camphor. Fed, gives a green colour. 

Digitonin C 63*4 p.c. ; TI 7*6 p.o. A white Reactions.—l. Alcoholic KOH partly con- 
amorphous substance occurring in foxgloves, verts it into diolio acid OmHigOsaq, which 
Besembles saponin and melanthin. V. sol. forms the following salts : BaA'j 6aq. 8. l*f at 
water, forming a solution that froths on 17'5°; 6 at 100®. — AgA^ — 2. Eeduction in aloo- 
shaking. Ppd. from its aqueous solution by holic solution by forms 0,oHi,0, 

alcohol, baryta-water, or lead subacetatc. Gives [159°]. -3. Bromine gives 0,oH,^Br,0, 
a red colour when boiling with dilute acids 
(Greenish, Pli. [3] 10, 909 ; 1013). I 

Digitoxin 0 63*0 p.c. ; H 8*1 p.c. Occurs in 
the leaves of the foxglove. Needles or tables, ; 
insol. water and benzene, si. sol. ether, v. sol. 
alcohol and chloroform. Boiling dilute acids 
convert it into amorphous soluble toxi re sin. 

Both digitoxin and toxiresin are very poisonous. 

According to Kopp digitoxin is eight times as 
poisonous as digitalin. 

DILITUEIC ACID v. Nitro-babbiturio acid. 

DILL OIL. S.G. *9. (c. 190°). The volatile 
oil of Apium (or Anethum) graveolcns. It con- 
tains carvene and carvol (Wallach, A. 227, 292; 
cf. Nietzki* Ar. Ph. [3] 4, 317 ; Gladstone, G. J. 

17, 1; 25, 1). 

DIMOEPHISM andTKIMOBPHISM. Those 
terms are used to denote the existence of the 
same chemical substance, elementary or com- 
pound, in different crystalline forms. The two 
kinds of crystals of a dimorphous body, or the 
three kinds of crystals of a trimorphous body, 
may belong to different systems, e.g. carbon crys- 
tallises in the regular system as diamond and in 
hexagonal forms as graphite ; nickel sulphate 
crystallises in trimetrio prisms, in dimetric octa- 
hedra, and in monoclinic prisms ; or the different 
crystals of the same body may belong to the 
same system, and yet so differ in their corre- 
sponding angles that they*oannot be reduced to 
the same form ; mono-sodium phosphate, for in- 
stance, NaHjPO^.xHaO, crystallises in two differ- 
ent trimetrio forms. Di- and tri- morphism is 
usually accompanied by differences of S.G., 
colour, hardness, or other properties (v. Crystal- 
lisation and Isomorphism). M. M. P. M, 

DIOSMIN C 63 p.o. ; H 6*1 p.o. [243®]. 

Occurrence. — In the leavns of Barosma cfs- 
nata and heiulina (Cape of Good Hope). 

Preparation.—Tlhe leaves are first extracted continues 
yith petroleum to remove the essential oils to- •! thought maoh 
gether with chlorophyll, a wax and a resin ; then jjjg altimately that 
they are extracted with cold, and finally with effect in produolng 
VoL. U. 


L upon this expeirlment ; It appeared to 
, the ignited platinum bad no tpeoiflo 
either oompoutiso ox deoempoeition of 


iu.vbii>yf u,erivaiiv6 liso* 

S.G. ^ ‘985. From diosphenol, KOH, and Mel. 

Ethyl derivative OjoHjjEtO^. (271®). 

S.G. 15 *967. 

Acetyl derivative 0,pH,jAcO,. (270®). 

S.G. -1032. 

DIPPEL’S OIL. An oil obtained by reoWy* 
ing the oily product of the destructive distiUation 
of bones or other animal matter. Becommended 
as a medicine by Dippel, an apothecai7 of the 
seventeenth century; v, Bonb-oil, vol. i. p. 622, 

DI8ACRYL V . Acrolein. 

DISPOLINE C„H„N. (282®-304®). An si- 
kaloid homologous with quinoline found among 
the products obtained by ^stilling cinchonine 
with potash (Greville- Williams, Laboratory, p. 
109 ; 2. 1867, 428). Oil.— B'jHjPtCl,. Not de- 
composed by boiling water (De Coninck, Bl» [9] 
-^ 0 , 271 ). ^ ... 

DISSOCIATION. A term proposed by DeviUe 
for the purpose of particularising a certain class 
of reactions chiefly studied by himself and by 
those whom he insj^ired. , a * xi. 

Many facts now studied by the method of the 
theory of dissociation have been known from eany 
days. The observations of Gay-Lussao on me 
decomposition of chalk by heat, and of Avogadro 
in 1811, and Ampere in 1814, on the abnormal 
vapour densities of gases may be motioned. The 
starting-point of the modern doctrine is Grove s 
Bakerian Lecture {T. 1847), in which the decom- 
position of gases by heat, and especially the de- 
composition of water by fused platinum, is an- 
nounoed and explained. The following extracts 
will show that the theosy of the decom^sition of 
water was correctly stated by Grove, though the 
tdhns in which he expresses it are now obsolete. 
After describing the action of a hot platinum wwe 
on drv and wet oarbonio oxide respeotiYrty, he 
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water, but that It simply rendered the ohemioal equUtbrlmn 
unstable, and that the gases then restored themselTes to a 
stable eqailibrlum according to the olroomstanoes in which 
they were placed with regard to surrounding affinities ; 
that If the state of mixed oxygen and hydrogen gas were, 
at a certain temperatnre, more stable than that of water, 
ignited platinum wire would decompose water as it does 
ammonia.* ' It now appeared to me that it was possible to 
effect the decomposition of wdter by ignited platinum ; 
that, supposing the atmosphere of steam in the mimediate 
rioinity of Ignited platinum were decomposed, or the affi- 
nities of its constituents loosened, if there were any means 
of suddenly remorlng this atmosphere 1 might get the 
mixed gases ; or secondly, if, as appeared by the last two 
experiments, quantity had any Indnenoe, that it might be 
possible so to divide the mixed gases by a quantity of neu- 
tral ingredient as to obtain them by subsequent separation 
(or as it were filtration) from the neutral substance. Both 
these were realised.’ 

He then relates how on heating platinum in 
Bteam he got a small bubble of gas, which deto- 
nated when all was cold ; and then says: — 

‘The experiment was then repeated, continuing the 
ignition for a longer time, but the gas oould not bo in- 
creased beyond a very limited quantity ; iifteed, It was 
not to be expected, as, supposing it to be a mixed gas, re- 
combination of the excess would have taken place.’ 

The matter was taken up by Devillo in 1857, 
who repeated Grove’s experiments on a large 
scale. Advantage was taken of an old observa- 
tion of Eegnault concerning the action of molten 
silver on steam, and an equivalent method, in 
which silver is replaced by fused litharge, was 
described. 

This is the first of the many ingenious 
methods invented by Deville for the study of 
dissociation-phenomena, and to him and his 
pupils we owe much of our knowledge on the 
subject. The appended bibliography (u. end of 
this article) will indicate the further history of 
the matter, as well as the more important 
memoirs which have appeared on the subject. 

Before defining the meaning of the term 
dissociation it will be well to become in some 
measure acquainted with the simpler facts and 
arguments of the subject. Let ad be a tube 

.^1 1 




Al 1 

made of some material capable of resisting a 
high temperature, such as glazed porcelain. Let 
0 be a porous septum, e,g. a plate of porous 
earthenware, fitted into the tube a b, so as to 
bo air-tight in the ordinary signification of the 
term. Let there be means of placing the end b 
of the tnbe in connexion with an air-pump and 
gas-analysis apparatus. The end a can be 
closed by a non-porous stopper, and the tube is 
to be so placed that it can be raised to any 
desired temperature. The space oa can be 
filled with any gas or vfipour, and the stopper 
at A furnished with suoh arrangements as to 
allow ^e pressure of the vapour in ca to be 
kept constant, whatever the temperature may 
ke. Though such a combination of appart^tus 


as this has never been put together, and though 
it would be exceedingly inconvenient in prac* 
tioe, it is easy to understand, and will serve to 
establish the main principles of dissociation. 

The part of the tube oa is supposed to be 
filled with saturated water-vapour, and is placed 
on the heating apparatus, b c is kept vacuous, 
or as nearly so as possible, by means of the air- 
pump. In now studying the changes produced 
in the water-vapour by the action of heat, let us 
direct our attention solely to the part of the 
tube 0 A. Then we know that, as the tempera- 
ture increases from 100°, the dry steam in ca 
will expand at almost exactly the same rate as a 
permanent gas. In fact, if we made two air- 
thermometers at constant pressure, and filled 
one with dry air dnd one with unsaturated 
steam, they would keep together approximately 
till a very high temperature is attained - say, up 
to a red heat. After that we should observe 
that the expansion of the steam becomes greater 
than the expansion of air, and continues vu 
increase, at all events up to the highest tem- 
perature we can reach experimentally. If we 
replaced the steam by the vapour of acetic acid 
the same phenomena would be observed, except 
that wo should finally be able to reach a point 
where the coefficient of expansion of the acetic 
acid vapour attained a maximum ; and it would 
decrease from that point till it again became 
the same as for air. The apparatus with the 
porous plate will enable us to give an explana- 
tion of the change in the coefficient of expansion 
of dry steam. We know that when wo mix two 
volumes of hydrogen and one volume of oxygen 
and keep the mixture at a temperature a little 
over 100°, and then explode the gases by means 
of an electric spark, so that they may form 
water-vapour, and finally allow the temperature 
to become the same after explosion as it was 
before explosion, then the three volumes will 
become reduced to two volumes. In other words, 
oxygen and hydrogen when combined together 
only occupy two-thirds of the space they occupy 
before combination. 

Now, suppose that we heat the water- vapour, 
and let us assume that the lieating in some way 
undoes the combination of the hydrogen and 
oxygen, so that we no longer have pure water- 
vapour, but a mixture of water-vapour, oxygen, 
and hydrogen. If we further assume that the 
ratio of the weight of the uncombined gases to 
the weight of the steam increases as the tem- 
perature rises, Ave shall have a hypothetical 
explanation of the change in the coefficient of 
expansion. This hypothetical explanation may 
be converted into a real explanation by experi- 
ments performed with the apparatus described. 
The rate of diffusion of different gases through 
porous septa is very nearly inversely propor 
tional to the square roots of the densities of the 
gases. Hydrogen, ♦^orofore, passes through 
porous septa four times as fast as oxygen and 
three times as fast as steam. If, therefore, the 
steam in the part of the tube a o be really de- 
composed, we shall i )0 able to detect the decom- 
position by means of an analysis of the gases 
diffused into the part bo. In order to make 
the proof complete we must still show that no 
other change takes place in the steam in ao ; this 
would be very difficult to do directly, espeoiftUy 
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for steftxn which only decomposes at very high 
temperatures, and therefore we must adopt a 
rather different method. If we can show that 
the change in the coefficient of expansion is 
proportional to the amount of steam decomposed 
at all temperatures, then we can deduce that* 
the most important part of the change at all 
events is to be traced to the decomposition, or, 
as we shall say for the future, to the dissociation, 
of the steam. This may be done by means of 
our apparatus. Since the pressure in a.o is 
kept constant, the ‘ partial pressure ’ produced 
by the hydrogen and oxygen will be proportional 
to the ratio of the weights of the unoombined 
gases to the weight of steam per unit volume. 
We know from experiment. that the weights of 
gases diilused per unit time, under otherwise con- 
stant conditions, are proportional to the pres- 
sures, within the limit that the pressure is above 
some very small value depending on the kind of 
gas and the size of the pores in the septum. 
In all ordinary experiments the pressure is well 
above the limit. In order to simplify matters 
wo will arrange our furnace so as to keep b o at 
the same temperature as ao, and let the air- 
pump work so fast that, however much gas 
comes through the plate, the vacuum is not 
perceptibly impaired. For a reason to be given 
further on, we will also allow the gas coining 
from BO to cool slowly, so that the hydrogen 
and oxygen may recombine. This will leave us 
with a mixture of water-vapour and hydrogen 
in our analysis apparatus. We have therefore 
to keep our diffusion-tube at different constant 
temperatures, allow the diffusion to go on slowly, 
and measure the amounts of hydrogen coming 
through per unit time. From what has been 
said, tiiose quantities will be proportional to the 
dissociation at the temperature considered ; and 
we have only to compare them with the co- 
efficients of expansion at those temperatures to 
test our theory. 

In no particular case does the evidence in 
favour of the hypothesis stated above amount 
to a complete demonstration. Thus in the case 
of bodies like sal-ammoniac, which decompose 
into substances chemically different from them- 
selves, and therefore recognisable by chemical 
methods, no experiments have been made to 
show that the abnormal vapour density is <J7>- 
iirely accounted lor by the dissociation. Again, 
in the case of substances like nitrogen tetroxide 
and acetic acid, where the vapour-density is a 
function of the temperature, experiments have 
indeed shown that the quantities of heat absorbed 
at different temperatures, less the quantities of 
heat required to raise similar supposed less de- 
composable gases through Ihe same range, are 
proportional to the rate at which the coefficient 
of expansion deviates from the normal. Unfortu- 
nately, in both these oases (the only ones specially 
studied as to this point) we have no chemical 
means of testing whether the supposed molecular 
decomposition takes place or not. In fact, some 
chemists consider it does not, but that we have 
in these oases merely a change comparable with 
that fron^ the liquid to the gaseous state, and 
which does not take place at a definite tem- 
perature, but goes on gradually even though 
the liquid as such may have disappeared 
iv. Berthelot a. Ogier, A, Oh. [6] 86, 882), In 


other words, these chemists are inclined to at- 
tribute the change which takes place in the co- 
efficient of expansion merely to the molecules 
of the gas increasing their mean distance from 
each other faster in these cases than in the 
standard cases. This jriew, however, would lead 
to a very serious modification of all our views 
as to the physical signification of the gaseous 
state. Avogadro’s law would have to be aban- 
doned amongst other things. On the other hand, 
if we consider that nitrogen tetroxide and acetic 
acid vapour suffer molecular decomposition, 
then we must allow that all other gases which 
are formed from their elements with condensa- 
tion — like nitrous oxide, for instance — may also 
undergo a molecular decomposition, since their 
specific heats have small positive temperature- 
coefficients (licgnault). There is nothing sur- 
prising in this, in fact it is in complete accord- 
ance with Mie views of Clausius and Williamson 
and physicists generally on the meaning of the 
definite composition of gases. Bamsay and 
Young (G. J. 40, 790) have shown that the 
specific gravity of acetic acid vapour decreases 
as temperature rises, whether the pressure be 
large or small, and that the specific gravity also 
decreases as pressure falls, whether the tem- 
perature be high or low, but that the specific 
gravity of a normal vapour, such as that of 
alcohol or ether, increases as temperature falls 
until a limit is reached, after which the specific 
gravity remains unchanged. 

The hypothesis of dissociation sketched above 
will therefore be adopted in what follows, for 
not only is it in complete harmony with every 
experimental fact observed, but it serves to co- 
ordinate and bring into the same field of view a 
very great number of experimental results, at first 
sight very unlike each other and inexplicable 
separately. It will be noticed that we have as 
yet said nothing as to the mechanism by which 
dissociation takes place ; this is a very obscure 
subject, and indeed very often seems to depend, 
amongst other things, on the form and material 
of the containing vessel (Menschutkin a.Eanona- 
low). 

The effect of porous surfaces, however, pre- 
Bents little difficulty to the kinetic, and still less 
to the vortex-ring, theory of gases. Practically 
it may be taken to ipean that an experimenter 
attempting to reproduce any of the experiments 
described below will most probably fail to repro- 
duce the numerical results unless he carefully 
copies the original experimenter’s apparatus. 
Particular instances will be found in their proper 
places. 

There is no reason to suppose that dissocia- 
tion is limited to gases, or that a rise of tempe- 
rature is the only physical condition capable of 
bringing it about. It is a matter of common 
experience that chalk, when heated, decomposes 
into quicklime and carbonic acid ; and if the 
operation be oonducteif in a closed chamber so 
th^t the carbonic acid cannot escape, it is found 
that the decomposition of the chalk is never com- 
plete, and that recombination occurs, to a certain 
extent, when the temperature falls. There are 
many other substances which behave like chalk 
as far as their decomposition by heat is con- 
cerned ; that is, their degree of decomposition 
in closed vessels is almost entirely a function of 
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fhe temperature, and is reversible. The oonsti- j fls well as (ho violencfl of theie eollisions. munf 
fathn of solutions of many salts in water or in 1 also increase. When the atoms of oxygen and 
other solvents also appears to be dependent on hydrogen are aacombined they will be called 
the temperature. All these phenomena are col* free atoms ; when combined they will be called 
lected together as oases of thennolysis, or de- 1 ‘paired’ atoms. The ‘meantime’ during which 
composition by beat alone, and their study j (he atoms are free is called the * mean free 
forms the larger part of the subject of dissocm- time,* and the time during which they are paired 
tion, which also embraces cases of decomposi- is called the ‘ mean paired time.’ If in the case 
tion by other physical processes, such as expo- of a system of oxygen and hydrogen whore we 
Bure to light or electrical discharges. may have molecules of oxygen, hydrogen, and 

There are many substances which undergo steam, as well as atoms of the two former, the 
a complete and non-reveraible chemical change actual state of combination at any instant will 
tinder the action of heat ; these decompositions depend on the ratio of the paired to the free 
may be regarded as cases of unlimited dissocia- time. If the time during which the atoms of 
tion, and are generally called decompositions oxygen and hydrogen are p§,ired together is long 
simply. Such unlimited changes are, however, compared with the time during which they are 
best studied by themselves, and will not be free, or paired with ’atoms of the same kind as 
dwelt upon in this article. For convenience of themselves, then we are considering what is 
treatment we may define dissociation as fol- equivalent to a volume of steam. If, however, 
lows : — the paired time is comparatively short, then the 

Let there be a chemical system consisting of state of the system approximates move to that 
atoms of kinds, A, B, C, Ac., capable of combi- of a mixture of oxygen and hydrogen. If we 
ning together in any way ; and let their actual assume that the ratio is altered by a variation 
state of combination at any instant depend par- of the frequency of collisions, or of their vio- 
tially on the physical conditions to which the lence, or by any other variation produced by a 
system is exposed at the instant considered ; rise of temperature, then wo shall have increased 
and let the state of combination be called the decomposition if the ratio of paired time to free 
state jf when the physical conditions aro denoted time decreases as the temperature increases, 
by X. Then if y changes when x changes, in When the temperature falls, on the other hand, 
such a way that y always returns to its original we shall get recombination, 
value when x returns to its original value, We can, therefore, form a mental imago of 
the system is called a dissociable system. In a purely mechanical character as to the way in 
fact the value of x must be independent of wMoh dissociation may take place. We should 
the ‘ previous history ’ of the system; thisneoes- expect that the effects would be modified at the 
sarily implies that in dissociable systems the boundaries of the gaseous system ; and that 
change of state of combination must be rever- some of the phenomena observed might be 
Bible. Dissociation, therefore, is the doctrine traced to the influence of the state of the walla 
of reversible chemical reactions. Dissociation- of the containing vessel ; and so, in fact, it is. 
processes are but special cases coming under The presence of porous bodies in particular 
the general laws of chemical equilibrium ; seems to exercise a profound influence on the 
as such they will be considered in the article chemical state of gaseous systems exposed to 
£QUiLiBBinif, CHEMICAL. their action. The above hypothesis, of the me- 

The changes wh^ch take place in the energy chanics of dissociation is at present to be re- 
of the system as its chemical constitution varies garded as a mere hypothesis of the most arbi- 
must necessarily exert a very great influence on trary character : if we can justify it afterwards 
the readiness with which such variation can by cumulative evidence that is another matter, 
oconr. It is obvious, for instance, that the state It will also be convenient to take advantage 
of combination oannot change by itself from a of a very simple method of regarding the phe- 
condition of less to a condition of greater energy nomena of dissociation first put forward by 
unless that energy be supplied from without. Pfaundler in 1867. We are to regard a system 
A supply of energy has thei%fore to be provided in which dissociation is taking place as a field 
in order that many dissociation reactions may in which two tendencies are at work ; on the 
take place. In consequence of this, the thermal one hand a source of energy from without the 
(dianges taking place during some cases of dis- system is tending to produce decomposition ; 
Booiation have been carefully studied (Berthelot); and on the other the ‘ chemical nature ’ of the 
and much valuable information has been drawn, | component parts of the '’.ystem is tending to pro- 
in other oases, from a consideration of the avail- i duce recombination. Without committing oui- 


ablo energy of the electric field (J. J. Thomson). 

Before treating special cases in detail it will 
be well to form a simple working hypothesis 
of dissociation, in order to shorten, as much as 
possible, the treatment of the experimental re- 
sults. Such an hypothesis is ready to hand if 
we trani^te the results of, say, our experiments 
on steam, into the language of the kinetic theory 
of gases, and the ordinary molecular and atomic 
theory of chemist:^. Taking the case of steam, 
we may sum up the results arrived at by saying 
(hat as the temperature rises the kinetic energy 
of the molecules increases, and in consequence 
(he number of molecular odUisions per second, 


selves to explain in any way the modus operandi 
I of these tendanoies, we can see that it is possible 
for the system to attain a state such that the 
amount of decomposition and recombination 
per unit time is the same. When this state is 
reached the * limit of the reaction ’ is said to be 
attained. If by raising the temperature of the 
system, or by any other means, we alter the 
potency of one of the tendencies, we shall have 
a new equilibrium or limit. The idea is that 
for every given set of conditions we shall have 
a definite equilibrium, which will alter when the 
conditions alter, and which is therefore called a 
‘ mobile equilibrium.’ 
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The- ratio of the weight of the uncombined 
part of the system to the weight of the whole 
system which is capable of combination is called 
the ‘ fraction of dissociation,’ and is a very con- 
venient quantity in discussing dissociation phe- 
nomena. Thus in a system of hydriodio acid, 
weighing say 10 grams before dissociation takes 
place, we might arrive at a temperature such 
that 1 gram became decomposed; then the frac- 
tion of dissociation would be denoted by A, and 
would be expressed by the same number wiiether 
we added iodine or hydrogen in excess, or, in- 
deed, any inert gas. 

If the external conditions change, then a 
period of time, short or long, is required for a 
new equilibrium to be established. Different 
writers have adopted different methods of ex- 
pression for the rate at which the new equi- 
librium tends to become established, and various 
arbitrary rules have been given for finding the 
velocity of the reaction, depending of course on 
special definitions of the expression ‘ velocity of 
reaction.’ In some cases the velocity of the re- 
action has been defined as the weight of sub- 
stances combined or decomposed per unit time 
in a system of arbitrarily chosen weight. The 
most exact method would be to define 
‘ velocity ’ as the rate at which the fraction of 
dissociation changes. The particular definition 
which wo may happen to adopt is not of any 
very great importance, since it is from a com- 
parison of velocities, and not from their abso- 
lute value, that useful information is most readily 
obtained. 

The object of experiment is to determine the 
relation existing between the fraction of disso- 
ciation, when the limit is attained, and the other 
quantities involved. The most important of 
these are temperature, pressure, and proportion 
of reacting substances. The velocities of the 
reactions must also be studied experimentally. 

We follow Lemoine in his distinction between 
the reactions whicli take place in homogeneous 
systems, and those which occur in non-homo- 
geneous systems. • If we start with a homo- 
geneous system and by dissociation convert it 
into a system which is not homogeneous, we 
should expect a corresponding modification in 
the reaction, and such is the case. The most 
valuable results will be obtained when the ex- 
perimental conditions are as simple as possible ; 
and therefore more attention ought to have been 
devoted to the dissociation of systems which 
remain homogeneous than to those which are 
non-homogeneous to start with, or which be- 
come so by dissociation. Unfortunately, how- 
ever, it is difficult to exper^ent on homogeneous 
systems. 

Qualitative experiments wherSby the exist- 
ence of the dissociation of compounds was 
established.— Regnault describes some experi- 
ments under the article ‘ Chaux ’ {Cou7'se iU- 
mmtaire de Chimie [1854], 2, 2,3,5) which show 
that some solid bodies, decomposable by heat 
into one or more solids an^ a gas, give off the 
gas more freely when in presence of a foreign 
gas than when exposed to the products of their 
own decomposition. Chalk loses its carbonic 
acid more freely in ordinary air than in an at- 
mosphere of carbonic acid. Hydrated salts lose 
iheir water of hydration more readily in an 


atmosphere of dry air than in one of water 
vapour. Grove, as we have seen, demonstrated 
the decomposition of steam by heat, and pointed 
out that the condition that the decomposition 
shall be sensible is that the products of decom- 
position must be rapidly cooled, or in some 
other suitable way removed from the sphere of 
action before recombination can take place. 
From a theoretical point of view it is immaterial 
whether we hinder recombination by preventing 
the atoms from getting to one another through 
admixture with an inert gas, or whether we 
lower the temperature so rapidly that it falls 
below the combination point before all the atoms 
are recombined. 

Deville first laid down these principles with 
great clearness, and practically invented all the 
apparatus requisite for the realisation in prac- 
tice and on a largo scale of the necessary con- 
ditions. flis apparatus is of three kinds. 

I. For raising gases to a high temperature, 
and removing, at that temperature, the pro- 
ducts of dissociation, by taking advantage of the 
laws of gaseous diffusion. 

II. For raising gases to a high temperature 
and preventing recombination by admixture with 
an inert gas. 

III. For raising gases to a high temperature 
and preventing recombination by sudden cool- 
ing. This apparatus took two forms 

a The hot and cold tube. 

/3 Apparatus for sucking the hot gases into a 
tube through which water is circu- 
lating. 

Exact information may be obtained from 
Deville’s papers {v. Bibliography) ; and espe- 
cially from his Legons sur la Dissociation 'pro- 
fessie en 18G4 devant la SocUU Chimig[ue. 

I. A glazed po*’celain tube is fitted with good 
corks at each end ; through these corks, and 
concentric with the axis of the porcelain tube, 
another tube of unglazed earthenware is passed. 
The porcelain tube can ber heated, by means of 
a suitable furnace, to a very high temperature. 
The gas to be decomposed is made to circulate 
through the annular space between the two 
tubes. A current of an inert gas continually 
passes through the tube of unglazed earthen- 
ware and sweeps away with it the products of 
diffusion (v. fig. 1)., 

Deville decomposed steam by means of this 
apparatus, using carbon dioxide as the inert 
gas; the carbon dioxide was subsequently ab- 
sorbed by potash, leaving a mixture of oxygen 
and hydrogen. 

II. A porcelain tube is filled with pieces of 
porcelain in order to expose a large surface. 
The gas to be decomposed is mixed with a much 
larger volume of some inert gas and pass^ 
through the tube which is heated as before. This 
apparatus is not so powerful as the one last de- 
scribed. In an experiment in which a mixture 
of steam and carbon dfoxide was passed through 
the apparatus, the yield of explosive mixture of 
oxygen and hydrogen was much smaller than 
when the porous tube was used; though of 
course in that case the mixture was chiefly hy- 
drogen. This method is less applicable to quan- 
titative experiments because of the complication 
introduced by the action of the large extent of 
porcelain surface exposed. 
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Ilia. The hot and cold tube : this was used an aooidantal phenomenon connoted with th 

first for demonstrating the decomposition of rapid heating and cooling of portions of the ms 

carbojuG oxide into carbon and carbon dioxide. J. J. Thomson (P. Jf., June 1683) has, however 
It resembles form I. with the modification that given good reason for believing that deoomposi- 
the porous central tube is replaced by a tube of tion is a necessary condition for the passage of 
silver through which a stream of cold water is electrical discharges ; that in fact a spark can 
kept constantly flowing. The decomposition of no more pass through ari atmosphere of water- 
the carbonic oxide gas was proved by the depo- vapour without resolving it partially into oxygen 
sitioD of carbon on the silvered tube, and by the | and hydrogen than an electric current can pass 
presence of carbon dioxide in the stream of gas through copper sulphate solution without de. 
which passed through the tube. composing it into copper and sulphuric acid. 

III/3. An apparatus of the same kind as the Whether Faraday’s law of electrolysis extends 
last, but with the important modification that a to gases is still an open question ; the pro- 
small hole of *2 mm. diameter is bored in the bability is that it does not. However the de- 
side of the metal tube. The result is that when composition is produced, there will probably bo 
a stream of water is allowed to flow through the a certain amount of recombination as soon as 
tube, air is sucked in at the small hole after the the gases cool sufficiently. Since the products 
manner of a velocity pump. This apparatus of decomposition are in general diluted with a 
was employed by Deville to examine the con- largo proportion of undecomposed gas, the tcra- 
stitution of the gases in the middle cf a candle perature of the decomposed portions will often 
flame ; and was afterwards employed by Cailletot fall below the minimum temperature of com- 
for extracting the gases from a blast furnace bination before complete recombination has had 
(O.B.62,891). . . time to take place. This will leave a balance of 

By means of these various forms of ap- decomposition at each spark. As soon, how- 
paratus the dissociation of the following gases ever, as the products of decomposition have 
was demonstrated : — accuniulated to a small extent, they, as well as 
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Water vapour by I. and II. — Carbon dioxide the undecomposed gas, will be acted on by the 
by n.— •Carbonic oxide by III. ; carbon deposited spark, and a certain amount of recombination 
on the tube. — Sulphur dioxide by III. ; tube will take place. It must be noted, Jiowever, that 
blackened, and deposit of sulphur trioxide on the decomposition produced by each spark is 
it.— Hydrochloric acid by Hi. ; surface of tube very small, since the energy of the electric field 
being previously amalgamated, and chloride of is in general small compared with ♦he amount 
meroory and silver formed by the dissociation. of energy required to produce even a small de- 
It will also be convenient to notice here the composition. After a certain length of time the 
dissociation of gases produced by electrical dis- decompositions and recombinations will become 
charge. There is no real difference between the equal, and the limit of the reaction wiU be at- 
spark discharge and the so-called silent dis- tained. The production of a limit in the experi- 
charge. The silent discharge is merely a spark ment of ozonising oxygen is well known, and the 
discharge in which the sparks are very numerous production d ozone at all shows that oxygen 
and very small. In the cases where a limit has molecules must be previously electrolysed into 
not been observed, the explanation is to be found oxygen atoms. This is also proved by an ex- 
in the fact that one or more of the products of periraent of De la Rue and Miiller, repeated and 
decomposition is either liquid or solid, and is so modified by Thomson and Threlfall, whereby a 
removed from the sphere of action. Thiejs large increase of volume is observed to take place 
notoriously the case with acetylene and hydro- in a tube through which a spark passes, and 
carbons generally. Where a limit is attained, the which is much grSater than can be accounted 
reaction may generally be made complete by in- for by the expansion due to heating. In oxygen, 
troducing a substance capable of absorbing at if the sparks are very small so that the heating 
least one of the products of decomposition. It is insignificant, a diminution of volume is ob- 
was formerly believed that the decomposition of served to take place owing to the production of 
gases by electric sparks was, so to speak, merely ozone. The action of the spark on gases seems 
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6o be dependent on the nature of the spark, and 
ibis in turn depends to a great extent on the 
pressure of the gas. Much work still requires to 
be (lone in this direction. At present the fol- 
lowing list of gases which have been decom- 
posed will suffice : Oxygen, nitrogen (?), carbon 
dioxide, methane, ether, acetylene, ammonia, 
acetic acid, phosphoretted hydrogen, oarbonio 
oxide, hydrocarbons generally, sulphuretted hy- 
drogen, seleniuretted hydrogen, cyanogen, &o. De- 
composition of the fluorides of boron and silicon 
and chlorine has not yet been observed, but 
there is little doubt that the decomposition of these 
bodies will ultimately be demonstrated. Most of 
the above observatiqns have been made by P. and 
A. Th(5nard (0. E.) and by Berthelot An ac- 
count of the extremely valuable researches of 
Berthelot and Vicille on dissociation during ex- 
plosion, as well as of the observations of Dixon, 
will be found in the article Explosion. 


tures have to be made, and these are subject to 
the almost unavoidable experimental uncertainty 
attendant on that very difficult operation. A 
judgment as to the trustworthiness of the re- 
sults obtained can in general be formed only 
from a study of the observer’s own account of 
his experiments. • 

The methods of thermal chemistry have been 
applied by Berthelot to the solution of many in- 
teresting questions. 

Dissociation in non-homogeneou8 
systems. — Wo shall consider first the allotro- 
pic change produced by heat in ordinary phos- 
phorus. When yellow phosphorus is heated 
in a closed space it is partially changed into red 
phosphorus; and when red phosphorus is 
heated it is partially converted into yellow phos- 
phorus. It is found that neither reaction is 
complete, but that the same limit is attained 
whether ye start from red or from yellow phoa* 


Gutvc representing the pressures of ordinary phosphorus which limit the allotropio 
transfen'mation of tho phosphorus at different temperatures. 


mm. 



Scjiles ; 1 mm. for 1 mm. of vapoar-pressure, and 0'3 mm. for 1 degree of temperature, 

Eiq. 2. 


Quantitative Experiments on Dissociation. — 
It is now our business to discuss the quantitative 
experiments which have been made on particular 
cases of dissociation. From a theoretical point 
of view these experiments fall into two classes ; 

(a) Those made on the determination of the 
limit, and its dependence on pressure, tempera- 
ture, (&C. 

(jSJ Those rtf erring to the velocity of the 
reaction. 

From an experimental point of view very 
different methods have to be adopted in different 
cases. In one class of experiments the obser- 
vations take the form of ideterminations of va- 
pour density at different temperatures and pres- 
sures. Experiments on velocity usually depend 
on the ordinary methods of analysis; and of 
course involve observations by the chronometer. 
In many oases observations of high tempera- 


phorus. If we start with yellow phosphorus, and 
heat it to a definite temperature in a closed 
vessel in connexion with a manometer, a 
transformation into red phosphorus will take 
place. Yellow phosphorus has a considerable 
vapour-pressure ; the transformation will go on 
till the pressure inside the vessel reaches a cer- 
tain value; this value will be less than the 
maximum vapour-pressure of red phosphorus 
corresponding to the temperature, and is called 
the ‘ limiting pressure.’ If, on the other hand, 
we start with red phosphorus, the vapoor- 
*presBure will diminish from the maximum to 
the limiting pressure. This pressure is found 
to be the same in both oases, provided the tem- 
perature is the same. Analysis of the residue 
gives the proportions of red and yellow phos- 
phorus. Each temperature has its definite 
limiting pressure. If we start with a small 
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quantity of yellow phosphorus, and heat it in 
a vessel so large that it is not able to produce 
the limiting pressure corresponding to the tem- 
perature, no red phosphorus will be formed. 
The phenomenon is, therefore, quite analogous 
to the vapourisation of a liouid according to the 
two oases when the conditions are such that the 
vapour is (a) saturated, or (/3) unsaturated. 

The accompanying curves (figs. 2, 3, 4) and 
numbers will give the results obtained. (The 
results are chiefly taken from Lemoine’s l^tudes 
sur les ^Jquilibres Chimiques.) 


Ordinary phos- 
phorus intro- 
duced into a 
space of one 
litre. 


Quantities of ordinary phosphorus 
persisting at 440® at the end of ; 



6m. 

Jh. 

2h. 

8h. 

17h. 

24h. 

32h. 

‘Tit 

Grams. 

gr. 

gr. 

gr. 

gr. 

gr. 

gr. 

gr. 

gr. 

2-9 (Lemoine) 


— 


2*9 




— 

5-9 id. 

— 

— - 


6-3 

— 


4*9 

4T 

16*0 id. 

— 

— 

— 

60 




— 

— 

24*0 (Hlttorf) 
80*6 (Lemoine) 

16*6 

11*1 

70 

4*4 






— 

— 

6-4 

4-0 

37 

3*6 

— 

— 


The ootuiuon limit Is 3'6 grm. 


Curves represeniing the weights of ordinary phosphorus remaining at the etid of different times, for 
a similar weight P of ordinary phosphorus introduced (Lemoige). 


89 

pa 6*9 gr. of ordinary 
phosphorus per litre. 


8 





Pu80 gr. of ordinary 
phosphorus per litre. 



Fxo. 3. 


1*8 gr. of red phosphorus per litre. 



4*9 gr. of red phosphorus per litre. 


U gr. of red phosphorus pMr litre. 


tOgr. of red phosllhoms per litre. 



• 


i a 82 




. « 33 

If — — 

L 

• 

s a 

C 

la 


Soeles : 2} mm. for 1 hour, and 2 mm. for 1 gram. 


Fxo. 4 . 
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We may account for these same differences 
by calculating, according to the preceding data, 
the mean quantity of red phosphorus produced 
in one hour : — 


Ordinary pho»pho- 
rus introduced per 
litre. 


grms. 

6-9 

30-0 


Red phospho- 
rus employed 
per litre. 


Red phosphorus formed in firranwi ‘ 
In one hour nt 440°. 

Time. 

from 0 to 2h.from 2 to Sh.from 8 to 32h. 


4- 0076 0-016 

12-30 0-233 0-016 

Temperature 440°. 

Quantities of ordinary phosphorus 
in grams produced at the end of : 




ih. 

2h. 

8h. 23h, 

82h. 

39h. 47h. 

83h. 

1-8 



0-80 

1-33 

— 

— 

1*7 

— 

— 

4*9 




1-62 

2-9 

— 

— 

3-3 

— 

8-32 

IG 


— 

3-67 

4-6 

— 

4-0 

— 

— 

— 

30 


4*64 

4-76 

4-4 

3-9 

3-74 

— 

3-72 

— 

100 


— 

— 

4-2 

_ 

— 


— 

— 

1000 


— 


8-6? 

— 


— 

— 

“ 


It will be noticed that in some of the velo- 
city experiments, starting from red phosphorus, 
the vapour-pressure at first produced is higher 
than the pressure of the limit ; this is explained 
by the previous history of the red phosphorus, 
of which it appears there are several allotropio 
modifications depending on the temperature at 
which they have been produced. This has been 
studied by Troost and Ilautefeuille and com- 
pletely explained. 

Cyanogen is slowly transformed into para- 
cyanogen on heating. The velocity is very small, 
but appears to be greatest at about 600°. The in- 
verse reaction has a comparatively great velocity. 
There is a limiting pressure of transformation 
just as in the case of phosphorus. Observations 
are complicated by a continual slow decomposi- 
tion of the cyanogen into nitrogen and carbon. 
An analysis has, therefore, to be made of the 
residue before the correct limiting pressure can 
be obtained* The following are the numbers of 
Troost and Hautefcuille : 


Teniperaturea 

Pressures of the oy 

602° 

54 

606 

66 

669 

123* 

676 

129 

687 

157 

699 

275* 

601 

318 

629 

868* 

640 

1310 


The numbers with abtorisks have beeu obtained with 

E tacyanogen prepared from cyanide of silver. The others 
ve been furnished by paraoyanogen prepared from 
cyanide of mercury, and perfectly freed from the metal. 


Cyanic acid is converted into cyamelide and 
vice versd. The velocity depends ofi the tempe- 
rature ; and it is by no means the same for the 
two reactions. A complication is introduced, 
because above 160° gaseous oyanic acid is trans- 
formed into solid cyanic acid ; and below 160° 
cyamelide is produced. The production of a 
maximum vapour-pressure limiting the decom- 
positions is perfectly clear and definite. The 
numbers are — 


Temperatures 

160° 170 180 196 216 227 251 330 360 


Transformation-pressures 
56mm. 68 94 126 157 160 286 740 1200 


Allotropio transformations of homo- 
geneous systems. Acetic acid. The vapour 
of acetic acid has long been known to possess 
a vapour density greater than the theoretical 
density. This diminishes, however, as the tem- 
perature rises, or, in other words, the coefficient 
of expansion of acetic acid vapour between cer- 
tain temperatures is greater than it is for most 
gases. A discussion of the explanations ad- 
vanced to account for this has been already 
given. The data for the dissociation of acetic 
acid are given on p. 394 (Ramsay a. Young, C. J. 
49, 790). 

Nitrogen tetroxidc (Deville and Troost, G. R. 
64, 237). The relation between the vapour- 
density and temperature of nitrogen tetroxide 
under ordinary pressures shows that at about 
160° the change of tetroxide into a gas of the 
molecular formula NO, is complete. The num- 
bers are as follows : — 

Dissociation of nitrogen tetroxide NjjO,. Sp. 


gr. of Nj 04 

= 3-18; 

of NOj + NOj = l*59; (air-1). 

Temp. 

Sp. gr. of 

Perceutaum 

ilean increase in per- 
centage dissociation 

gas 

dissociation 

for 10° rise of tem- 

26-7° 

2-65 

19-96 

perature 

... 6-6 
... 8-1 
. . . 11-0 
. . . 12-1 
... 13 
. . . 10-4 
... 8-8 
... 4-4 
... 3*1 
. . . 3-i; 

... 1-8 

35-4° 

2-63 

25-65 

39-8° 

2-46 

29-23 

49-6° 

2-27 

40-04 

60-2° 

2-08 

62-84 

70° 

1-92 

65-57 

80-6° 

1-80 

76-61 

90° 

1*72 

84-83 

100-1° 

1-68 

89-23 

111-3° 

1-65 

92-67 

121-5° 

1-62 

96-23 

135° 

1-60 

98-69 

164° 

1-58 

100 


Troost, 

continuing the experiments in 1878 


at very low pressures, finds that at temperatures 
as low as 27° complete disjfiooiation may take 
place. 

Naumann gives a largo series of numbers, as 
in the case of acetic acid vapour, between tem- 
peratures of — 6° and -i- 22'6° and pressures of 
84 to 301 mm. Another determination of the 
density of nitrogen tetroxide vapour has been 
made with extreme care by E. and L. Natanson 
(IT. A. 1886. 164). 

As has been already stated, Berthelot and 
Ogier have measured the specific heat of acetic 
acid and nitrogen tetroxide vapours. The method 
adopted was Regnault’s ; care was taken in the 
caseof nitrogen tetroxide tohave all the apparatus 
made of glass. The specific heats were of course 
measured under constant pressure. Through the 
range of temperature over which it undergoes 
change, the specific heat is enormously greater 
than the mean specific heat of permanent gases 
formed from their elements with condensation. 
For the latter Begnaultsgives, for nitrous oxide, 
fo{ instance ; 

Molecular specific heat 8*76 + ‘0055t 

And for carbon dioxide 8*23 -f- •01177<* 
while for gases formed without condensation we 
have practically the same value without a tem- 
perature-coefficient, at least up to 200°. For 
some organic substances the specific heats are 
much greater. Wiedemann gives as follows 
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Moleoalar spcci&o beat 

Ethyl bromide . . . . 14*76 + *0388i 

Acetic ether 24*1 + *0765^ 

Benzene 17*45 + -0798i, 

while for acetic acid and nitrogen tetroxide the 
Bpecifio heat rises abovd 60^^, and the tempera- 
ture-coefficient is itself a function of the tempe- 
rature. The following numbers will make tlie 
results of Berthelot and Ogier clear 


1 

Temperature Interval 

Total heat 
absorbed b}' 

1 gram- 
molcculo of 
N ,04 ex. 
pressed in 
gram- 
degrees 

Meim mole- 
cular spfcifto 
heat for 
the range 
apeoifled 

27® to 67° (40 degrees) 

2988-0 , 

74-7 

67® „ 103® (36 „ ) 

2050-8 

57-0 

103°,, 150® (47 „ ) 

1271-1 

27*0 

160® „ 198° (48 „ ) 

436*1 

9*1 

198®,, 263® (56 ,. ) 

403-4 

8*9 

253®,, 289® (36 „ 

594*2 

1 12*9 

1 


This table shows that the heat absorbed is 
very great, even at 27®, and the specific heat di- 
minishes till the temperature of 150® is reached. 
From there it remains fairly constant till the 
temperature rises to 253®, and above that it in- 
creases. Berthelot subtracts from the values 
given above, the heat which would be taken to 
raise the temperature of a non-dissociable gas 
through the same ranges, adopting Eegnault’s 
formi^, moleo.sp. heat -■= 8*76 + ‘OOoSi. The re- 
maining heat is probably taken up in dissocia- 
tion-work; assuming this to be the case, Berthe- 
lot calculates the amount of dissociation which 
should take place, and compares the result with 
the numbers obtained by Naumann and Salet as 
deduced from observations on the vapour density. 
It will be seen thafthe numbers agree as well as 
could possibly be expected, bearing in mind 
the unavoidaole experimental errors of such a 
diflScult operation as a determination of the 
specific heat of a gas. 


Decomposition between 
dLDfereiit temperatures as 
deduced from heat absorbed 

Decomposition between 
different temperatures de- 
duced by Naumann and 
Salet from vapour density 
observation 

liango of tem- 
perature 

Decompo- 
sition in 
percen- 
tages of 
total 

Range of tem- 
perature 

Decompo- 
sition In 
percen- 
tages of 
total 

27° to 67® 
67® „ 103® 
103° „ 150® 

40 

26*3 

13*2 

Bolow 26® 
20® to 70® 
70® „ 100° 
JOO® „ 136° 

20 

35*6 

23*6 

9*6 

79*5 

68-7 


The agreement will be better seen from the 
curve (fig. 5). In order to compare the two 
effects the ordinates are proportional to the 
quantities of heat absorbed for one curve, and 
proportional to the decomposition in the other. 
The abscissto give the temperatures. It will be 
seen that the agreement is very close ; if it were 
complete the curves would coincide. It is still 
closer, however, for acetic acid vapour, for which 
Berthelot and Ogier have made similar experi- 
ments and calculations. The curves will explain 
this; for the actual numbers v. the original 
paper. An extension of Gibbs’ thermo-dynamic 
theory has been made to embrace these variations 
of specific heat by Duhein {J. de Fh., July 1886). 
The calculated and observed variations seem to 
agree fairly well. 

Iodine . — The vapour-density of iodine varies 
with temperature and pressure. A very full and 
complete study by Crafts and Meier has been 
made of the vapour of iodine {v, curves, fig. 6). 
The results may be summarised by saying that 
from 300® to 700® iodine vapour behaves like a 
perfect gas; at 700® the relative dehsity of the 
vapour begins to diminish under all pressures, 
and this continues till the temperature reaches 
a value of about 1,600°, when the vapour again 
conforms to the gaseous laws. The two states, 
below c. 700° and above 1,500®, correspond to the 


Acetic acid. Theoretical vapour-density (11 = 1) 29*92. 
Pressure in mm. 


I 

fO 

40 

100 

300 

soo 

1000 

2000 

6000 

10000 

16000 

20000 

24000 

40® 

60® 

60® 

70° 

80® 

100® 

120° 

140® 

160® 

180® 

200® 

220° 

240® 

260® 

2C0® 

64*22 

60*62 

47*04 

43*65 

40*46 

85*68 

82*76 

31-32 

63-61 

60*38 

47*12 

43*86 

87-92 

84*01 

32*12 

61*21 

48*08 

41*81 

36*50 

8S72 

82*10 

81*17 

48*60 
42*79 
38-05 
34*77 
i 32*66 

46*71 

41*42 

36*88 

34*01 

46*81 
, 41*80 
87-39 

47*81 

42-58 

88*64 

85*82 

84*00 

82*89 

82*21 

* 

47*99 

42*39 

38*79 

86*39 

84*66 

1 

47-60 

42*80 

39*10 

63*00 

45*45 

61-34 

CO-70 
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torrnulse Ij &nd I respectively. Considering the Debray found it, and that the variations of pres- 
rato of dissociation and its relation to pressure sure are never regular. Raoult finds that, start- 
we may say that the rate of dissociation per ing with quicklime and CO^, combination takes 
degree of temperature becomes greater as the place with incandescence at about 650^. The 
pressure diminishes. These changes are aocom- compound formed has, however, the formula 
panied by a change of the absorption-spectrum* (Ca0)2C02. This conipound is capable of ab- 
(Salet, Bl. 1873. 674). sorbing more carbon dioxide, though the velocity 

Dissociation of compounds. of the reaction is very small ; in twelve hours 

I. Systems that are not homogeneous, after a continual passage of a stream of GO, 
-Carbonate of calcium. over the compound, analysis shows that a body 

Bibliography. — Debray (O.jR. 64, 603); Wein- of the composition 4Ca0.3C02 is produced, 
hold (P. 149 ; J. 1874. 119) ; Raoult (C. R. 1881. and an extremely slow absorption still goes on. 
189); Birnbaum and Maher {Bl. 1880. 88); Raoult also finds that the amount of carbon di- 
Wiedemann (P. Jubelbd, 1874. 474 ; J. pr. [2] 9, oxide absorbed depends on the previous history 
338h ' • of the quicklime and that it is much less ab- 

Debray made the first research on this sub- sorbent if it has been previously heated to a 
jeot. His method consisted in heating Iceland high temperature. Wiedemann finds that much 



For the acetic acid curves tha temperature scule is For the nitrog<‘n tctioxidc the amount of heftt absorbed 
Fupposed to be Increased by 100”. The lieat absorbed bot.vocn 127” to lOH” h divitlod into 100 parts, as is the 
between 120° and 260° is divided Into 100 parts, ns Is the dissoji.ition as given by Naumann and Salet, 
change of vapour-density. 

Fig. 5. 

spar in a vessel connected with a manometer doponds on the crystals of Iceland spar selected 
and air-pump; an arrangement providing for the being previously carefully dried. Debray is 
introduction of carbon deoxide was also attached probably substantially correct in his general dc- 
to the apparatus. Decomposition of the calcium ductions, but not in his experiments, 
carbonate begins at 440®, the crystals becoming Hydrated saWs.- -Efflorescence (Debray, C.P. 
opaque owing to changes qt the surface. Above 1868. 194). In general, the same phenomena 
this point the phenomenon of limiting pressure are observed in heating hydrated salts as in 
depending on the temperature is (fbserved. Ac- heating calcium carbonate. There is a definite 
cording to Debray the limit is the same whether limiting pressure for every temperature ; this is 
we start from calcium carbonate in a vacuum, or the same whether the water-vapour exists by 
from quicklime in an atmosphere of carbon di- itself or in presence of air. In fact the hydrated 
oxide. If in any case the pressure is kept below salts act very much lilfe liquids in their appre- ’ 
the limiting pressure corresponding to the tern- oiation of ' partial pressures.’ The phenomena 
perature, the Iceland spar, will be completely are modified in accordance with the fact that 
decomposed. ®aoh salt is generally capable of forming more 

Vapour-pressure at 860® » 86 mm. of mercury, than one definite hydrate. 

1040° » 620 mm. „ The numbers observed by Debray for crys- 

Weinhold, repeating these experiments, finds tallised sodium hydrogen phosphate will 
that the pressure of CO, is always greater than serve as examples. (Na 2 HP 04 + 24H,0) and 
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(NajHPOi + 14H,0), / is mazimum vapour* 
pressure of the salt, P is pressure of water- 
vapour at same temperature : — 


TempentorM Phosphate of Phosphate of 
sodium con- sodium contain- 



tfUnlng from 
l4toS4H.O 

ing a little less 
tLml4H.O 


' i 

^ s 


mUlimetrei 

milUmetres 

12*3 

7*4 0*694 

4*8 0-462 

16-3 

9*9 0*717 

6-9 0-500 

20-7 

14*1 0*776 

9*4 0-517 

24*9 

18*2 0-777 

12-9 0-661 

31*6 

80*2 0-819 

21-3 0-618 

86*4 (the salt melted) 39*5 0-877 

30-5 0*678 

40-0 

60*0 0*901 

41*2 0*760 


Wiedemann has observed the relation be- 
tween limiting pressure and temperature for the 
following salts * 



MgSO,.7HjO 


Temp. 

Pressures 

Temp. 

Pressures 


mm. 

0 

mm. 

24*3 

17-8 

60 

76*7 

35 

35-6 

60 

122*5 

40 

47*2 

70-4 

190-3 

40*2 

46-3 

80 

276 


2:nS0,.7H,0 



(The crystals melt at 70-5°) 


Temp. 

Pressures 

Temp, 

Pressure.? 


mm. 


mm. 

16*6 

113-9 

60 

116-6 

80 

20-3 

70 

170-8 

40 

44-2 

75 

221*2 

40 

43-6 

85-6 

376*4 

60 

73-1 

90 

427 

60 

74-5 





CoSO,.7H,0 


Temp. 

Pressures 

Temp. 

Pressure* 

O 

mm. 


mm. 

22*1 

115-9 

65 

168-2 

85 

84-6 

76 

262-6 

35 

35-6 

76 

254-7 

45 

G2-3 

85 

377*4 

45 

65 

90 

447-9 

55 

106 j 




NiSO,.7HjO 


Temp. 

Pressures 

Temp. 

Pressures 


mm. 

0 

mm. 

25 

19-3 

65 

163-8 

35 

36-4 

65 

165-9 

35 

.38-4 

* 75 

261*6 

45 

63-7 

83 

312-6 

55 

105-6 




Sulphate of iron FeS 04 . 7 H.p 


(The crystals melt at about 90^) 


Temp. 

Pressures 

Temp. 

Pressures 


mm. 


mm. 

20 

10-9 

65 

163-4 

30 

20-3 

65 

160-9 

40*2 

40-1 

75 

263-9 

50 

74-8 

86 

397-7 

56*2 

103-5 

93-5 

648-9 

60 

131-3 




Neumann has studied the efflorescence of 
sulphate of copper very carefully, and it is 
chiefly through his researches that the influence 
of previous history and the precautions neces- 
sary in observing the equilibrium of slow velocity 
changes have been brought to light. These ex- 
periments show very clearly how the velocity 
depends on the state of the salt with respect to 
the size of its particles. In the case of crystals 
a slccw progressive change goes on as the inner 
portions become dehydrated, and it is only when 


Curve representing the density of iodine vapour at different temperatures and at differsTti preemres 
according to the experiments of Crafts and Meier (Lemoine)* 



Flo. 
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the oomposition of the crystals is uniform Oxide of iridium (H. St. 0. Deville and 
throughout that the equilibrium is obtained. Debray, C. B, 1878. 441).— A clear example of 
Carbonates of manganese and silver (Joulin, dissociation. Limit at 828^’ is 5 mm., and at 
A. Oh. 1873. 276). — The velocity of the reaction is 1139®, 746 mm. At 1000® the limiting pressure 
very slow ; and the influence of the previous is greater than the partial pressure of oxygen in 
history is even more marked than in the case o^ the air at atmospheric pressure ; it follows from 
carbonate of lime, so much so that the author this that at temperatures below 1000® the iridium 
considers that allotropio modifications of the oxide can decompose in air, and at temperatures 
salts exist, and that these have different vapour above this iridium is non-oxidisable. 
pressures. Carbonate of silver appears to be Compoti/)^ of metallic chlorides with am- 
oven more irregular in its behaviour than car- monia, studied by Isambert {0. B. 1878).— The 
bonate of manganese. Lemoine has summed curves (taken from Lemoine) will suffice to ex- 
up those experiments as follows. After laying plain the matter sufficiently (fig. 7). 
down the simple principles as deduced from ex- Chloride of sulphur^ and the compound 
periments on oarbon 5 ,to of lime he says : ‘ Mais formed by the combination of cuprous chloride 

Cunes representing the jyressurcs of ammonia-gas which limit the dissociations of 
ammoiiiacal chlorides at different temperatures. 


20 40 60 80 100 1£0 160 180 200 '^ 



Temperatures, 

Boales : 0'6 mm. for I degree of temperature, and 6-0 mm. for 100 mm. of preasure. 

Fio. 7. 

11 pout BO presenter des cas oh la combinaison, and carbonic oxide, appear to dissociate, and 
tout en se faisant en mfime temps que la d6oom- have given rise to some discussion (Berthelot, 
position, soit si lente que Routes sortes do cir- A. Oh. [8] 46, 48; Michaelis, A. 170; Isambert, 
Constances accidentelles influent ^ ur elle : il G. jB. 1878). 

peut se faire que les 6l6ment8 mis en liberty Metallic hydrides (Troost a. Hautefeuille, 
dprouvent des modifications allotropiques, an G. B. 1874 a. 1876).— These researches have 
moins commen^antes, qui gdnent leur combi- shown that hydrogen may be associated with 
naison nouvelle. Dans tons ces cas, I’dtablisse- metals in three different ways 1. By simple • 
ment d’une tension limite, tout en 6tant Tex- condensation as in the well-known case of 
pression gdndrale du phdnomdne, se manifestera platinum black. 2. By solution. 8. By chemi- 
moins nettement, parce que k loi est compliqu6e cal combination. Heating the substance in a 
par diffdrentes circonstances accessoires.’ closed space in connexion with a manometer and 

Mercuric oxide (Myers, Bl. 1871). — The air-pump will at once show which of the three 
experiments are so complicated by the vapour forma of combination is exhibited in any special 
of mercury set free that no useful information instance. If the gas is simply condensed 
has yet been drawn from them. there will be no definite relation between the 
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rossatd and the temperature. It generally 
appens that the second and third order of 
phenomena are exhibited together. In this case 
the gas that is dissolved will be simply evolved 
on heating, and will leave a more or less definite 
oompound having a definite limiting dissociation’ 
pressure. • 

For instance, potassitm hydride KM ‘ dis- 
solves ‘ forty times its volume of hydrogen, so 
that on heating and exhausting ^is gas is 
evolved. It would probably, however, be more 
accurate to say that two or more hydrides may 
be formed of different degrees of stability. On 
raising the temperature we get a definite dis- 
sociation of the potassium hydride which re- 
mains. The numbers are : — 

Pressures of Pressuros of 

Temperatures dissociation Temiioratures dissociation 
” rum. ° inm. 

330 45 390 , 363 

340 58 400 548 

360 72 410 736 

360 98 420 916 

370 122 430 1,100 

880 200 


Palladium hydride gives : 

Pressures of Pressures oC 

Temperatures dissociation Temperatures dluociatioai 
® mm. ® mm. 

20 10 120 467 

• 40 25 140 812 

60 60 160 1,475 

80 106 170 1,840 

100 232 

The compound formed by chlorine and water 
dissociates very readily, giving the curve shown 
in fig. 8. 

Hydrogen selenide.—'fho dissociation of this 
gas has been studied byeDitte (C. B. 1872. 
980). It apparently presents the extraordinary 
anomaly of the dissociation -pressure not in- 
creasing continuously with the temperature. It 
must be noted, however, that below the tempera- 
ture of 270° the velocity of the reaction is so 
small that the composition of the gaseous mix- 
ture has to be determined by a sudden cooling 
of the sealed tubes containing the gas, and a 
subsequent analysis of their contents. It may 
be very fairly asked how, in the first place, this 


Di&iociation of chlorine hydrate. 



t 1® U* 

Temperuturo. 


Scales ; 6 nun. for one degree of temperature, 6 mm. for 100 mm. of pressure. 

Fio. 8. 


And for eodmm hydride, in which hydrogen is 
much less soluble, the numbers are : — 

Pressures of Pressures of 

rempemtures dissociation Temperatures dissociation 
o pim , ® mm, 

830 28 390 284 

840 40 400 447 

350 67 • 410 698 

860 76 420 752 . 

370 100 430 910 

880 360 


procedure gets over the velocity difiSoulty, and, 
in the second place, whether it is likely to give 
any information at a^l seeing that no cooling 
can take place in an infinitely short time. The 
following numbers will give an idea of the 
velocity of the reaction when selenion is heated 
with hydrogen :~ 

Temperature of 860°. 

Proportion per Proportion p«( 

Number of lOOofH^e Number of 100 of H, Bo 
hours formed hours formed 

10 31-4 63 87-8 

24 33-1 74 87 

26 34-8 86 67*8 

44 86*6 
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Nombcr of 
hours 

16 

21 


Temperature of 440°. 


Proportion por 
100 of H,So 
formed 


46-3 

48-8 


Number of 
hours 

69 

165 


Proportion per 
100 of n,Be 
formed 
60*6 
61-5 


The effect on the velocity of changing the 
pressure of the hydrogen is small, and acta so 
as to diminish the velocity when the pressure 
increases; but the limit of the reaction was 
probably never attained in these experiments. 
The effect of porous bodies has also been studied 
by Ditte, and the result is that a small but 
definite increase of velocity is due to their 
action, which is less marked, however, at high 
than at low temperatures. 

Ammonia and. carbon dioxide (Naumann, 
A. 84; Horstmann, A. 1887). — The limiting 
pressures of dissociation of ammonium carba- 
mate are given by Naumann as follows : — 


Tempera- 

Pressures of 

Tempera- 

Pressures of 

tures 

dissociation 

tures 

dissociatiou 

0 

mm. 


mm. 

-15 

2-6 

26 

97-5 

-10 

4’8 

80 

124 

~ 6 

7-5 

36 

J91 

0 

124 

40 

248 

6 

22 

46 

3.54 

10 

29‘8 

50 

470 

16 

46-5 

65 

600 

20 

62-4 

60 

700 


The velocity is small and increases with the 
temperature ; it also largely depends on the 
extent of surface exposed by the carbamate. | 
Naumann and Uorstmann have studied the | 
effect of the presence of an excess of ammonia i 
or carbon dioxide. They find that the effect of 
an excess of either gas is to hinder the dissocia- 
tion. In other words, the limiting pressure is 
diminished by the presence of an excess of i 
either gas. This does not appear to be the i 
same for the same excess of either gas. With a ' 
given exoesi the limiting pressure is greater , 
in carbon dioxide than in ammonia. 


Case in which carbon dioxide is in excess : — 


Temperature 

Total 
prob- 
suro ob- 
served 
after 
mixture 

v 

Partial 
pres- 
sure of 
the pas 
arlded 
in 

excess 

P 

8 

0 

.1 

0 

P-ir 

~P, 

Vapour- 
prehsnre of 
tho carba- 
mate iu a 
vacuum at 
temperature 
considered 

P 

Ratio 

P 

Ratio 

F, 

P 

0 

20-4 

mm. 

78-9 

mm. 

33-6 

mm. 

45-4 

mm. 

6(5-2 

0-52 

0-71 

21-8 

105-8 

69-9 

36-9 

,71-0 

0-98 

0-81 

18-8 

112-4 

87-4 

25-0 

55-0 

1-59 

0-45 

18’8 

146-4 

122-3 

23-1 

55-0 ' 

2-22 

0-42 

17-9 

167-9 

148-9 

19-0 

63-3 

2-79 

0-36 

18-6 

203-4 

185-5 

17-9 

66-3 

3-28 

0-32 

17-9 

193-3 

176-7 

17-0 

63-3 

3-30 

0-33 

17-8 

226-3 

208-4 

16-9 

63-0 

3-93 

0-32 

17-6 

243-6 

228-5 

16-1 

62-3 

4-37 

0-29 

18*0 

302-9 

288-3 

14-6 

66-6 

6-10 

0-26 

17-7 

297-5 

285-6 

12-9 

^-6 

6-43 

0-24 ' 

17*7 

328-8 

816-8 

13-0 

62-6 

6-99 

0-26 

18-4 

353-7 

340-7 

13-0 

66-5 

6-14 

0*23 

18-4 

426-4 

416-8 

9-6 

65*4 

7*62 

0-18 


Case in which ammonia is in excess 


.1 

p. 

i 

H 

Total 
pres- 
•ore ob- 
served 
after 
mixture 

v 

Partial 
pres- 
sure of 
the gas 
added 
in 

excess 

P 

1 

® * 

P-ir 

=P/ 

Vapour- 
' pressure of 
the carbo. 
mate in a 
vaouum at 
temperature 
coubidored 

P 

Ratio 

P 

P 

jRatio 

Pi 

P 

0 

ram. 

mm. 

mm. 

mm. 



21-8 

69-5 

24-4 

45-1 

70-9 

0*36 

0-67 

20-6 

75-2 

35-4 

39-8 

66-3 

0*64 

0-61 

208 

86-9 

57-1 

29-8 

66-2 

0*86 

0-45 

17-7 

68-9 

48-6 

i 30-3 

62-6 

0*92 

0-39 

20-8 

88-5 

66-1 

22-4 

66-2 

1-00 

0-34 

22-0 

103-5 

89-1 

14-4 

72-1 

1*24 

0-20 

20-81 

108-1 

93-4 1 

14-7 

66-2 1 

1-41 

0-22 

20-4 

111-8 

92-6 

19-2 

64-3 

1-44 

0-30 

17-3 

99-7 

• 86 0 

13-7 

61-2 

1-68 

0-27 

21-7 

132-1 

125-2 

6-9 

70-4 

1*78 

0-10 

20-7 

154-6 

141-6 

12-9 

65-8 

2*16 

0*20 

17-3 

128-0 

1190 

9-0 

51-2 

2-33 

0-17 

21-7 

168-1 

165-8 

2-3 

70-4 

2-36 

0-03 

17-4 

165 5 

146-4 

9-1 

61-5 

2-84 

0-18 

21-6 

203-3 

201-2 

2-1 

69-9 

2-88 

0-03 

21-7 

235-0 

232-9 

2-1 

70-4 

3-31 

0-03 

17-1 

180-3 

17.3-3 

7-0 

50-6 

8*43 

0-14 

20-6 

231*1 

226-4 

4-7 

66-3 

8*47 

0-07 

21-8 

293-6 

292-2 

1-6 

70-9 

4*16 

002 

20-8 

296-6 

289-2 

6-4 

66*2 

4*43 

0*10 

21-6 

326-9 

324-8 

1-1 

69*9 

4*61 

o*oa 

21-9 

374-5 

372-2 

1 2-3 

71*6 

6*24 

0-03 

20-5 

417-4 

41G-2 

i 1-2 

64*8 

6*42 

0*02 

17-8 

359-8 

355-3 

4-6 

63*0 

6*71 

0-08 


II. Dissociation inhomogeneous sys- 
terns . — Theoretically hy far the simplest cases; 
numerical results are, however, obtained with 
greater difficulty than in the cases last con- 
sidered. 

Amylene bromide (Wurtz, 0. B. 60, 729). 
CsHiiBr dissociates when heated into amylene 
and hydrobromic acid ; the dissociation is com- 
plete at 360°. Wurtz measured the thermal 
changes produced by mixing amylene vapour 
and hydrobromic acid, and found that at 360° 
the change was zero, and became increasingly 
positive as the temperature fell (C. B. 72). Here 
then we have for the second time a proof of 
dissociation ; the heat of combination of amyl- 
eno and hydrobromic acid bears a simple relation 
to the amount of dissociation as deduced from 
the vapour density observations. Want of agree- 
ment, however, was noticed in some experiments, 
and attributed by Wurtz to the limit not 
being obtained in all cases since the velocity is 
small. 

Phosphorus pentachloride PCI 5 . Owing to 
the researches of Wurtz on the vapour density 
of this body we may consider that, subject to 
the application of Avogadro’s law, dissociation 
hastin this case been demonstrated. The pri- 
mary object of Wurtz’s experiments was to find 
whether the vapour of phosphorus pentachloride 
conformed to the law of Avogadro; assuming 
this to be the ease, it follows that dissociation 
must take place in the observed oases of ano- 
malous vapour density. Applying the principle 
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of the action of mass, Wurtz hit on the notion 
of measuring the vapour density of the penta- 
ohloride when it was vapourised into an atmo- 
sphere of phosphorus trichloride vapour. From 
the analogy of other experiments the effect of 
the trichloride should be to prevent dissociation, 
supposing it to take pijpice under ordinary cir- 
cumstances. This was found to be the case, 
and thus it was proved that phosphorus ponta- 
chloride does obey Avogadro’s law ; or if we as- 
sume that Avogadro’s law expresses the very 
nature of the gaseous state under all circum- 
stances whatever, then the dissociation of the 
pentachloride under ordinary circumstances may 
be considered to be demonstrated. 

The experiments of Cahours were made at 
ordinary pressures ; of Wurtz and of Troostand 
Hautefeuille at low pressures; the low pressures 
were produced by Wurtz by the method of mix- 
ing air with the vapour, and by Troost and 
Hautefeuille directly by means of an air-pump. 
The numbers are : — 

Experiments of Cahours at aUnospIi^ric 


pressure. 

1 


Batio 

Ratio 

i 

Vapour 

X 

1— X 

Density 

of PCI, combined 

of PCI, tlH.->ociatcd 

1 

to POl, possible 

to PCI, possible 

fri 




0 




182 

6*078 

0*68 

0*42 

190 

4*987 

0*55 

0*45 

200 

4*861 

0*51 

0*49 

2,30 

4*802 

0*32 

0*68 

260 

8*991 

0*20 

0*80 

274 

3*840 

0*12 

0*98 

288 

2*67 

003 

0*97 

289 

3*69 

0*04 

0*96 

800 

8*664 

0*02 

0-98 

327 

3*666 

, 0*02 

0*98 

336 

8*666 

002 

0-98 


Experiments of WwrU. 

Low pressures obtained by the diffusion of 
the vapour into air. 


} 

Partial pres- 
ante sus- 
tained by 
the diffused 
vapour 

Density of 
the vapour 
of the 
per- 

ohloride 

Ratio 

X 

of Pd, 
combined 
to PCI, 
possible 

Ratio 

1 — X 

of PCI, 
dissociated 
to PCI, 
possible 

0 

129 

mm. 

170 

6*63 

0*91 

0*09 

129 

165 

6*31 

0-86 

0*14 

129 

191 

6*18 

0*83 

0*17 

137 

148 

6*47 

0*88 

0*12 

187 

248 

6*46 

0*88 

0*12 

137 

1 234 

6*42 

0*87 

0*13 

187 

281 

6*48 

0*89 

0*11 

137 

269 

6*64 

! 0*90 

0*10 

146 

311 

6*70 

0*92 

0*08 

146 

307 

6*83 

0*86 

0*14 

146 

891 

6*65 

0*90 

0*10 


Experiments of Troost and Hautefeuille, 
Low pressures obtained directly by a partiaX 
vacuum. 


1 

1 

Q> 

H 

Pressure of 
the 

vapour 

Density of 
the vapour 
of the 
per- 

chloride 

Ratio 

of PCI, 
combined 
toI'Ol, 
possible 

Ralio 

l-r 

of PCI, 
dissociated 
to PCI, 
possible 

o 

144*7 

mm. 

247 

6*14 

0*82 

0*18 

148*6 

244 

6*964 

0*79 

0-21 

1601 

225 

6*886 

0-77 

0-23 

154*7 

221 

6-619 

0*72 

0-29 

167*6 

221*8 

5-413 

0-67 

0-33 

175*8 

25.3*7 ■ 

6*2:{r) 

0-62 

0*30 

178*6 

I 227*2 

6*150 

0-60 

0*40 


The results of Troost and Hautefeuille are 
probably the best, because there is reason to 
suppose that the limit was not always reached 
by Wurtz, and he had no right to treat the 
vapour as accurately fulfilling the law of Boyle. 

Lemoine has calculated the influence of an 
excess of trichloride vapour from the experi- 
ments of Wurtz and Cahours. 

Hydriodic acid (Lemoine, C. R. 1876 and 
1877 ; A. Ch. 1877). —Hydriodic acid was chosen 
by Lemoine as the subject of an exhaus- 
tive series of experiments for the following 
reasons. The chemical constitution of hydriodic 
acid is the simplest possible for a compound; 
the products of its dissociation are gaseous at 
manageable temperatures, and the thermal 
changes undergone during dissociation are very 
small; the velocity of the changes is large 
enough to be manageable. 

Velocity of formation or decomposition of 
hydriodic acid varies enormously with the tem- 
perature. At 440° equilibrium is restored 
almost in an hour ; at 350° days aio required ; 
while at 260° the period is one of months. The 
decomposition of hydriodic acid at 260° appears 
to be much slower than the combination of 
hydrogen and iodine vapours. 

Relation of free to total hydrogen at the end 
of 8 howSf beginning with {a) hydriodic acid^ 
(b) mixture of hydrogen and iodine. 

Temperatures Hydriodic acid 

360° 0-03 0-69 

440° 0-22 0-25 

Again, the velocity depends on the pressure, 
being greater the greater the pressure. Thus, at 
the end of 8 hours — 

At a pressure ot 4 atmospheres 0'44 free, 
leaving 0'66ucombiued. 

At a pressure of 2 atmospheres 0‘09 free, 
leaving 0*31 combined. 

At a pressure of 1 atmosphere 0‘97 free, 
leaving 0*03 combined. 

At the end of 34 hours we shall have— 

At a pressure of 4 atmospheres 0*29 free, 
leaving 0*71 combined. 

At a pressure of 2 atmospheres 0*48 free, 
leaving 0*62 combined. 

At a pressure of 1 atmosphere, 0*61 free, 
leaving 0*39 combined. 
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The relation of velocity to pressure is rendered 
clearer by the curves shown in figs. 9, 10, and 11. 

The horizontal lines represent the time in 
days. The vertical lines represent the relation 
of the free hydrogen to the hydrogen introduced 
(free hydrogen persisting if we begin with iodine 
and hydrogen; set at liberty if we start with 
hydriodio acid). 

The value of the limit varies with the tem- 
perature and pressure, but varies much less than 
the velocity. The variation appears to be regular. 
The effect of pressure is very small but real, and 
more marked at high temperatures than at low 
ones. Compression appears to make combina- 
tion more complete. • Special care was taken to 
insure the attainment of the limit. A small 
correction has to bo made for the action on the 
glass, this has been determined experimentally 
and found to make the corrected value of the 
limit greater than the uncorrectod value : a very 
curious result. The ratio of free to total hydro- 
gen at 4-5 atmospheres is increased about 4 p.c., 
and at 9 atmospheres about 14 p.c., but these 
actual values can hardly be considered quite 
satisfactory. The curve shown in fig. 12 indicates 
the relation between the limit and the pressure. 


Hydrogen and iodine vapour heated to 440® 
in variable proportions^ the presswre remaimng 
constemt (Lemoine). 


Duration of 

Pressure at 

Ratio of the 


the experi- 

440® of the 

equivalents 

Ratio of free to 

ment in 

hydrogen 

of iodine and 

total hydrogen. 

hours 

alone 

atm. 

hydrogen 

// 

2-20 

1-000 

0-240 

6 

2-33 

0-784 

0-360 

4 

2-33 

0-627 

0-647 

22^ 

2*31 

0-258 

0-774 

26 

0-37 

1-360 

0-124? 

(Hautefeuille) 

H 

0*45 

1-000 

0-260 

8 

0*41 

0-623 

0-676t 

14 

0-46 

0-580 

0-614t 

n 

0-46 

0-561 

0-600 1 

22 

0-48 

0-626 

0-563 

22 i 

0*48 

0-266 

0-794? 


t Tlioso iJliree experiments, which lasted respectively 
8, 14, and 9i hours, were nob sufflciently prolonged, and 
tlic limit was not reached. 


In considering the gaseous volumes for a 
point, m, in the curve (fig. Id), pm is the volume 
of hydrogen remaining free, mr is the volume of 


Curves representing the proportion of gas remaining free in a mixture of hydrogen and iodine 
vapour in equal volumes, or in hydriodio acid heated to the temperature of 360® (Lemoine). 

Pressure = 4 atmospheres. 

Hydrogen and iodine. 



Pressure = 2 atmospheres. 
Hydrogen and iodine (descending enrreX 
Hydriodio acid (ascending curve). 



The ordinates marked .by points represent 
the relation of the free hydrogen, to the total 
hydrogen calculated when the action of the 
glass is neglected; the ordinates marked by 
crosses represent the same relation, taking this 
action into account, for eight hours’ heating. 
Excess of one of the elements has the same 
effect as diminishing the pressure as far as 
velocity goes, that is, velocity diminishes with 
an excess of either element. 

The influence on the value of the limit is 
much more marked. * An excess of either element 
gives stability to the compound.’ This is shown 
by the curve (fig. 13) and the following table ; — 
7ol. II. 


hydrogen combined, and consequently also the 
volume of iodine vapour combined ; the volume 
of iodine vapour introduced -Ar-rgr (since AB 
is inclined at 46 degrees) ; mg is therefore the 
volume of iodine unoombined. The ratio of the 
hydriodio acid dissooiajj^d to the hydriodio acid 
possible is therefore that of the lines mg and rg, 
If*all the iodine combined, the curve would be 
reduced to the straight line AB. If with an in- 
finitely small quantity of iodine there was no 
dissociation, the curve would be tangential to AB; 
this, however, does not occur. 

We may take from the curve the ratio of the 
hydriodio acid dissociated to the ‘ possible ' hj« 

DD 
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driodio acid, that is to say, the amount of hy- 
driodic acid which would be formed were all the 
iodine taken up by the hydrogen. In the case 
where the temperature is 440°, and the partial 
pressure of the hydrogen is 2' 3 atmospheres, we 
get the following , 

Batlo of the number Ratio of III dls- Ratio of HI pcr- 


of equivalents of sooiatod to HI slstent to HI 
Iodine and hydrogen possible possible 

1-OOOH + I 0-24 0-76 

1-000H + 0-7841 0-17 083 

1-000H + 0-6271 0-14 086 

1-000H + 0-2581 0-12 088 


Again, if we cause 1 equivalent of iodine to 
aot respectively on 1, 2, 3, &c., equivalents of 


alter the velocity*- enormously, but have only a 
small influence on the limit. The action of 
sunlight appears in some oases to destroy the 
limit entirely, and to cause perfect oombina. 
tion. 

Methyl ether and hydrochloric acid (Fricdel, 
C. R. 81). — When a mixture of methyl ether 
and hydrochloric acid is passed through well- 
cooled tubes a liquid is formed whose composi- 
tion is variable, and may be considered to be 
represented by the formula x(CHs).p4-7/HCl. 
If the gases are merely mixed a dissociable 
system is obtained, behaving in many ways like 
the one last considered, but differing from it in 
that a contraction of volume takes place during 
the combination of the ether with the hydi-o- 


Prc'^sure = 1 atraoaphere. 
Hydrogeu iiud lodiue. 



Fia. 11. 


Curve repretenting the relation of the free hydrogen to the total hydrogen, that is to mj the limit 
of decomposition of hydriodic acid, at 440° for different pressures* 



Scales : 10 mm. for one atmosphere, and 10 mm. for O'! of hydrlodlt icid decomposed. 
Fio. 12. 


hydrogen, we get the following relations, which 
may be put in a curve (fig. 14) 


Oompoflltion of the 
system Introduced. 

H+I 
2H + I 
8H-1-I 

m+x 


Ratio of HI dl-?- 

Ratio of HI per- 

Booiated to HI 

sistent to HI 

possible 

possible 

6-26 

0-74 

0-16 

0-84, 

0-13? 

0-87 

0-12 

0-88 


Lemoine considers it probable that an indefi- 
nite increase of one of the reacting bodies would 
never tend to produce total combination of the 
^ other. Berihelot doubts this. 

Porous bodies, and especially platinum black, 


chloric acid. This facilitates observation, but 
makes the' application of theory more difficult. 
The velocity of the reaction is so great as to be 
unobservable. 

The condensation amounts to one-half the 
volume of the mixed gases. 

Vapour density o| oxide of methyl is . l-5!)2 
„ „ hydrochloric acid is . 1-2G3 

„ „ compound if com- 
pletely formed is . 2-861 

„ „ mixture of equal vo- 

lumes of methyl 
oxide and HCl is 1-43 
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I. Rise of temp6ratureihc,roK&Q% dissocia- 
tion. Numbers are ; — 


If the combination be total . 

Vapour density 

. 2-884 

At the temperature of 

. 5° 

. 1-645 


. 16° 

. 1-670 

It «• 

• 25° 

. 1-537 

»» »i 

• 35° 

. 1-516 

It It 

, 45° 

. 1-506 

II It 

• 55° 

. 1-498 

tt 11 

. 05° 

. 1-488 

t> II 

. 75° 

. 1-483 

tt 11 

. 85° 

. L-474 

It II 

. 115° 

. 1-407 

If the decomposition be total 

. 1-430, orl-442 


with the gaseous mixture employed by Frie- 
del. 

II. Influence 0 / pressure. —Dissociation 
diminishes with increasing pressure, thus : — 

Vapour density 

If the decomposition were total . . . 1‘430 
At the pressure of 670ntm. of mercury , 1-537 


It M 750 „ 

, 1-648 

t, t, 850 

. 1-565 

It If 050 ,, 

. 1-583 

11 It 10.50 ,, 

. 1-602 

1100 

the combination wcie total . . 

. 1-611 
. . 2-854 


III. Influence of an inert r;as, suchas 
air, is the same as that of a reduced pressure. 


Curve representing the ratio 'of free hydrogen to total hydrogen in a mixture of hydrogen and 
iodine vapour heated to in variable proportions. 

. The Tolume of hydrogen OA = OB is constant, and in excess wltii respect to the iodine. 



Numbers of equivalents of iodine for one equivalent of hydrogen. 

Beales : 7'6 mm. represent 0-1 equivalent of iodine for one equivalent of hydrogen ; 7'6 mm. represent Q-1 of hydrogea 
remaining free for 1-0 of hydrogen Introduced. 

The curve uniting the points represents the experiments at high pressures. 

The crosses represent the experiments at low pressures. 

Fio. 13. 


Curve representing the ratio of the hydriodic acid dissociated to the hydriodic acid possible in a 
gaseous system, in which one equivalent of iodine vapour is heated to ‘140° in presiiice of vari- 
able quarditics of hydrogen. 



Soolos ; 20 mm. for each equivalent of hydrogen : 7*5 mm, for O’l of hydriodic acid dissociated. 

Fio. 14. p p ? 
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IV. Effect of excess iathe aame aa for hy- 
driodio add. WiiSfl the temperature is about 
20° mi the presBnre 1 atmosphere, the numbers i 
are the following:— 

Bxoen of oxide of methyV Contraction (with respect 
(with respect to the to double the volume of 
total Tolume of the mixture) the less abnudant gas) 


-0 

= 6*8 

0*10 

7*7 

0*20 

8-9 

0*40 

10-8 

0*60 

11*8 

Excess of hydrochloric acid 
(with respect to the total 
volume of the mixture) 


-0 

6-8 

0*10 

7*7 

0*20 

8*6 

0*40 

1(14 

0*60 

11*2 


These may be put in a curve thus : — 


sociation may be obtained from the van 
densif/obserred. tbe migbtotoomSi 
dmclBtea, ma piB me total weight per litre, 
we find that the fraction V- may be calculated 
^ 2'33 

from the equation ^ = - 1, where d is the 

P ® 

observed vapour-density. Thus the influence 
of temperature is given by the numbers 

ratio dissooiatcd at 


Temperature 

p 

dul’ereiit teinpoiatures 

6° 

0-75 

15 

• 0-84 

25 • 

0*88 

35 

0*90 

46 

0*92 

65 

0*93 

65 

0*94 

76 

0-95 

85 

0-96 

96 

0*97 


Curve representing the contraction of a mixture of hydrochloric acid and oxide of methyl, in 
which one of the two gases is in excess. 



floilea : 17 mm. for a contraction of 10 per cent, with respect to double the volume of the loss abundant gas : 
7’6 mm. for 0*1 of one of the gases In excess In a volume of the mixture equal to 1. 


Fio. 16. 


Curve representing the fraction of dissociation ^ in a mixture of hydrochloric acid and oxide of 
methyl, when me of the bodies is in excess. 



Bxcess with respect to the total volume of the mixture. 

8ealM : 8 mm. for 0*1 of the possible combination dissociated ; 7-8 mm. for 01 of one of tbe gases in exoem 
in a total volume of the mixture equal to 1. 

Fm. 16 . 
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The inflaenoe of pressure is given by the 
numbers ; — 



Ratio ^ disBOoiatod at the 

Fressore 

some tempcniture and at 

mm. 

diHorent pruBsuret 

670 

0-88 

760 

0-86 

860 

0'84 

960 

0-82 

1,060 

0*80 

1,100 

0-79 


When the combination takes place between 
two gases, of which one is in excess, the reduc- 
tion is more complicjited. However, it is not 
difficult, and is given by Lepoine, page 89 of 
his book. The effect of an excess expressed in 
this way is given by the following numbers, and 
in the curve, fig. 16 : — 

Oxide of methyl in excess. 


Contraotion 


Excess with 
respect to 
the total 

with respect 
to double the 
volume of 

Excess /j. 

Fraction of 
dissociation 

volume of the 

the leas 

expressed in 

y 

mixture 

abuudaiit gas cqulvuleuCa 

P 

0 

0-058 

0 

0-884 

0-10 

0-077 

0-222 

0-846 

0-20 

0-089 

0-500 

0-822 

0-40 

0-108 

1-333 

0*784 

0-60 

0-118 

3-000 

0-764 

Hydrochloric acid in excess. 

0 

0-058 

0 

0*884 

OTO 

0-077 

0*222 

0-846 

0-20 

0-086 

0*600 

0*828 

0-40 

0*104 

1*333 

0-792 

0*60 

0*112 

3*000 

0*776 


The calculations involve an assumption of 
the applicability of Boyle’s law, which is, how- 
ever, only Vstifiable in a limited degree, espe- 
cially with respect to the ether vapour. 

Amongst other dissociable systems which 
have been more or less studied we may notice 

Calomel, by Debray (C. B, 83, 30). 

Ammonium chlomde, by Deville {Legons); 
Pebal {A, Ch, [3J 77, 93) ; Marignao [Bl 1867. 
vol. 2). 

Pebal’s researches have been already com- 
mented on. 

Ammonium sulphide.— Among others, by 
Bineau {A. Ch. 70, 26) ; Deville and Troost 
{C.E. 66, 891; 88, 1239); Horstmann {A.Suppl. 
1863); Salet (C. E. 86, 1080); Mortessier a. 
Engel {C. E. 1879). 

Chloral hydrate,— "Iho, subject of much 
discussion by Troost, Wurtz, Devillj, Borthelot, 
Naumann, &o. Kemarkable for an ingenious 
test introduced by Troost to determine the 
presence or absence of water-vapour, as well as 
its pressure, in the vapour of chloral hydrate. 
The method consists in exposing hydrated salts 
of known vapour-pressure to the action of the 
vapour and observing whether they become 
more or less hydrated. This method, how- 
ever, appears troublesome in practice, and has 
hitherto led to contradictory results (v. Lemoine, 
Alludes, 93). 

Bisiociation of salts in solution v, Solution. 


Bissooiation produced by electrical agency 
A rough and provisional theory has already been 
given of the action of the electrical discharge in 
producing dissociation 

Methods employed. 

I. A series of sparks may be caused to pass 
between the terminate of a eudiometer-tube 
containing the gas to be experimented on. In 
this case care must be taken to prevent the 
heating of the terminals, otherwise the rise of 
temperature produced in their neighbourhood 
will influence the effects to be observed in an 
unknown manner. 

II. The most powerful arrangement yet de- 
vised is the apparatus of Siemens. This consists 
essentially of two concentric glass tubes; the 
outer surface of the larger tube and the inner 
surface of the smaller tube are both coated with 
some conducting material. The gas to be ex- 
perimented on passes through the annular space 
between thft two glass tubes. Let the two con- 
ducting surfaces be kept at different potentials ; 
then it can be shown that there will be an elec- 
trical distribution over the surfaces of discon- 
tinuity of the dielectric. That is, there will be 
a distribution over the inner surface of the outer 
tube, and over the outer surface of the inner 
tube. The difference of potential between those 
two surfaces will increase as the difference of 
potential between the conducting surfaces in- 
creases. A point will finally be reached when 
the difference of potential of the distribution 
between the glass surfaces becomes sufficient to 
produce a breaking down of the insulation of the 
dielectric, and an ordinary discharge will be the 
result. The electric field in the instruments 
generally sold is fairly uniform, and the apparent 
electric strength of the insulating layer of gas 
is proportionately large. The discharge, when 
it does take place, consists of an enormous 
number of small sparks. It is to this fact that 
the efficiency of the apparatus is doubtless to 
be traced. 

Ozone. — The subject of Inany experiments, 
Hautefeuille and Chappuis {C. E. 1880) give 
the following numbers, for the proportion of 
ozone formed, as representing the limits at dif- 
ferent temperatures and pressures : — * 

Proportion of ozone by weight. 


Pressure 

-23-3 

0° 

20° 

100° 

760 mm. 

0*214 

0-149 

0*106 

0*0117 

380 „ 

0-204 

0*152 

0-126 

300 „ 

0-201 

0*153 

0*112 


225 „ 

0*191 

0*163 

0*104 

0-0118 

180 ,. 

0-181 

0*137 

0*089 



The slow resolution of the mixture of ozone 
ind oxygen produced in any of these experiments 
into pure oxygen would form a convenient field 
[or experiments on velocity. A certain number 
of such experiments has been made by Berthelot 

(C.ii.l880):- ^ 

' - Proportion 


At the commencement 
After 1 day 
2 days 


14 

61 

60 




II 


6-3 

2-9 

2-1 

1*2 

0*4 

traces 

zero 
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Nitrogen and Oxygen.— May be oaased to 
combine under the influence of the electric 
spark. This experiment is chiefly interesting 
historically. 

Nitrogen . — It has already befen pointed out 
that the efficiency of the spark in producing 
dissociation of an observable character will de- 
pend greatly on the form of the discharge. This 
is a very obscure subject and cannot be treated 
here. The reader is recommended to consult 
a paper by J. J. Thomson on the electric dis- 
charge in gases (P. M. 1883). It is there shown 
that the pressure must exercise a very important 
influence on the phenomena to be observed. 

At pressures of about 0 8 mm. a discharge of 
a peculiar kind obtained from an induction coil 
by inserting a large resistance in the circuit was 
observed by Thomson and Thrclfall {Pr. 1880) 
to produce a contraction in an atmosphere of 
pure nitrogen. On heating the raculting gas 
the original volume was recovered. This effect 
probably points to the production of an allotropic 
form 6t pitrogen. 

Amtnonia foims a dissociable system : the 
limit is here very high : that is the ammonia 
may be almost completely decomposed. On the 
other hand, of course only a very slight combi- 
nation is produced if we start from nitrogen and 
hydrogen, though this may be made indefinitely 
great by removing the ammonia formed. Sonic 
peculiar views have been put forward in this 
connexion by Johnson (P. B. 188b, No. 2 ; v. also 
Pamphlet, Elementary Nitrogen^ and on the 
Synthesis of Ammonia, by Johnson [Churchill, 
1885]). 

Carbon dioxide is decomposable with a very 
low limit. If a bit of phosphorus be placed 
in the tube to absorb the oxygen as fast as it is 
formed the reaction becomes unlimited. The 
inverse case of carbonic oxide and oxygen is 
curious. Theoretically, from the experiments 
on carbon dioxide, combination should take place 
easily, or rather thg limit should be high. How- 
ever, in an experiment continued for six hours 
very little carbon dioxide was produced, if any. 
This may be accounted for if we assume the 
velocity of the reaction to be extremely slow, 
thongh tWe is no other reason for such an as- 
sumption. 

Water-vapowr, decomposed with difficulty. 

Acetylene.— As the products of decompo- 
sition are liquid the reaction is unlimited. If 
the sparks are large, carbon is deposited and the 
reaction goes on till the gas consists of about 
seven volumes of hydrogen to one of acetylene. 
In this case there is an approximate limit. 
Berthelot has examined its relation to the pres- 
sure, and gives the foUowing numbers 


Frescurein 

Limiting proportion 

metres 

of acetylene 

of meroorjr 

per 100 volumes 

8*46 

11*9 

0*76 

• 12 0 to 12*5 

0*43 

11*9 

0*41 

120 

- r 

■ ■ -i- 

0*81 

6*6 

0*23 


0-18 

81 

0*10 

8*1 


I It will be noticed that the relation is not con. 
tinuous, this is probably to be traced to the fact 
that the products of decomposition depend on the 
kind of spark employed, and this is itself con- 
ditioned by the pressure of the gas. 

Hydrocyanic acid.— This is formed from 
acetylene and hydrogen by the action of the 
spark. The reaction is complicated by the 
production of other and more complex sub- 
stances. 

Theories of Dissociation. 

A. Theories which endeavour to account for 
the phenomena of dissociation and give results, 
numerically comparable with experiment, based 
on the principle of the action of nmss ; Lemoine, 
Guldberg a. Waage, Van ’t Hoff. 

B. Theories based on the kinetic theory of 
gases ; Clausius and Lemoine. 

C. Theories based on the generalisation of 
the principles of thermodynamics ; Willard 
Gibbs, Horstmann, Peslin, Van der Waals. 

D. Theory based on the vortex-atoms hypo- 
thesis ; J. J. Thomson. 

E. Theory deduced from general equations 
of dynamics; J. J. Thomson. 

Tueoby ov the action of mass simply 
(Pfaundler and Lemoine).— Let two gases A and 
B in a system be in circumstances permitting 
combination. Lot there be N molecules of 
A, and N' molecules of B, in a certain closed 
space. Other things being equal, the chance 
of a molecule of A combining with a molecule 
of B will be greater the greater the number 
of molecules of B in its immediate neighbour- 
hood. Similarly the chance of combination 
of a molecule of B will depend on the number 
of molecules of A in its immediate neighbour- 
hood. If dy is the amount of combination in 
lime dt we shall have 

|?=6/(N)t(N'). 

If we assume that the functions are identical, 
which amounts to supposing that an excess of 
cither gas would have the same influence on tho 
result, this becomes 

af= *>/(N)/(N'). 

If the gases do not combine in equal volumes 
the violent supposition is made that a combina- 
tion takes place first of all by equal volumes, 
and that then a further combination goes on 
with the other volumes step by step. Taking the 
case of a combination of one volume of A with 
two of B first of all in timedf we have an amount 
of compound formed given by the last equation, 
viz.;— 

dy-6/(N)/(N') dt. 

This then combines with another volume of 
B or 

g-y/(N')/[i'/(N)/(N')]. 

A further assumption, that the amount of 
chemical change is simply proportional to the 
masses in presence, reduces our first case to 

iNN' 
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and OUT second to 

dt 

wlvcro b ia a constant. 

This, however, oxcopt in a few cases, is found, 
to be itisul'ilcient to account for experimental re- 
sults, and Lemoine, therefore, introduces a new 
constant, thereby abandoning the theory of the 
action being strictly proportional to the masses 
in presence, and writes 

di 

dt 

for the two cases rcspectivety. 

The same result may be arrived at from a 
study of the kinetic theory of gases. Although 
owing to the assumptions necessary no real 
knowledge can be gained from the theory in 
question, still it may bo useful to give a sum- 
mary of it here. The reader will notice the con- 
fusion between atoms and molecules. 

Let A and A' be two gases tending to com- 
bine in equal volumes, N and N' the number of 
‘ free molecules ’ or atoms (?) per unit volume. 
Lot A and A' be the mean distances of the two 
kinds of molecules : then wo have 
NA3== N'A'*^ 1. 

We have to find the chance of combination 
between the molccuh's of A and A'. To do this 
Clausius assumes tliattwo ‘ molecules * will com- 
bi no when their centres approach to a distance 
smaller than 21 whore I is called the ‘ radius of 
chemical activity ’ of each molecule. The mole- 
cules of both gases arc supposed to bo in motion 
in accordance with the well-known laws of the 
kinetic theory, the whole of which as far as 
principles go is hero assumed. Instead of ex- 
plicitly considering the velocities of both sys- 
tems, Clausius shows that matters are simplified 
if wo consider the molecules of A at rest, and 
the molecules of A' endowed with a velocity of 

tt = V + -- if and « = t)' + A — if u'N v ; 

V and v' being the velocities of mean square of 
the two systems. The probability of a molecule 
of A' ‘penetrating the sphere of action’ of a 
molecule of A during its passage between two 
pianos perpendicular to one another, and at a 
small distance H apart, ia found by Clausius to 

bo ^S. During a time dt, however, a molecule 

of A' will go over a space udt with respect to the 
molecules of A supposed to be at rest. The 
chance of combination during this time is there- 
fore or substituting for 

Therefore, the number of molecules -<iN — <fN' 
combined in time dt is - NN'TrZ^wdi. 

Lot dy be the number of molecules of the 
compound formed in time dt, then we have 

ttZ-'wNN' 

dt • 

OT collecting constants, remembering that * M * is 
a function of the temperature only, 

- km' 

dt 


w/ 

which we got before. But we know that this 
formula is only approximate, and therefore we 
may as well admit at once that the theory is 
insufficient. At best, however, the idea of a 
‘ radius of chemical affinity * is only a dia- 
grammatic way of regarding the process of com- 
bination. If wo consider the action of tempe- 
rature and pressure *the case is BtUl worse, 
for in default of any information at all we are 
obliged to regard the radius of chemical activity 
as remaining constant when the temperature 
changes. This, of course, again leads to incor- 
rect results, and, therefore, I is supposed to vary 
in a manner to satisfy the experiments, leaving 
us exactly where we were before. Again, taking 
Lemoine’s form of expression involving the con- 
stant i8, we find that to account for the behaviour 
of hydriodic acid the ‘ constant ’ has to be made 
to vary ; thus, at a temperature of 360° it has a 
value assigned to it of *8, and at 440° it is re- 
duced to *^53 or -6 as seems most convenient. 
Other people (Guldberg a. Waage for instance) 
avoid the difficulty by putting several flpn stants 
in to begin with. We may also note »jtollow- 
ing hints which are given us by the kinTOo theory 
of gases, and which do not involve any special 
theory of the mechanism of chemical combina- 
tion. Change of combination-phenomena with 
change of pressure ought to be slow, since themean 
distances of the molecules vary inversely as the 
cube root of the pressure. Since the kinetic 
theory gives a tolerably reasonable account of 
the mechanical meaning of rise of temperature, 
any information as to what chemical combina- 
tion really is will most likely be drawn from a 
study of the dependence of chemical action on 
the temperature. 

The action of pressure and temperature has 
been investigated by Clausius, but here again 
special assumptionii are made. 

Guldberg and Waage’s theory of dissocu- 
TioN is sufficiently indicated in the articles Affi- 
nity and Chemical change (vol. i. ; u. especially 
pp. 70, 73, 737, 746 ; v. al§o Equilibrium, chb. 
mical). 

Theories based on thermodynamic con- 
siderations.— Certain very important ideas ap- 
pear to have been put forward by Clausius in hlw 
discussion of the term ‘ Disgregation.’ We shall 
have to consider them when we come to the 
formal theory of Horstmaim. At present it will 
be more convenient to take a very simple case, 
which seems first to have been deduced at some 
length from Clausius’ results by Peslin (i4. Oh, 
1871). 

Peslin considers the case of carbonate of lime 
and its decomposition by heat. According to 
Debray the changes which take place are per- 
fectly reversible, and Peslin applies the general 
equation of Clausius lor reversible Byatems to 
this particular case. For information of this 
general kind v. Clausius’ Mechanical Theory 
of Heat (translated by W. R. Brown), and Max- 
well’s Theory of Heak 

• Assuming the reversibility of the reaction in 
question (on which point v, stipm), we may 
consider a reversible engine driven by the pas-' 
sage of heat from a mixture of oarbonio acid, 
carbonate of lime, and lime, in a hot vessel, to 
the same mixture contained in a vessel at » 
lower temperature* 
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Let T be the absolate temperature of the 
hot vessel 

Let T-€ be the absolate temperature of the 
eold vessel. 

Let tt be tbe volume occupied by unit weight 
of calcium carbonate before dissociation ; u' the 
volume occupied bf tbe aame weight after dis- 
sociation. 

Let L be the 'latent heat’ of dissociation, 
which in this case is positive ; p is the maximum 
pressure of dissociation at the high temperature; 
J is the mechanical equivalent of heat. 

Then tt'-u is the volume developed by the 
motion of the piston of the machine during 
the dissociation of unit weight of substance, and 

is the difference of pressure on opposite 
sides of the piston. 

The work done, therefore, during this pas- 
sage is ^ 

(.■-.I*., 


I Now we mav get all these values from ex. 
j penment, and therefore choose one to calculate 
say L ; and then compare with experiment.* 
. Peslin, however, uses a rougher method by con-’ 
! sidering the engine worked with steam, and 

I faking the expression 1 - as the same for both 

water and steam on the one hand, and carbonate 
of lime and the products of its decomposition on 
the other. Regnault’s value for L for water at 
G9'l° is 668-2 cal., and the comparison will be 
made at such temperatures that 69-1 is the mean 
of T, = 48-4, and T 2 = 89*8, corresponding to the 
vapour pressures P', = 85 mm. and 620 mm. 
This gives for the latent heat of dissociation 
of carbonic acid, if.A^ is the density of steam 
corresponding to 5^, 

f 1 . _ 1 ] 

. A. 1 + o^, 1 + aL I 

L = 66825 ; -y 1 . 

ll + ai; l + aT.J 


By Oamot’s principle the heat transformed 
into work is 

therefore the equation of heat transformation is 






whence L = - «)&. 

J (it 


Now 


where a is the coefQoient of expansion, and this 
will be nearly that of a perfect gas, and 8^ is 
tbe density of the carbonio acid of dissociation 
reduced to 0° and pressure p^. Substituting 
this value for u' — u and rearranging, we have 



f ait 1 


Now -i is constant : is nearly so, 

tt' 


gnfflciently nearly for our present purpose 
where we do not intend to deal with any very 
great range of temperature. In fact between 
* 1040® and 860° the expression does not change 
in value more than *2 per cent. 

If tbe engine works from a pressure F, to a 
pressure Pi we have 



where Tj and Ti correspond to P, and P, re- 
,Q)ectivoly. 

^ Solving this equation 


Putting in values, L = CCG'7 ; finally comparing 
this with the value deduced from Favre and 
Silbermann’s results, we find that it is 6 p.c. 
smaller than it ought to bo. Considering the 
assumptions made as to the applicability of 
Boyle’s law, Ac., this is at least as good as one 
can expect, and may be taken as some evi- 
dence that the dissociation process in question is 
really a reversible operation. This example has 
been dwelt on at more length than it intrinsically 
deserves, because it affords a very instructive ex- 
ample of the methods pursued in theories based 
on thermodynamic considerations. We pass 
on to 

Horbtminn’b thkouy {A, 170).— Clausius has 
thrown Thomson’s views on the degradation 
of energy into the following form : ‘ The entropy 
of a system will always tend towards a maxi- 
mum defined by the other conditions j,o which 
the system is exposed.’ 

There is no reason why this should not 
apply to systems undergoing dissociation. 
During dissociation some of the changes tend 
to increase, and some to diminish, the entropy of 
the system ; according to the theory, equilibrium 
will be attained when the entropy has arrived 
at its maximum value, i.e, when its variation 
vanishes. Clausius has introduced the term 
* disgregation of a system,’ and defines it as a 
quantity depending on the arrangement of the 
parts of a system, in so far as it is the value of 
the entropy for the state of the system which it 
thus defines. 

‘ Let X be the proportion of a body expressed 
in molecular weights wihich decomposes or com- 
bines with another.’ This quantity x may then 
be regarded as a measure of the degree of disso- 
ciation. All the other quantities which vary 
during dissociation may then be regarded as 
functions of x. Horstmann’s condition of equi- 


librium is thus 


dx 


0 where 8 is the entropy. 


Let Q be the quantity of heat which is concerned 
in the dissociation of an amount of the body 
equal to the formula weight expressed in grams ; 
then Q, for instance in the case of hydrochloric 
acid, would be the heat required to dissociate 
36-6 grams. To produce the reaction in ques- 
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tion we should require Qx units of heat. If T | 
IB the absolute temperature, and Z the disgrega- 
tion of the system, we have 

«=^+z 

and the condition of equilibrium is found by 
differentiation of 

dx TV / dx 

As an example, wo may apply this equation 
to the special case of a body decomposing into 
two others. Let there he one equivalent at the 
beginning of the process, and suppose there re- 
mains undecomposed at the instant considered a 
quantity x, then the rflsult is to give r molecules 
of one and s of the other, and lot m be the weight 
of one of the substances in excess; then the 
three bodies in presence are : — 

X 

r{l-x) + m 

s{l — z). 

If z„z,,z , are the disgregations correspond- 
ing to one equivalent of each of the three states, 
we have 

Z=-xZ, + [r(l-x) -t m]Z^q-s(l-x)Z3. 

Suppose further that the system is one like 
carbonate of lime where one of the products is 
solid and one gaseous ; then Z, and Z., are inde- 
pendent of X, and Z3 depends only on the volume 
available. If u is the volume of one equivalent 
of the gas generated, Clausius gives 

Z3 = Z'3 + ABlog^^ 

where Z'j is the disgregation corresponding to 
the same mass of gas reduced to standard con- 
ditions, i,e. to a volume u^. R is the well-known 
constant used by Clausius to express the gaseous 


laws, i.e.-?^?wherea=a‘273; and Ais Joule’sequi- 
a 

valent. If ji; is the pressure of the gas we hav<i 

Q in this case consists of two parts, of the heat 
taken up in producing the chemical change, and 
Q~q required to do external wotk, in this case 
to the extent kpu or ART. 

The equation of equilibrium therefore reduces 

to ® -ArW^ -hC = 0, 

T 7/0 

where 0 = Z, — rZ^-sZ,„ the change of disgrega- 
tion which would take place if the gas had the 
volume Uq ; this therefore is independent of x ; 
u only varies as the action proceeds, and the 
equation therefore expresses the fact that the 
pressure must be determinate for the condition 
of equilibrium. 

The method has been applied by Horstmann 
to calculate the pressures produced by the disso- 
ciation of amylene bromide and •phosphorus 
pontaohloride. 

Phosphorus pentacliloride . — The agreement 
is fairly satisfactory, as may be seen by the fol- 
lowing curves (fig. 17) which are given by the 
theory; the points correspond to observations, 
two of which are used to calculate each curve. 

Lemoine has calculated thb values of x by an 
appropriate modification of the above equation 
for hydriodic acid, and finds that the agreement 
is within 6 p.c. 

It may be noticed about this theory that if 
the quantity of heat absorbed or given out during 


the reaction was zero, the limit would be inde- 
pendent of the temperature ; this actually occurs 
very nearly in oases of etherification, and the 
conclusion coincides with experimental results. 

A difficulty is that dissociation, according 
to the theory, would go on to absolute zero, 
while as a matter of fact it is generally supposed 
only to begin at a certain point. As to this it 
may be said that below a certain point the dis- 
sociation has hitherto avoided detection. 

The influence of an excess of one constituent 
is extremely well and concordantly brought out 
by the theory. The influence of the pressure 
will be zero as far as the limit is concerned if 
no condensation or expansion occurs; as for 
instance in the dissociation of hydriodic acid. 



No information is given by the theory as to the 
progress of tho reaction, i.e, we get no informa- 
tion from it as to velocity. 

Theory of GiPus {Am. 8 . 18). — This theory 
has many points of resemblance with that of 
Horstmann, as will be seen by the foUowing 
statement of the principles 

1 . For the equilibrium of an isolated system 
it is necessary and sufficient that in all the pos- 
sible variations of tho state of the system, the 
energy being maintained constant, the variation 
of the entropy shall be zero or negative. 

2. Similarly, if the entropy bo constant the 
variation of energy must be zero or positive if 
equilibrium is to be pr^erved. 

, Applying these principles to a mixture of 
gases obeying Boyle’s law, Ac., we have for the 
energy of the mixture 

• M,(0,f-hE,)-f-M5(03f+Ej)-l- 

M, and M, are the masses of the different gases. 
C, and Oj are the sp. heats at constant volume. 
E, and E, are other constants, and t is the ab- 
solute temperature. 
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Similarly the entropy is given by 
Mi(n, + C, logoi - a, log y 

M2(H2 + 02loge t — Ctolog ^ 




..etc. 


Where V is the volume, JI,, A,, Ho, Ao are con- 
stants depending on the nature of the gas such 
that a^ and a, are inversely proportional to the 
densities. 

Gibbs assumes that these equations will also 
apply to a system of gases in which chemical 
change takes place. If we consider a system in 
which the energy does not vary, and in which 
the entropy has its maximum value, then we 
have one case where equilibrium is established 
according to the principles laid down. The con- 
fiition for maximum entropy comes to be the 
condition that no variation of entropy shall occur 
when the energy and volume are constants ; 
these two conditions together will give the fol- 
lowing : — 

(H|— ct| — C, — + C,logf — rt,log 

+ + C,log( - n.log ^Sdin, 

+ &c. = 0. 

This equation leads to the result that when 
the gaseous compound is capable of being formed 

Nvithout condensation, the limit of dissociation will 

be independent of the pressure. In other cases 
the dissociation will be a function both of tem- 
perature and pressure. Comparisons with ex- 
periment in the two cases (hydriodic acid and 
methyl ether and hydrochloric acid) show that 
the experimental and calculated results agree 
very well. A comparison with nitrogen te- 
troxide, formic acid, acetic acid, and phospho- 
rus chloride vapour, has been made by Gibbs ; 
as an example of the agreement of theory and 
experiment, we give the following table referring 
to phosphorus pentachloride 




]3on-ity 1 


Tcrape- 

ratore 

Pres- 

sure 

Calcu- 

lated 

Ob- ' 
served 

Authors of the 

t\-,)eiliiT iits 

e 

336 

mm. 

760 

3 610 

3-650 

C.ihours 

327 

754 

8-614 

3-656 


300 

7C5 

3-637 

3-654 

„ 

289 

760? 

3-606 

3-69 

„ 

288 

763 

8-659 

3-67 


274 

755 

3-701 

3-84 


260 

751 

8-862 

3-991 


230 

746 

4-169 

4-302 


222 

753 

4-344 

4-85 

Mit='f’]i('rlich 

208 

760? 

4-752 

4-73 

C.il lours 

200 

758 

5*018 

4-851 

„ 

190 

758 

6*368 

4-987 


178-8 

227*2 

6*063 

6-150 

Troo-t 0 . JI.iutelLuil’e 

175*8 

253*7 

6*223 

6*235 

„ 

107*0 

221*8 

8*466 

6*415 


154*7 

221 

6-926 

6-619 

K 

150*1 

225 

6*088 

6-886 

ft 

148*6 

244 

6*199 

6-964 

„ 

145 

391 

6*46 

655 

Wurtz 

145 

311 

6*37 


„ 

145 

307 

6*36 

6-33 

Troost a. llautcfeuhle 

144*7 

247 

6*2S7 

6-14 

137 

281 

6*53 

6*48 

Wurtz 

137 

209 

6*61 

6*54 

„ 

137 

243 

6-48 

0*46 

^ * 

137 

234 

6*47 

6*42 


137 

148 

6-31 

6*47 

t* 

120 

191 

6*59 

6*18 

n 

129 

170 

6*56 

0*63 

» 

129 

165 

6-66 

6*31 



E. and L. Natanson have discussed the theory 
in their paper on nitrogen tetroxido (TT. A. April 
188()). 

If the thermal changes accompanying disso- 
ciation are sjnall, then the theory indicates that 
the change of dissociation with temperature will 
bo slow. No account is taken either in this 
theory or in the theory of Horstmann of the 
supposed thermal change requisite before disso- 
ciation begins ; both theories would point to the 
occurrence of dissociation down to absolute zero. 

Again these theories are not in any ^ sense 
molecular. Entropy is a quantity referring to 
the changes of heat into ^vork and viceversd, 
and a molecular theory to, be satisfactory must 
obliterate the distinction between heat and 
kinetic or potential energy. 

Theory of J. J. Thomson (P. M. [5] 15, 4‘27 ; 
17, 233). -In this theory the views of Clausius 
a. Williamson as to chemical combination are 
expressed in terms of the vortex-ring theory of 
matter. The principles and methods adopted, 
however, arc applicable to any theory of matter, 
provided only that it involves the principle of 
discontinuity. The advantages of this theory 
are that, while it is as general in its application 
as the tlieorios of Horstmann and Gibbs, it 
affords a definitely mceliaMical view of the mo- 
ohanism by which an e(iuilibiium maybe brought 
about. As has been pointed out several times, 
any theory based on the kinetic theory of gases 
' is open to the same objection as that theory 
' itself, viz. that even supposing it were brought 
, into harmony with every conceivable experiment, 
wc should really be no further advanced in real 
’ knowledge than we are at present, since the 
1 assumptions on which it is based tliemsolves 
require explanation. Tlio vortex-ring theory, 

I however, docs not involve such assumption j its 
' premises arc merely those of dynamics, and any- 
thing we get from it is a real gain since it 
cannot be twisted about to save appe^^ranccs. 

The account of the theory as given by Thom- 
son is so exceedingly terse that it cannot well 
be abstracted, and we therefore refer the student 
to the original papers. 

In the article EQUiLinniuM, chemical, will 
be found a treatment of dissociation-processes as 
spccial^ases of chemical equilibrium. 
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0. B. 1873 (Phosphorus) ; Ann. de V6coU 
$up4rieure, 1873, C. E. 1868 (Cyanogen 
and cyanic acid); G. E, 1874, A. Ch. 
1874 (Metallic hydrides) ; C. E. 1871 a. 
1877 (Formation of compounds at high 
temperatures); C. 1876 (Phosphorus 
pentachloride). 

Tboobt, C. E. 1878 (Acetic acid) ; C. E. 1880 
(Iodine); C.R.1877-1879 (Chloral hydrate); 
A. Ch. 1878 a. 1881 (Chloral hydrate). 

73. Urbain, 0. E. 1876 (Alkaline bicarbonates). 

74. Van dbr Waals, On the Continuity of the 

Liquid and Qaseous States. 

75. Van ’t Hoff, B. 1877 (Theory). 

76. ViEiLLB, c. E. 1882, 1883 et seq. (Explosive 

pressures and dissociation). 

77. VicAiRB, C. E. 1868, A. Ch. 1870 (Theory). 

78. Waaob, V. Guldbero. 

79. Wankltn (with Playfair, v. Playfair) ; 
with Bobinson, 0. JR. 66 (Sulphuric acM vapour 

and phosphorus pentachloride). 

80. Weinhold, P. 149, J. 1879 (Carbonate of 

lime). 

81. Wiedemann, G. E. 1878 (Dissociation of 

salts) ; P. 1874 (Jubelband), J. pr. [2J 9, 
(Hydrated salts) ; 

with Schulze, W. 6 (Chloral hydrate). 

82. Williamson, C. J. 4, P. M. [3] 37 (Chemical 

theory). 

83. WuRTZ, C. E. 1866 a. 1877 (Amylene brom- 

ide) ; 0. E. 76, Bl. 1873 (Phosphorus 
pentachloride) ; Lemons SociiU chiiniquet 
1863, French Association, 1873 (Am- 
monium chloride); C. E. 1877-1879 
(Chloral hydrate). 

BISTILLATIOK. The conversion of a sub- 
fiance into vapour, and the condensation of the 
vapour into a liquid by cooling in another part 
of the apparatus, is called distillation. If the 
vapour is condensed to a solid the process is 
called sublimation. The object of conducting 
a distillation is usually to separate one body 
from another which vapourises at a higher 
temperature than the first. The name /rac- 
iioriai distillation is often given to the process 
of separating two or more liquids by taking ad- 
vantage of differences in their boiling points. 
When a solid body is decomposed by heat, and 
the products, or some of them, are condensed to 
the liquid form and collected, the process is 
called dry, or destructive, distillation ; for in- 
stance, when coal is strongly heated in a closed 
vessel, ammonia, various gaseous hydrocarbons, 
many liquid and solid hydrocarbons, phenol, and 
many other compounds, are produced. 

The essential parts of all apparatus for dis- 
tillation are (1) a vessel in which the substance 
is heated, (2) a means for cooling the products 
formed by heat, and (3) a receiver to retain the 
condensed product or products. The ordinary 
form of distillation-apparatus is a fiask con- 
nected with a tube, which passes inside a wider 
tube through which a stream of cold water oir-<> 
culates; a small flask or other suitable vessel is 
used as a receiver. Various devices are em- 
ployed in fractional distillation to insure as com- 
plete a separation as possible of the more vola- 
tile from the less volatile portion of the liquid 
distilled. 

JRs/erences.— The history of distillation is 


fully treated in Kopp’s BeitrUge der Oeschiehts 
der Chemie, Stuck i. 217 et seq.; v. also E. 
Wiedemann, Zeitschr. der deutschen Morgen- 
Idndischen Qesellschaft, 32, 676. Various forms 
o| apparatus for fractional distillation are de- 
scribed by Konowalow, B. 17, 1631 ; Wurtz, A. 
93, 108 ; Glinsky, A. 176, 381 ; Linncmann, 
A. Ch. [8] 42, 131 ; Le Bel a. Henninger, B. 7, 
1084 ; Hempel, Fr. 20, 602 ; Kreis, A. 224, 269. 
Papers on the theory of fractional distillation, 
with experimental results, will bo found in C.J. 
35, 544 (Thorpe), and 647 (Brown). 

M. M. P. M. 

DITA BARK. Dita, th^ bark of Fchitet 
scholaris, a tree growing in the Philippine 
Islands, contains ditaine, accompanied by two 
other alkaloids, ditumine and echitenine, and by 
several indifferent substances echicuoutchin, 
echicerin, echitin, echitem, and echiretin 
(Gorup-Besanez, A. 176, 88 ; Jobst a. Hesse, A. 
176, 326; 178,49; 203, 144; 11, 1646; B. 13, 
1841 ; Harnack a. Merck, B. 11, 2001 ; 13, 1048). 
It is used as a febrifuge. 

Ditaine Echitamine. [206°]. 

Wd “ - 28-8° in a 2 p.c. solution in 97 p.c. alcohol. 

Preparation.—Dita, bark is boiled with hot 
alcohol, the extract evaporated, and the residue 
treated with dilute NHj and shaken out with 
ether. The ether dissolves ditamine ; the residue 
is treated with solid KOH and extracted with 
CHClj. The extract is evaporated and treated 
with cone. HClAq ; ditaine hydrochloride sepa- 
rates while echitenine remains in solution. 

Properties. — Vitreous prisms (containing 
4aq). M. sol. water, CHClj, and ether, v. sol. 
alcohol, V. si. sol. benzene, insol. ligroin. 
Strongly alkaline, except after removal of all 
water of crystallisation. Cone. H^S04 dissolves 
it with purple-red colour ; HNOj, gives a purple- 
red becoming green. Decomposes NaCl, setting 
NaOH free. Not ppd. from its salts by NH,. 
After boiling with dilute HCl its solution re- 
duces Fehling’s solution. On evaporating an 
aqueous solution of ditaine atmospheric oxi- 
dation takes place with formation of ‘oxydi- 
taine.’ 

Salts.— B'HCl ; crystalline, sol. water, si. 
sol. HClAq and solutions of metallic chlorides, 
[ojo = —67°. — B'jH^PtCla 3aq : yellow flocculent 
pp.— B'HBr: prisms.— B'HI.—B'H^COj l^aq : 
prisms or crystalline powder. — Sulphate; 
needles.— Picrate: golden flocculent pp. — 
Tannate: white flocculent pp.— B'.^HjiOg04: 
powder, si. sol. alcohol, v. e. sol. water. 

Ditamine CigHjaNOj. [75°]. Occurs in dita 
bark to the extent of *04 p.c. Obtained as 
above. Ammonia ppt^. it from its solution in 
dilute acids ab amorphous flocculm. V. sol. 
alcohol, ether, benzene, and CHCl,.— B'jHjPtCl,: 
pale golden flocculent pp. 

Echitenine CijoHg,N04. [above 120°]. Ex- 
tracted from dita bark as above; the solution 
of its hydrochloride is ppd. by HgOlj, the pp. 
decomposed by HjS, ,,KOH added, and the base 
extracted with chloroform. Brownish, very 
bitter powder. Y. sol. alcohol, si. sol. water 
chloroform, and ether, v. si. sol. ligroin. Alka- 
line to litmus. Its solutions in cone. H3SO4 
and HNO, are violet. Its salts are amor- 
phous. B'^HjPtCl* : golden flocculent pp,— 
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Binhau, Joum, de VInsiitut, 1848, A. Ch. 
[8] 49 (Vapour densities of sulphur and 
solenion) ; G. R. 1844, A. Ch. 1840 (Acetio 
acid) ; A. Ch. 1838 (Ammonia and car- 
bonio acid) ; A. Ch. 1838 (Ammonium 
sulphide (NH 4 ),jS). 

6. Bibnbaum (a. Mahn), Bl, 1880 (Carbonate of 

lime). 

7 . Boausiii, B. 1876, 1877 (Velocity of action of 

acids on marble, &c.). 

3. Boltzmann, W, 22, 1884 (Thermodynamical 
theory). 

9. Brodie, Calculus of Chemical Operations. 

10. Bunsen, P. 131^A. [2] 9 (Explosions, Ac.). 

11. CAnouBS, C. B. 1844 a. 1856 (Acetic acid) ; 

A. Ch. [3] 20, C. R.' 21, 28 (Phosphorus 
pentachloride). 

12. Cailletet, C. B. 18GG, Bl. 18GG (Furnace 

gases). 

13. Clausius, P.105, Abhandlungen Sammlung. 

vol. ii. (Kinetic theory of gases) ; Mechani- 
cal Theory of Heat. 

14. Craffts, C. B. 1880, Bl. 1880 (Iodine 

vapour). 

with Mf.ieu, ]}l. 1880, C. R. 1880 a. 1881 (Iodine 
vapour) ; 

15. Debray, G. R. 1867 (Carbonate of lime) ; 

C. B. 18G8 (Hydrated salts) ; C. B. 1873 
(Oxide of mercury and phosphorus penta- 
chloride) ; 0. B. 1876 (Calomel). 

16. Deville, Legons fails d la socieU chimigue 

de Paris, 18G4, C.R. 1877 (Vapour densi- 
ties) ; C. B. 1862, 1863, and 1884 (Phos- 
phorus pentachloride) ; 
with Derray, C. B. 1878 (Oxide of iridium) ; 

„ Troost, a. Ch. 1860 (Sulphur) ; C. R. 1863 
(Ammonium sulphide) ; C. R. 1867 a. 1878 
'Nitrogen tetroxide) ; C. B. 1879 a. 1880 
(Chloral hydrate). 

17 . Didbits, J. 1874 (Alkaline bicarbonates). 

18. Drr^, G. R. 1872 (Hydrogen selenide). 

19. Dixon, T. 1884 (Chemical change in gases). 
30. Duhem, J. de Ph. 1886 (Application of 

Gibbs’ theory). 

21. Dumas, A. Ch. 1834 (Chloral hydrate). 

22. Engel (with Moitessier), C. R. 1879 (Am- 

monium sulphide) ; C. R. 1878-1879, 1880 
(Chloral hydrate). 

23. Favre, C. B. 1868, 1876, 1878 (Influence of 

porous bodies) ; 

with Valson, G. B. 1872 (Chrome alum). 

24. Frankland, T. 1861, C. R. 1868 (Luminosity 

of flames). 

26. Frbmy, V. Bkoquerel. 

26. Friedel, Bl. 1876 (Oxide of methyl and 

hydrochloric acid). 

27. Gay-Lussao, a. Ch. 63 (Carbonate of lime). 

28. Gautier, C. B. 1876 (Alkalinewbicarbonates). 

29. Gernee, C. R. 1867 (Alkaline bicarbonates). 

30. Gibbs, Am. S. 1879 (Theory). 

31. Gladstone (with Tribe), Pr. 19, C. J. 6 

(Velocity of reactions, Ac.). 

82. Grove, T. 1847. 

88. Guldbero a. Waaob, Etudes sur les affinitAs 
ehimiques (publish^ by Brogger and 
Christie, Christiania, 1867) ; J. pr. 1879 
(Theory). 

84. Haroourt a. Ebson, T. 1866 (Theory, Ac.). 
86. BHuteibuillb a. Chappuis, C. R, 1880 
(Ozoneh For other papers v. Troost, 

86. Hiitorf, P. 126 (Phosphorus). 


37. HoRspiANN, A. 155, Bl. 1870, 1878 (Acetic 

acid); A. 1877 (Ammonia and carbonic 
acid. Theory); A. 1863 (supplement), Bl. 
1869 (Ammonium sulphide) ; A . 1873, 

1877 (Theory). 

38. IsAMBERT, C.R. Iii78 (Dissociation of chlorine 

compounds, Ac.). 

89. JouLiN, A. Ch. 1873 (Carbonates of silver 
and manganese) ; A. Ch. 1881, C. R. 1880 
(Porous bodies). 

40. Lecoq de Boishauduan, C. R. 1874, 1875 

(Chrome alum). 

41. Lemoine, Etudes sur les iquilibres ehimiques, 

1881 (published by Dunod, 49 Quai dcs 
Augustins) ; A. Ch. 1871 (Phosphorus, 
Theory) ; 0. R. 1875 a. 1877, A. Ch. 1877 
(Hydriodio acid) ; A. Ch. 1872 (Theory). 

42. Lieben, Bl. 1865 (Vapour densities) ; C. B, 

1879 (Iodine vapour). 

43. LockIer, G. R. 1873, N. 1870 et seq. (Disso- 

ciation). 

41. Mahn, V . Birnbaum. 

45. Marignao, bl 1867 (Ammonium chloride). 

46. Mascart, Revue scientifique, 1873 (Vapour 

densities). 

47. Meier, v. Craffts, 

48. Meyer (Victor), B. 1879 a. 1880 (Vapour 

densities). 

49. Myers, C. R. 1873 (Oxide of mercury) ; A. 

1871 (Hydrogen sulphide). 

60. Miohaelis, a. 170 (Sulphur chlorides). 

51. Mitscherlich, P. 1833 (Nitrogen tetroxide). 
62. Moitessier (a. Engel), C. R. 1878, 1879, 

1880 (Ammonium sulphide and chloral 
hydrate). 

53. Montier, A. Ch. 1874, C.R. 1871,1873, 1874 

(Theory). 

54. Muller, A. 1862 (Nitrogen tetroxide). 

65. Muib a. Wilson, Elements of Thermal 
Cnemistry. 

56 . Natanson (E. a. L.), TF. 1886 (Nitrogen 

tetroxide, and discussion of theory). 

57. Naumann, Grundriss def Thcrmochemie, 1869, 

B. 1874 (Hydrated cupric sulphate) ; B. 

1878 (Nitrogen tetroxide) ; A . 1871 (Am- 
monia and carbonic acid) ; B. 1876, 1879 
(Chloral hydrate). 

53. OsTWALD, J.pr. 16 (Theory). Also Lehrbuch 
der Allgemeinen Chemie. 

59. Pedal, A. Ch. [3] 67 (Ammonium chloride). 

60. Peslin, a. Ch. 1871 (Theory), 

61. Pfaundler, P. 182 {Jubelband), 131, B. 

1876 (Theory). 

62. Playfair a. Wanklyn, Pr. E. 4 (Nitrogen 

tetroxide and acetio acid). 

C2a. Ramsay a. Young, T. 1886, 1887 ; P. M. 
1887 ; G. J. 1886. 

63. Raoult, 0. B. 1881 (Carbonate of lime). 

64. Robinson, v. Wanklyn. 

65. Rose, P. 1839 (Ammonia and carbonic acid). 

66. Salet, C. R. 1868 (Nitrogen tetroxide). 

67. Sohloessino, C. fi. 1872 (Bioar bonates of 

calcium and barium). 

o8. Th^nard, C. R. 1872 (Discharge in gases). 

69. Thomsen, P. 1869, B. 1877 (Acids and bases), 

70. Thomson, J. J., P. M. [6] 15, 17 (Chemical 

combination in gases| ; 
a. Threlfall, Pr. 1886 (Nitrogen). 

71. Tribe, v. Gladstone. 

72. Troost a. Hautrfeuillb, Ann . adenHAques 

da Vicole nortmU ^ 1873, A . Oh *1874, 
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OOOEOTIENE OLTCOL % 
DODECYLIDEITE v. Dodsoznene. ' 
EOEOIJC ACID C„Hs,0^ The eljief acid 
produced by fhe saponification otthe traiw^oil 
obtained from the bottle-nosed whale found near 
the Faroe lales (Scharling, J.prA^, 257). Soli- 
difies a little above 0°.— -EtA'. 

n-DO-ICOBANEOjjH^. [46°]. (225°) at 16 mm. 
S.G. *755 ; .742. Formed by reduction of 

the dichloride of the ketone obtained by distilling 
a mixture of barium palmitate and heptoate 
(Krafft, j5. 16, 1718 ; 21, 2266). Present also in 
paraffin derived from bituminous shale by dis- 
tillation. 

DOTEIACONTANE v. Dicettl. 

DOUBLE SALTS. By a salt was meant in 
the early days of chemistry a solid substance 
e. sol. water and re-obtainable by evaporating 
its aqueous solution. When the composition 
and modes of formation of bodies with these 
properties came to be examined, it 1ms found 
that many of them were formed by the inter- 
action of an acid with an alkali, and were com- 
posed of Ihe elements of the acid and the alkali. 
Hence the study of salts carried with it the 
study of acids and alkalis. Acids and alkalis 
were at first described as compounds with certain 
characteristic properties, rather physical than 
chemical (v. Acids and Alkalis); the more 
accurate study of these bodies showed that all 
acids are composed of hydpgen combined with 
a strongly negative element or elements, and 
that all alkalis are compounds of markedly 
positive metals with hydrogen and oxygen. By 


Comp^sUton of salt 
> regarded as ' 

Q .. {!) dcrivatm of an (2) compound of 

acid. two radicles* 

KNO, K.NO, (acid » HNO.) K,0.N,0, , 

(-2KNOj 

K^SO, K2.SO, (acid = H,SO,) K,O.SO, 

KHSO, K.HS04(aoid = H,SO,) K,0.2S0,.H,0 

(-2KHSO4) 

AIPO4 Al.P04(acid=H3P04) AIA-PA 

( = 2A1P04). 

There are many salts which cannot well be 
formulated as derived from acids by replacing 
hydrogen by a metal, but rather as compounds 
of such salts with the oxide, or hydroxide, of 
the replacing metal: As instances of these basic 
salts may be mentioned Bi(N0g),.Bi20j and 
PbC^HaOa.PbiOH)^. Such salts may, however, 
be formulated as compounds of two radicles, 
one negative and the other positive; thus 
3Bi20,.3N A = 2[Bi(N03),.Bi.,0,l, 
2PbO.C.AO-H20 = PbC 2 H 30 ,;.Pb( 0 H) 2 . 

Some salts are composed of two metals com- 
bined with an acidic radicle or radicles ; so far 
as composition is concerned these double salts 
may be regarded either as derived from an acid 
or from two acids, by exchanging hydrogen for 
two metals, or as composed of two positive 
radicles combined with a negative, or with two 
negative, radicles. They may also be formulated 
as compounds of two salts. The following ex- 
amples will illustrate these conceptions of 
double salts : — 


Double salt. 


Composition of salt when regarded as 
I. ner^ati^eof ocUoracU,. <>/ 


Al2K2S40,e AI2K2.4SO4 (acid = H2S04) AI..OS.K2O.4SO, 

MgNa^CjO, MgNa 2 . 2 C 03 (acid = H2CO,) Mg0.Na20,2C0, 

Cd(NH4)4Cl, Cd(NH4)4.6Cl (aoid^HCl) Cd.4NH4.6Cl 

HgjCaCyjClj Hg2Ca.Cy2Cl2 (acids »HCy and HCl) Hg2.Ca.Cl2Cy, 

HgAgCyjNO, HgAg.CyaNO, (acids = HCy and HNO,) Hg.Ag.CyjNO, 

To this class of double salts also belong compounds composed of a single metal combined with 
two acidic or negative radicles, thus : — 

Hg2l2S04 Hg2.l2S04 (acids = H2SO4 and HI) Hg2.l2804 Hgl2.ngS04. 


Al2(S04),.K2S04. 

MgCO,.Na2CO,. 

CdCl2.4NH4Cl. 

HgCy^CaCl,. 

HgCy2.AgN03. 


the interaction of an acid and an alkali a salt 
is formed ; the salt is not characterised by the 
properties either of the acid or the alkali ; the 
salt is composed of the metal of the alkali com- 
bined with the more negative part of the acid. 
Then it was found that salts could be formed in 
other ways than by the interaction of acid and 
alkali ; but, however formed, the salt is a com- 
pound of a positive element (a metal) with a 
negative element or group of elements. 

A salt may, then, be described either as a 
derivative of an acid obtained by exchanging 
the whole or a portion of the hydrogen of the acid 
for metal, or as a compound of two radicles, one 
positive and the other negative. If ^e latter form 
of description is adopted, ^e positive radicle of 
the salt may generally be regarded either as 'a 
metal or as a group composed of a metal and 
non-metal, the non-metal being usually oxygen, 
and the negative radicle may be regarded as 
either a non-metal or a group composed of 
negative elements. The following formul® 
represo^^^^ composition of some si^ts; — 


The most generally applicable way of looking 
at double salts, when attention is paid solely to 
composition, is evidently to regard them as com- 
posed of two salts. All double salts will thus 
be brought within the general formula aM.j/N, 
where M is one salt and N another. But if the 
constitution of the double salts is to be under- 
stood, and the salts are to be classified, attention 
must be paid not only to their composition but 
also to their properties. Some double salts in- 
teract with various reagents as chemical wholes ; 
thus the body FeCy2.4KCy reacts with acids to 
give the acid H4FeCy, and a salt of K ; so also 
it reacts with many metallic salts in solution to 
give pps. of the composition M^4FeCy, or 
M“2^’e0y„ where M* is a monovalent, and M“ a 
divalent, metal. The double salt in ^question is 
therefore regarded tas the E salt o*f the acid 
H4FeCy4, and its formula is written K4FeCy8, a 
formula which is strictly conformable with 
Fed,, Fe(NO.,)i, Fo2(S04)„ttnd other formuliB of 
simple salts. Other double salts interact with 
various reagents as if the^ were composed gf two 
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Bhnple salts; tlius, igCylKCy reads acids ! 
to vptoduoo HCy, a salt ot Ag, and a salt ot K. i 
Otbei double salts icaot witli some reagents in ' 
one way, and with others in another way ; for ' 
instance, HgOy 2 . 2 KCy ia decomposed by acids 
with evolution of HCy, but an aqueous solution ' 
of this double salt reacts with lead or zinc salts 
to form a pp. of HgCjo-PbCya or HgCya-ZnCya, 
respectively. In the latter changes the double 
salt HgCy 2 . 2 KCy reacts as if it were K.HgCy,. 

A slight extension of the application of the 
ooncejition of compound radicles is probably 
sufficient to bring the double salts within the 
generally accepted notions of chemical constitu- 
tion. If we examines few reactions of a speci- 
fied compound, we may arrive at a conception of 
its constitution which finds expression in a 
structural formula representing the compound 
as built up of certain radicles. But a more ex- 
haustive study of the same compound may lead 
to another structural formula. Thus, the formulte 
H.C 2 H 3 O 2 , CH^O.OH, and CHj.COOH mark suc- 
cessive advances in the chemical study of acetic 
acid. The third formula is the best, because it 
fUiggests more reactions than cither of the others. 
In the case of such a compound as acetic acid 
wo cannot actually build up the compound from 
the radicles which we represent in tlie formula. 
But wo are generally able to build up a double 
salt by bringing together two simple salts; hence 
wo are apt to think that the atomic complex 
which forms the reacting unit of the salt must 
bo composed of these two radicles which have 
actually been caused to combine. This may not, 
however, be the proper view to take of the con- 
stitution of the salt ; whether it is or is not the 
proper view can be determined only when an cx- 
tiaustive study has boon made of the reactions 
of formation and decomposition of the com- 
pound. But as most double salts have only been 
superficially examined, our present conceptions 
of the cc/ftstitution of those bodies cannot be 
regarded as final. In connexion with the subject 
of double salts v. article Salts. M. M. P. M. 

DRAGON’S BLOOD. A red resin. American 
dragon’s blood flows from incisions in Ptcro- 
carpus draco growing in the West Indies. A 
similar resin is obtained from Croton draco. 
Indian dragon’s blood is found on the ripe fruits 
and leaves of various species of Calamus. Ca- 
nary dragon’s blood comes from Dracama draco. 
It dissolves in alcohol, ether, and oils, forming 
a red solution. It is partially soluble in alkalis 
(Johnstone, Tr. 1839, 134; Herbergor, Buchn. 
Repert. 37, 17 ; 40, 138). According to Bobbie 
a. Henderson {Ph. [3] 14, 301) these resins may 
be arranged in four groups 

(а) Sol. OHClg, CS 2 , and benzene. 

( б ) Sol. CHCI3, insol. CS 2 , and benzene. 

(c) Sol. CHC1„ partly sol. CS.„ sol. benzene. 
\d) Insol. CHCl^, CS.. and benzene. 

The other properties of* these resins are some- 
what dissimilar; — 

(a) C.JI.flO,. [80^1. From Calafnus draco, 
(iic'Xo:. [c.l 00 »] 

(c) [ 0 . 80°J. From dracicna. 

The following properties probably relate chiefly 
to tlu' resill from Pterocarpus draco 

On dry distillation it gives toluene and styrene 
(Gl^nard a. Boudault, 6 ’. R. 17, 603; 19, 505; 
B lyth a. Hofmann, A. 63, 320). Potash-fusion 


forms \ben^6ib ietd, ^J-oxy-bcnzoic acid, and 
pWoroglucin (Qlasiwetz a. Barth, A, 134 , 283 ). 
Bistil^atiOii with zinc-dust gives a large quantity 
of styrene, together with toluene, ethyl-benzene, 
and three oils, C„II,„0 (215°) V.D. 6-6, O.aHj.O 
(268°) V.I). 6*96, and C.3H2„0, (238°) 7B6tsoh, M, 

1, 609). t « V /V 

DB.TJF0SE V. Sugar. 

DUALISM. As the study of chemical com- 
position was developed by Lavoisier, Dalton, 
Davy, Berzelius, and others, chemists gradually 
drew a marked line of distinction between two 
classes of compounds, those namely which when 
dissolved in water had a sour taste, dissolved 
metals, corroded animal matter, and changed 
the colour of some vegetable substances fiom 
bhio to red, and those whoso aqueous solution 
liad a soap-like action on the skin, did not dis- 
solve metals, and restored the colour of the 
vegetable Substances which were altered by the 
first class of compounds. But these two groups 
of compounds comprised a minority of the bodies 
which it was the business of chemistry to in- 
vestigate. There were very many substances 
which did not possess the characteristics of 
i either class ; as investigation proceeded it was 
j discovered that the greater number of the mem- 
! hers of the intermediate class could be produced 
i by the interaction of bodies belonging to one of 
j the extreme classes with bodies belonging to the 
! other. Compounds belonging to the first class 
were called acids, the second class was named 
bases or alkalis, and a compound formed by the 
mutual action of an acid and a base was called a 
salt. 

The mode of production of salts suggested 
the view that these compounds are built up of 
two parts, one of which has the characters of an 
acid, and the other the characters of a base. 
This view was confirmed by the results of the 
electro-chemical researches of Davy and Ber- 
zelius. The passage of an electric current 
through a salt very frequftntly produced one 
body having the characters of an acid, and 
another having the properties of a base. Ber- 
zelius supposed that every salt is essentially com- 
posed of two parts, one of which is electrically 
positive to the other ; in some cases each part 
or radicle of a salt is itself an element, in other 
cases each part is itself a group of elements. 

Having expounded his view of chemical 
action as an electrical phenomenon essentially 
consisting in the attraction of one body, either 
elementary or compound, by another with an 
electrical polarity stronger than that of the 
first, Berzelius proceeds thus : — 

‘If these elootro-ohemical conceptions are just, It fol- 
lows that every chemical compound Is dependent on two 
opposing forces, positive and negative electricity, and on 
thoso alone ; and that every compound must be composed 
of two parts licld together by their mutual electro- 
chemical reactions. Therefore it follows that every com- 
pound body, wliatcver bo t^e number of its constituents, 
can be separated into two parts, whereof one is positively 
add the other negatively electrified. Thus, for example, 
sodium sulphate Is put together, not from sulphur, oxygen, 
and sodium, but from sulphuric acid and soda, whioh again 
oan themselves be separated into positive and negative 
constituents. So also slum cannot be regarded as im- 
mediately built up from its elements, hut must rather be 
looked ou ns the product of a reaction between sulphate of 
alumina and sulphate of potash, the former Mtlng as a 
nopativc, the lattor as a positive element.’— 
eU.), 3, pt, L 11 , 
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This is the dootrine o! dualism^ a doctrine 
which prevailed in chemistry for something 
like half a century. As soon as a new salt was 
prepared, the dualistio chemist set himself to 
construct a formula which should represent the 
salt as composed of two parts, or radicles, one ‘ 
positive and the other hegative. The formula 
given to the same salt was not always the same ; 
but in whatever way the formula was modified, 
in accordance with the known reactions of the 
salt, the fundamental conception of binary 
structure remained. The following formuhe, 
among others, were given at different times to 
sodium acetate— (C =» 6, 0 = 8) 

C^HjNaO,.H,0 

04 HjNa 04 .Hj 

(C,H4Na)0jO,.H,O 

C 4 H,Na .04 

C4H,Na02.H20, 

The conception on which dnalisnv was based, 
the conception, namely, of binary structure, was 
extended to acids and bases; every acid and 
every base was regarded as composed of two 
radicles, one of which was frequently, but not 
always, an element. A complete system of 
chemical classification was thus developed : one 
element combines with another ; the compound 
is evidently a binary one ; the compound inter- 
acts with another binary compound; the pro- 
duct is still binary although each part is itself 
a compound ; the new compound enters into 
chemical union with a compound as complex as 
itself ; the product is still essentially built up 
of two parts. Each elementary atom was re- 
garded by Berzelius as endowed with both posi- 
tive and negative electricity, but one of these 
predominated over the other, so that the atom, 
considered as a whole, was either negatively 
or positively electrified. When a positively 
electrified atom combined with one which was 
negatively electrified, Berzelius said that op- 
posite electricities neutralised each other, but, 
he added, the el^tricities formerly masked in 
the separate atoms now come into play, so that 
the new group of atoms, considered as a whole, 
is either positively or negatively electrified, and 
in virtue of this the new group of atoms is 
ready to combine with other atoms or groups of 
atoms, provided the predominating electricity 
on these is of opposite sign to that on the first 
group. As compounds become more complex 
the less readiness do they exhibit to enter into 
fresh combinations ; this was accounted for by 
Berzelius as a consequence of the neutralisation 
of the predominating or stronger electricities by 
the first combination of the elementary atoms. 
Suppose an atom to have a large charge of posi- 
tive and a small charge of negative electricity, 
and suppose this atom to come within the sphere 
of action of another having a large charge of nega- 
tive and a small charge of positive electricity ; these 
atoms will have a great affinity for each other- 
according to the Berzelian doctrine of dualism— 
they will combine, and the compound will bo 
either positively or negatively electrified, but the 
total charge will bo considerably smaller than 
that on the original atoms. 

Chemical affinity was regarded by the Ber- 
Eelian school as conditioned by, if not as synonym- 
ous with, greater or smaller electrical charges. 
Suppose that a series of binary compounds has | 


I been produced, one of these being very stable, 
I another less stable, another unstable, and so on, 
I the electrical charges on the atoms of the most 
stable compound must have been greater than 
the charges on the atoms of the less stable com- 
pounds ; therefore a greater quantity of electri- 
city will be required to tear asunder the atoms 
which form the most stable compound than is 
required to decompose an equivalent quantity of 
one of the less stable compounds. But Bara- 
day’s resekrehes on electrolysis showed that the 
passage of the same quantity of electricity 
through a series of electrolytic compounds of 
varying chemical stability resulted in the de- 
composition of chemically equivalent masses of 
these compounds- This result was opposed to 
the dualistio conception of affinity, and hence to 
the whole system of dualism. 

The researches of Liebig and Graham on tho 
constitution of acids gradually led chemists to 
regard theso bodies as essentially compounds of 
hydrogen with negative elements or groups of 
elements ; they came to look on the reaction be- 
tween an acid and a metal as consisting in the 
replacement of part, or the whole, of the hydro- 
gen of the acid by the metal, and they recognised 
that the hydrogen of some acids could be re- 
I placed by metal in two, three, or more, succes- 
sive stages. An acid thus came to be regarded 
as a whole, the functions of the parts of which 
depend on the nature of these parts, and pro- 
bably on their arrangement relatively to each 
other. But tho dualistic chemist asserted that 
hydrogen belongs to the class of metals, because 
both are distinctly positive elements, and he 
maintained that the replacement of one posi- 
tively electrified atom by another positively elec- 
trified atom might be expected to result in the 
production of a compound resembling the ori- 
ginal; tho acid type is preserved, he asserted, 
when a salt is formed by putting a metal in the 
place of the hydrogen of an acid ; both acid and 
salt are dualistio structures of the same kind. 
It is impossible, asserted the follower of Berze- 
lius, to replace the strongly positive hydrogen in 
a compound by a distinctly negative element 
without producing a compound of an entirely 
different typo from the acid ; a negative element, 
such as chlorine, cannot, he said, be put in the 
place of the positive element hydrogen ; if hy- 
drogen is removed and a compound containing 
chlorine is formed, this process must consist in 
the breaking down of one dualistic structure and 
the formation of another totally unlike the first. 
But in 1839 Dumas prepared trichloracetic acid 
and proved this compound to be very similar to 
acetic acid, although it was produced byreplacing 
three atoms of hydrogen in acetic acid by three 
atoms of th6 markedly negative element clilorine 
(C. Ii.8, 609). Dumas retained the notion of types 
or families ; but he said that compounds were to 
be placed in this or that family, because of their 
actual reactions of formation and decomposition, 
and not because a certain hypothesis required 
them to be classi^ed in a certain way. 

Dualism had paid too exclusive attention to 
composition; Dumas, and the founders of the 
unitary hypotJiesis, maintained that no chemical 
classification can bo approximately final which 
does not endeavour to study the properties an 
I well as the compositions of the bodies to be 
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elassified (v. OiiiSBirzoiTXON ; also Salts, and 
Types). M. M. P. M. 

DUBOISINE. Identical with HYoscYAMiNa 
( 2 - «•)• 

DULOAMABIN O22HJ4OJJ. Occurs in th§ 
stalks of the common nightshade, Solanum duU 
camara (Wittstein, VierteJjahrb. f. pr. Pharm. 
1, 864, 496; E. Geissler, Ar. Ph. [3] 7, 289). 
Amorphous, with bitter taste followed by a per- 
sistent sweet taste. Sol. alcohol, and acetic 
ether. Basic lead acetate ppts. C22H,2PbO,o .3aq 
and Oj^HjjPbO,,, 6aq. Dilute acids resolve it into 
glucose and resinous dulcamaretin OiaHotfOa* 

DULCITE i.e. 

CH2(0H).(0H.0H)4.dH20H. Melampyrite, Mol. 
w. 182. [189°]. S.G. ^ l-4<>6. S. 3 at 15°. S. 
(alcohol) *07 at 16°. H.F. 294,000 (v. Bechen- 
berg) ; 317,600 (Berthelot a. Vieille, A. Ch. [6] 
10, 466; Bl. [2] 47, 868). H.C.v. 729,100; 
H.O.p. 729,400 (B. a. V.). 

Occurrence. — In Madagascar manna (Lau- 
rent, Compt. Chim. 1850, 364 ; 1851, 29 ; A. 76, 
358 ; 80, 345 ; Jacquelain, Compt. Chim. 1851, 
21 ; A. 80, 345). In Melampyrum nemorosum 
(Hunefeld, J. pr. 7, 233; 9, 47; A. 24, 241; 
Gilmer, A. 123, 372) ; in Scrophularia nodosa 
and Rhinanthus Crista-galli (Eichler, Rep. 
Chim. pure, 2, 103) ; and in the cambial cells of 
Euonymus europams (Kubcl, J. pr. 85, 372). 

Formation.~By reducing galactose or milk 
sugar with sodium amalgam (Bouchardat, A. Ch. 
[4] 27, 68; C. R. 83, 199; 84, 666, 866, 1406; 
Bl. [2] 18, 116). 

Preparation. — 1. From Madagascar manna 
by reorystallisation. — 2. The decoction from 
Melampyrum nemorosum is boiled with addition 
of milk of lime, and the solution concentrated ; 
the hot solution is acidified with HOI, and on 
cooling dulcite crystal Uses out (Eichler). 

Properties. — Glittering monoclinio prisms, 
usually aggrepted in crusts. Slightly sweet in 
taste. Inactive. SI. sol. acetone, chloroform, 
and acetic ether, insol. ether. It does not reduce 
Fehling’s solution. Does not undergo alcoholic 
fermentation. At 200° it loses water, becoming 
duloitan CaHjjO^, a thick syrup. Dulcite is 
neutral to litmus, but according to Klein (C. R. 
99, 144) a solution of dulcite (1 mol.) mixed with 
borax (^ mol.) is acid. Sodium paratungstate 
acts like borax. 

Reactions. — 1. Boiling dilute nitric acid 
forms mucio, racemic, and oxalic acids (Laurent; 
Carlet, C. R. 61, 137 ; 63, 343). Fuming HNO, 
forms thehexanitrate.— 2. HjSO, forms a penta- 
Bulphurio acid.— 3. HI forms secondary hexyl 
iodide (Erlenmeyer a. Wanklyn, C.J. 15, 455).-— 
4. Cone. HClAq at 0° forms unstable crystals of 
C„H,404,HC1 3aq (Bouchardat, A, Ch. [4] 27, 
168).— o. HClAq at 100° slowly forms the 
dichlorhydrin C^H,2Cl204. This forms tables, 
insol. water and alcohol ; it is split up at 180°, 
or by boiling water, into HCl and du lei tan 
chlcrhydrin OuHuClO,, which crystallises 
from ether in needles [90°], and is partially 
converted by boiling water mto dulcitan. The 
dichlorhydrin is converted by alcoholic NH3 into 
dulcit amine OsHjjNOj, a strongly alkaline 
syrup which absorbs OOj from the air and forms 
a crystalline hydrochloride B'HCl and platino- 
ohloride B'jHJPtCl,. Sodium amalgam converts 
dulcite dichlorhydrin into gummy duloideC*H„04. 

VoL. U. 


Fuming HNO, gives 0,H,Cl2(N0,)4 [108°]. 

6. HBr gives C,H,40,HBr3aq, C^H^Bi.p., and 
CaH,,Br04 [143°] under conditions similar to 
those under which the corresponding chlorine 
derivatives are formed. The prolonged action 
of a large excess of Hj^rAq at 100° forms syrupy 
CgHgEraO. Dulcitan chlorhydrin is converted 
by HBrAq at 100° into crystalline OgH^ClBrOa. 
Dulcite dibromhydrin is converted by fuming 
HNO3 into CaHgBr2(NOg)4 [100°] ; while 
CaH,2ClBr04 gives CaHgClBr(NO,)4 [116°].— 

7. HIAq (S.G. 2 0) at 16° forms OaH,40,HI3aq, 
which is completely resolved into its components 
by water.— 8. Boiling AcCl forms C,HgCl(OAo)„ 
which forms minute crystals.— 9. AcjO forma 
several acetyl derivatives [v. infra). Butyric 
acid at 200° gives oily di-butyryl dulcitan 
ChH,u(C4H,0)205. — 10. If bromine (5 g.) be added 
to a solution of dulcite (5g.) in waW (40 g.) 
containing NajCOg (12 g.), and the product sub- 
sequently tested with phenyl hydrazine, the 
phenyl hydrazide C,9H22N404 [206°] of an alde- 
hyde or ketone (‘ phenyl dulcitosazone *) sepa- 
rates as yellow flakes (Fischer a. Tafel, B. 20, 
3381). — 11. By heating dulcite with phenyl 
cya'nate there is formed CgHg(OH)(O.CO.NHPh), 
[0. 252°], very sparingly soluble in all solvents 
(Tessmer, B. 18, 971). 

Metallic compounds. — CgHjjBaOgSaq ; 
prisms, v. sol. warm water.— CgHgPbjO, 3aq (at 
100°).— CgHgCUjOgSaq (at 100°). 

Hexanitratc Cj(Hg(NO,)g. Nitrodulcite, 
[c. 70°]. From dulcite (1 pt.), fuming HNO, 
(5ptB.), and H2SO4 (lOpts.), the mixture being 
immediately thrown into water (B6champ, C. R. 
51, 257 ; Champion, Bl. [2] 22, 179). Colourless 
flexible needles (from alcohol), ^^en kept for 
a month at 30° to 46° it evolves red fumes, 
and apparently changes to the tetranitrite 
C„Hg(0H)2(N03)4 [130°-140°J, which crystaUises 
from alcohol in prisms. 

Tri-sulphuric acid C,3H9(S04H),(0H),. 
From dulcite and H2SO4 ^Eichler).— Ba,A"', : 
gummy. 

Penta-sulphuric acid CaHg(S04H)5(0H). 
When dulcite is added in small portions to 
chlorosulphurio acid (CISO4H), and the product 
is dissolved in water, a solution is obtained 
whence a barium salt may be got in the form of a 
hygroscopic powder. Writing ba for ^Ba, it is either 
(baSOj3CgH9(OH), 2aq or (baSO4),0gH-, 3aq. 
The latter formula represents it as derived from 
dulcitan, and, in fact, if the free acid is heated 
on the water-bath dulcitan is produced (Claesson, 
J. pr. 128, 16). 

D%. acetyl derivative C,H8(OH)4(OAo)y 
[176°]. From boiling ACjO fl2 pts.), HO Ac 
(120 pts.), and dulcite (10 pts.) (Bouchardat). 
Scales. SI. sol. cold water, insol. ether. A by- 
product is diaoetyl dulcitan OgHigACjO,, a 
bitter substance, sol. water and ether. 

Penta-acetyl derivative 
GgH9(OH)(OAc)3. [163° cor.]. From C,H,Cl(OAo), 
by boiling with alcohol. Needles. 

Eexa-acetyl derivative C,H,(OAo),. 
[171° cor.]. From dulcite (lpt.),Ao20 (opts.), 
and HOAo at 185°. Hard crystalline plates; 
sublimes at 210°. A by-product in its prepara- 
tion is tetra -acetyl. duloitan C,H,0(OAo)^. 
an insupportably bitter resin. 

EH 
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Sexa>hengoyl derivative 0«Hs(0Bz)^. 
[147®]. From dulcite (1 mol.) and BzCl (8 mols.) 
at 160®-200®. jCryatala (from alcohol), inaol. 
water and ether. HNO3 mixed with HjSO^ con- 
vert it into CgH„(O.CO.C^H^NOj)3. Tetra-benzoyl- 
duloitan CgHgO(OBz)4 is a^reain formed as a by- 
product in preparing nexa-aoetyl-dulcite. 

Isodttlcite OgHnOg or CgHiaOj aq. Rhamnose, 
[92®]. S.G. V S. 66-7 at 18®; 109 at 

40°. [o]D»8'07°in a 21 p.c. aqueous solution 
at 17°; [a]D = 13® in fresh solutions (Bayman 
B. Emis, C. C. 1888, 6). Prepared by the action 
of dilute HjSOg upon quercitrin (the yield being 
10 p.o., Hlasiwetz a. Pfaundler, A. 127, 362), 
upon the glucoside of buckthorn berries {Rham- 
nwa infectoria) Liebermann a. HSrmann, B. 11, 
962; Berend, B. 11, 1353), and upon sophorin 
(FSrster, B, 16, 215). Monoclinic crystals, sol. 
water apd alcohol. In very dilute alcoholic 
solutions it is lavorotatory, in concentrated 
alcoholic and in aqueous solution it is dextro- 
rotatory. 10 c.c. of Fchling’s solution, equivalent 
to '06 g. glucose, are reduced by '055 g. isodulcite 
(Will, B. 18, 1316). Isodulcite also reduces 
ammoniacal silver nitrate, Knapp’s reagent, an 
qj|wjine solution of indigo, an alkaline solution 
dOTjFeCyg, and picric acid (to picramic acid). 
It does not affect Schiff’s reagent. dis- 

solves it unchanged. Does not undergo alcoholic 
fermentation with yeast. At 100® it gives off 
HjO becoming OyHjjOj, sometimes called iso- 
duloitan, which takes up HP again on dis- 
solving in water. 

Reactions. — 1. Potash and iodine give a 
very little iodoform, — 2. (o)-iVhp/tf/ioZandH.pO, i 
give a bluish-violet colour.— 3, Thymol and | 
HaSO^ give a crimson zone rapidly turning 
Vrown.— 4. Phenyl hydrazine mixture gives a 
oeavy pp. 06H,o03(NaHPh)2 or C„.H,jNp, 
[171°] si. sol. water, v. sol. alcohol (Bayman, 
Bl. [2] 47, 668 ; Herzog, M. 8, 227).— 4. Heated 
with phenyl-hydrazine in alcoholic solution 
it gives a phen^-hydrazide CijHi^Np, or 
C4H,20,(N2HPh) [159®] v. si. sol. alcohol (Bay- 
man, Bl. [2j 47, 760 ; Fischer a. Tafel, B. 20, 
2566).— 6. A mixture of I^SO^ andHNO, forms a 
very unstable explosive nitrate CjH,j(NO,)P2. — 
6. Moist silver oxide oxidises isodulcite to acetic 
aoid. CrO, does the same. Bromine followed 
by AgjCO, oxidises it to C«H,P^ [148®] (Will a. 
Peters, B. 21, 1813), or [142°] (Bayman, B. 21, 
2046). This ‘ isodulcite saccharin ’ forms needles, 
T. sol. water and alcohol, si. sol. ether ; 
Wd“ -“39°; S.G. l-032o', S. 11. — 7. Aqueous 
NaOH and BzCl form a crystalline mixture of 
tri- and tetra-benzoyl derivatives.— 8. AcjO at 
120°-140° forms resinous acetyl derivatives. 

Sodium salt C,H,2Nap^. From isodul- 
eite and alcoholic NaOEt (Liebermann a. Ham- 
burger, B. 12, 1186). Crystalline powder. 

Isodnloite carboxylic acid C,H,p,. Lac- 
tone C,H,20,. [168°]. Formed by heating iso- 
dulcite (26 g.) dissolved 7n water (25 c.c.) with 
anhydrous HOy (7*6 c.c.) at 80® ; and subsequeht* 
saponification (Fischer a. Tafel, B. 21, 1657; 
2173). Concentrically grouped needles, v. sol. 
waU|r and alcohol, v. si. sol. ether. Beduced by 
HI and P to n-heptoio acid. * 

ISODULCITIC ACID C.H.oO^. [100°]. Formed 
by oxidising isodulcite with HNO3 (S.G. 1'3B) 
(Malin, A. 146, 197). Crystalline grains, v. sol. 


water, v. si. sol. alcohol. Does not reduce Feh- 
ling’s solution. — CgHJPbPj. — CgHpdO^ (at 
120 °). — C„HsBaOp (at 120°) ; white pp. — 
CACaO, (at 120°). 

, ISO- DULCITONIC ACID CaH.jOj*. 

^ Formation. — 6y oxidising isodulcite with bro- 
mine the lactone of isodulcitonio aoid is formed. 
This is converted into salts of the acid by boil- 
ing with the respective carbonates (Will a. 

1 Peters, B. 21, 1814). 

Properties. — The free acid is not known. 
When liberated from the salts it is always the 
lactone [148®] which is ppd. 

DUMASIN CaH,P(Kane); C„H,oO (Heintz, 
P. 68, 279 ; Fittig, A. 110,^1). V.D. 5-2 (Kane). 
One of the products obtained by passing ace- 
tone or acetic acid through rod-hot tubes (Kane, 
P. 44, 494) or by the rapid distillation of ace- 
tates. Oil. Lighter than water. Besembles 
mesityl oxide. Combines with NaHSOj the 
crystalline compound C„H|PNanSOj 2aq being 
decomposed by boiling water. On distillation 
with MnO, and HCl it gives Cj.Hpip (150®- 
155°). 

DUODEGANE v . Dodecant:. 

DURENE C,„H„ i.e. C„H,(CH,), [1:2:4:5]. 
s-Tetra-methyl-benzcne. Mol. w. 134. [81°]. 

(196° i. V.). 

Occurrence. — In tho fraction 170°-180® of 
coal-tar oils (Schulze, B. 18, 3032 ; cf. Berthe- 
lot, Bl. [2] 8, 226). 

Formation.— 1. From bromo-il/-cumene [71°], 
Mel, and Na (Jannasch a. Fittig, Z. 1870, 161 ; 
Nef, A. 237, 3 ; Gattcrnmnn, A. 244, 66).— 2. 
From di-bromo-w -xylene Mel, and Na (Jan- 
nasch, B. 7, 692 ; Gissmann, A. 216, 201). 
Similarly from di-broino-p-xylone (Jannasch, B. 
10, 1357). — 3. By the action of MeCl in presence 
of Aipi„ upon toluene, 0 - or p- xylene, or 
vl^-cuniene (Friedel a. Crafts, A. Ch, [6] 1, 461 ; 

1 11, 270; Ador a. Billiet, B. 12, 331 ; Jacobsen, 

' B 14, 2629).— 4. By the action of l^Lel on a 
' mixture of ^'-cumene, CS^ and A1,,C1„ at 100® 

' (Claus a. Flecking, B. 20, 3097). -6. In small 
I quantity by passing oil of turpentine through ft 
' red-hot tube (Montgolfier, A. Ch. [5J 19, 164). 

Properties. — Monoclinic crystals with faint 
odour. V. sol. alcohol, ether, and benzene, si. 
sol. cold HOAc. May be sublimed. 

Reactions. Gives by oxidation pyromel- 
litic acid (l!!„H^(CO,H)4, tri-methyl-bpnroio acid 
C,H,(CH3)3(C02H), di-methyl-benzoio acid 
C, H^jCH,), (CO, H).,, and acetic acid(Beuter,B. 11, 
31). - 2. By leaving in contact with 10 times 
its weight of ordinary cone. HjSO^ about 4 of 
I it is converted into a mono-sulphonic acid. 
This Bulphonic acid is very unstable, being par- 
tially reconverted into durene by cold cone. 
H.SO,. By the prolonged (3 or 4 days’) action 
of cone. H._,SO, in the cold or for a shorter timo 
at 80°-100® upon durene or its 8ul|fhonic acid a 
complicated reaction takes place with produc- 
tion of two pseudo-cumene-sulphonic acids 
C„H.,Mea(S03H)[l:3:4:6] and [1;3;4:2], a sul- 
phonic acid of tho (1:2:3:4) tetra-methyl-ben- 
zene (prehnitene), and hexa-mothyl-ben^ene. 
In this remarkable reaction the H,SO, behaves in 
a similar manner to AlCl,. By the action of cold 
fuming H.SO, upon durene a disiilphonic acid 
is obtained which is much more stable than the 
mono-sulphonio aqid (Jacobseq, B. 19, 12UJ).— • 
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8 . Heated with PCI* at 195° it gives a chloride 
C,^,jCL which when treated with water at 175° 
loses all its chlcrine. As there is no acid 
formed it is probable that this chloride contains 
neither the group CCI3 nor the group CHClj. A 
chloride C,oH,,Clj may be obtained from the 
ligroin which serves to purify the C,oH,oCl^ ; it 
is changed by boiling water into a viscous mass, 
si. sol. ether (Colson a. Gautier, A. Gh. [6] 11, 
30). — 4. Benzoyl chloride in presence of AljCl, 
at 120° forms phenyl tetra-methyl-phenyl ke- 
tone C^Hs.CO.GJiMe^ [119°] (343°), and di- 
phenyl tetra - methyl - phenylene diketone 
(C,.H3C0)30,Me, [270°] (Friedel, Crafts, a. Ador, 
C.i2. 88, 880).— 5. Acetyl chloride and AljClg 
give C,|HMe,.CO.CH3 (253°'uncor.) which may 
be oxidised to C^HMej.CO.CO^H whence sodium- 
amalgam produces CaHMe4.Cn (OH). CO.^H [156°] 
(Claus a. Fcccking, JB. 20, 3097). 

ti-Durene C^H2(CHs)4 [1:3;4:6J. Isodurene. 
(196° i. V.). 

Foi'mation. — 1. From bromo-mesitylene, Mel, 
and sodium (Jannasch, B. 8, 3561. — 2. By the 
action of ZnCl^ or I on camphor (Armstrong a. 
Miller, B. 16, 2259 ; Montgolfier, A. Gh. [5] 19, 
161). — 3. By treating penta-methyl-benzene with 
ILSO4 (Jacobson, B. 19, 1216). — 4. From mcai- 
tyleno (or toluene), MeCl, and Al^Cl^ (Jacobsen, 
B. 14, 2629 ; Claus a. Fcecking, B. 20, 3097 ; 
Friedel a. Crafts, A. Gh. [6] 1, 461). 

Proj^erties, — Oil. Gives on oxidation mello- 
phanic acid C,iH.^(C03H)4 and three acids of the 
formula C,H,(CH,),C02H. 

c-Durene CaH4(GH3)4 [1:2:3:4]. Prehnitene. 
[—4°]. (201° i. V.). Obtained by hydrolysis of 
its sulphonic acid, which is found amongst the 
products of the action of cone. H2SO4 upon s-du- 
reno (Jacobsen, B. 19, 1211). It appears also to 
be formed by the action of Mel and sodium upon 
bromo-4/.cumene (Kelbe a. Fathe, B. 19, 1551). 
Formed t*lso by the action of H2SO4 on penta- 
methyl-benzene (Tohl, B. 21, 904). Dilute 
HNO3 oxidises it to C„Tl2(CH.,)jC02H ; more ener- 
getic oxidation gives prehnitic acid CaH2(C02H)4. 
The picric acid compound crystallises from 
alcohol in yellow needles [95°]. c-Dureno forms 
a di-bromo- derivative [210 ’], a rntro- derivative 
[61°], and a di-nitro- derivative [178°]. 

V, also Bromo-, Chloro-, and Nituo- durenks. 

Durene dihydride G,oHn,. (166°).' In animal 
oil (Weidel a. Ciamiciau, B. 13, 73). Gives 
isophthalio acid on oxidation. Successive treat- 
ment with bromine and aniline converts it into 
cymene. The oil appears also to contain an 
isomeride (172°). 

DUBENE CABBOXYIJC ACID v. Tktra- 

USXnYL-BENZOIO ACID. « 

DITBENE SULPHONIC ACID CJiMe,(S03H). 
Obtained from Caucasian petroleum by sulpho- 
nation (MaAownikolI a. Ogloblin, A. 234, 99). 
Formed, together with its chloride and di-duryl 
Bulphone by treatment of powdered durene with 
2.^ pts. of CISO3H at 0°. Crystalline solid. V. 
Bol. water, but ppd. by H2SO4. When left to 
stand with H.2SO4 for 12 hours at 50° it is ebn- 
verted into hexa-mothyl-benzene, c-durene sul- 
phonio acid, and two i^-cumene sulphonic acids. 
When distilled with dilute H2SO4 hydrolysis 
begins as soon as, through evaporation of water, 
the temperature rises to 120° (Armstrong a. Mil- 


ler, C. J. 45, 1 49). By fusion with KOH it gives 
durenol [117°]. 

Salts. — A'Na : pearly rhonibio plates ; v,sol. 
hot water, si. sol. cold water, nearly insol, dilute 
NaOH.~A'K : thin rhombic plates, si. sol. cold 
water. — A'-^Ba: pp. c4 small scales or rhombic 
plates, V. sol. hot water.— A'jCu ; light blue six- 
sided tables ; v. si. sol. water. 

G/iZoride CaHMe4(S0.2Cl) : [99°]; glistening 
prisms ; v. e. sol. ether, si. sol. alcohol at 0°. 

Amide C,HMe4(S0.2NH.,) : [155°]; long 
prisma (from alcohol) or long slender needles 
(from water) ; v. sol. hot, si. sol. cold, alcohol, 
si. sol. hot water, nearly insol. cold water (Jacob- 
sen a. Schnapaull, B. 18, 2841 ; 19, 1210). 

M-Durene-sulphonic acid C,uH,/S0gH). 
Plates or tables containing 2aq. Prepared by 
dissolving isodurene in ordinary H^SO. at 100°- 
120°. 

Salts. — A'Na: moderately sol. flat prisms, 
— A'Kaq. — A'.^Ba: flat prisms, 8. 57 at 15°. — 
A'.^Ca 3aq. — A'^Sr 9aq.— A'jPb 3aq. — A'jCo 7^aq. 
— A'..Co. — A'Ag. 

Amide [118°] (J.); [143°^ (Kelbe a. Pathe, 
B. 19, 1553). Long fine needles, v. sol. alcohol, 
si. sol. hot, nearly insol. cold, water (Biole!|i|^ 

A. 198, 381 ; Jacobsen, B. 15, 1853). 

c-Durene sulphonic acid C^liMe,(S04H) 

[1:2.3:4:?]. Prehnitene sulphonic acid. Formed, 
together with other products, by the prolonged 
action of cone. H2SO4 upon durene {([. v.) or its 
sulphonic acid. Small needles. Sparingly soluble 
in moderately dilute H.2S04. 

Salts. — A'Naaq: small glistening soluble 
tables. — A'jBa : small fiat sparingly soluble 
crystals. 

Amide C^HMe4(S02NH2) : [187°]; small 
glistening prisms ; sol. hot alcohol, si. sol. cold 
(Jacobsen, B. 19, 1211). The same acid ap- 
pears to be formed by the sulphonation of the 
product of the action of Mel and sodium upon 
l»romo-i]'-ciimone ; the amide of the acid so 
formed melts, however, at f77° (Kelbe a. Pathe, 

B, 19, 1552). 

Durene - di - sulphonic acid C6Me4(S03H).2. 
Prepared by dissolving powdered durene in cold 
fuming sulpliurio acid ; on pouring the melt 
into ice and water the sulphonic acid crystallises 
out. It is much more stable than the mono-sul- 
phonic acid, only being hydrolised when steam 
is passed through the H_.SO, solution, or when 
the salts are heated to 170° with HCl. 

Amide C,Me4(S02NH2)* : [above 310°]; 
small glistening crystals ; si. sol. alcohol (Jacob- 
sen, B. 19, 1217). 

DTJflENoL C,HMe,(OH). [117°]. (250° i.V.). 
Formed by fusing sodium durene sulphonate 
with KOH. Large flat prisms. SubUmablo and 
volatile with steam. Its bromo- derivative 
C«BrMe4(OH) forms long glistening prisms, 
[118°] ; its nitro- derivative Ca(N0.2)Me4(0H) 
yellow crystals, [130°L By long melting with 
I^OH it is converted into oxy-durylic acid 
'C,HMe3(0H)C02H [1:3:4:6:6] (Jacobsen a. 

Schnapauff, B. 18, 2843). 

Iso-Durenol G.aHij.OH [108°]. Colourless 
crystals. Prepar^ by fusing iso-duren^-sul- 
phonio acid with KOH (Jacobsen, B, 15, 1854). 

c-Dnrenol CeH(CH*)4(OH) [1:2:3:4:5]. Prehn- 
itol. [87°]. (266° i. V.). From c-durene sul- 
phonio acid by potash-fusion (T5hl, B. 21, 904). 
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Long silky needles (from ligroin); v. e. sol. 
alcohol and ether. Not coloured by Fe^Cl,. 
Gives a bromo- derivative 

Acetyl derivative C,H(CHj) 4 (OAc) : 
[67^ ; prisms. 

DTJEIDINE C,H(CH,>,(NH,). [14®]. (263®). 
S.G. ^ 978. One of the products obtained by 
heating xylidine hydrochloride with MeOH 
(Hofmann, B. 17, 1913).— B'HCl (at 100®).— 
B'jHjPtCl, (at 100 ®). 

Iso*Duridine C(,HMe^.NH.,. Amido4etra- 
methyl-benzene. (260® i. V.) at 740 mm. Formed 
by heating pseudooumidine or mesidine hydro- 
chloride with methyl alcohol at 200®-300® (N61- 
ting a. Baumann, B. 18, 1149). Colourless liquid, 
which solidifies in a freezing mixture. 

Salts.— B'HCl ; small white prisms.— 
B'jH^CljPtCl^ : yellow tables. 

Acetylderivative G„HMo,.NnAc : [211®] ; 
white needles, v. sol. alcohol, si. soLlvatcr. 

DUBOQUINONE C,Mg, 0,. [111®]. Prepared 
by reducing di-nitro-durene to duryleno diamine 
with zinc-dust and acetic acid, removing the zinc 
by H,^S, and oxidising the solution with Fe^Cl^. 
Formed also by the action of warm NaOHAq 
upon Me.CO.CO.Et (Pcchmann, B. 21, 1420). 
Long yellow needles. Sublimable. V. e. sol. 
ether, chloroform, benzene, alcohol, and acetone, 
V. sol. hot, but si. sol. cold, ligroin. Beduced by 
zinc and HOAc to a substance [c. 210®], which 
is easily reoxidised to the quiiione (Nef, B. 18, 
2806; <7.^.63,428; .4.237,6). 

DUEOYL-BENZOIC ACID v. Tetiu-metiiyl- 

BBNZOIL-BENZOIC ACID. 

DDEYLIC ACID v. ij/-CuMiNic acid. 

Quinone of durylio acid v, iI'-Cumoquinonb 

OiBBOXILlO Aom. 


DUEYL METHYL KETONE 

CH,.CO.C6HMe,[l:2:8:4:G]. (264®). From, tt* 

durone, AcOl, and AlCl, (Claus a. Forsling, B. 
20, 3098). Liquid. V. sol. alcohol and ethcr. 

, Oxim. [148°]. Small plates. 

. Phenyl hydrazide [215®]. Needles. 
«-Duryl methyl ketone 

Cn,.CO.C,HMe,[l:2:4:r);(ll. [63®]. (251°). From 
s-durene, AcCl, and AlClj (C. a. F.). Pearly 
plates. 

Phenyl hydrazide. Small silky crystals ; 
decomposing at 226®. 

DI-DDEYL SDLPHONE C„HMe,.SO,.CgHMe,. 
Sulpho-duride. [37°]. Formed, together with 
durene sulphonic acid arid its chloride, by the 
action of sulphuric chlorhydrin ( 2 } pts.) upon 
powdered dureno at O ’. Long prisms. Can be 
distilled in vacuo. V. sol. alcohol, ether, benzene, 
and ligroin, insol. water (Jacobsen a. Schnapauff, 
B. 18, 2841). 

DYNAMITE v. Glyckuin. 

DYS-ALBUMEN v. Pkotkids. 

DYSLYSIN C,,IL,0,. (above 140®]. A pro- 
duct of the decomposition of cholic acid obtained 
either by heating it to 300® or by treating it 
with dilute HCl or H 3 SO 4 (Iknzolius, A. 33, 139; 
43, 1 ; Theyer a. Schlosser, . 60, 235; Streckcr, 
A. 67, 22 ; Iloppo-Scyler, J. pr. 89, 83). Amor- 
phous resin, insol. water, si. sol. boiling alcohol, 
sol. ether. Insol. alkalis. Named from its in- 
solubility. Boiling alcoholic KOH reconverts it 
into cholic acid. 

DYSLYTE CgHeN^Ofi. [189®]. S. *07 in 
97 p.o. alcohol at 10®. Formed, together with 
eulyte, by treating citraconic acid with cone. 
HNOs (Baup, A. 81, 102 ; Bassett, Z.mh 701). 
Long slender needles (from alcohol). Insol. 
water. 
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EABTHS. The term earths is applied to the 
oxides of a number of the elements which are 
difficultly reducible to the metallic state. The 
majority of elements of this class are of very 
rare occurrence in the concentrated state, being 
found accumulated in but few minerals, such, 
for instance, as in gadolinite^ cerite^ keilhauitey 
orthitCy samarskitCy euxenitCy and a few other 
minerals. In minute quantities, however, the 
earths are disseminated throughout the whole 
mineral kingdom. Cossa has detected cerium 
and didymium in all classes of volcanic rocks ; 
certain kinds of olays contain as much as one 
per cent, of cerium ; and didymium may even 
be detected in sea-water by means of its absorp- 
tion-spectrum. Yttrio, an earth very rarely 
found in quantity, m^ be detected in almost 
every miners species, in corals, and everi in 
animal bones. Samarium, an element of the 
earth class, and even more rarely found in quan- 
tity than yttrium, seems to have the same ubi- 
quitous character, and is not unfrequently found 
in appreciable traces in the minerals celestine, 
strantianitey and native carbonate of lead. 

The oxides of the following elements are usu- 


ally classed together as earths : barium, stron- 
tiuviy calcium, magnesium, beryllium, alumi- 
nium, zirconium, titaniumy thoriumy lanthanum, 
didymium, cerium, yttrium, erbium, terbium', 
and the more recently discovered elements, about 
the existence of some of which there is yet con- 
siderable doubt, ecamdium, ytterbium, d^pium, 
holmium, thulium, samarium, gadolimum, and 
dysprosium. 

From a chemical point of view some of those 
elements exhibit characteristics so widely dif- 
ferent as to render it necessary to divide them 
into at least two groups ; viz., those whose salts 
are not ppd. by ammonia, the hydrates being 
soluble in water and possessing a strongly alka- 
line reaction ; and those ppd. by ammonia. To 
the first group belong barium, strontium, and 
calcium, whose oxides are termed the alkaline 
earths ; all the o^ers are ppd. by ammonia. 

The analogies shown by the oxides of some of 
these elements with the oxides of the heavy and 
easily reducible metals would seem to throw 
them out of the list of earths ; such are mag- 
nesium and beryllium; the existence of the 
stable oxides MgO and BeO seems to indicate 
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that theie metals belong to the same group as 
e^dmium and zino. The same maybe said of tho* 
rium, zirconium, and titanium, which constitute 
a natural group with tin, forming the oxides MO2. 
As beryllium, thorium, zirconium, and titanium, 
are almost invariably found associated with the 
earths proper they are here retained in giving an 
outline of the chemical methods of effecting the 
separation of this numerous class of bodies from 
each other. 

It is only within recent years tlfat the list of 
earths has been so much extended, and there is 
every reason to believe that the number will be 
further increased, not so much, it may be, by 
^finding that rare and ill-examined minerals con- 
tain new elements, as by discovering that some 
of the bodies already well ^nown are in reality 
mixtures of two or more oxides ; it is, however, 
to be remembered that the existence of all the 
oxides of elements enumerated above is not yet 
finally proved. The discoveries that have already 
been made in this field have proved the hetero- 
geneous character of some well-known oxides or 
earths ; this is exemplified below. This splitting 
up of an earth into two or more constituents is 
not to be looked upon as an act of dissociation 
{q. V.), but is merely the result of more refined 
methods of attacking the difficult problem of 
isolating the several already known earths in a 
state of purity, combined with a very close study 
of variations in their spectroscopic characteristics 
when the various elements are isolated from dif- 
ferent mineral species. It is sufficient merely 
to glance over the discoveries that have been 
made relating to the earths, to understand the 
difficulties under which this branch of mineral 
cliemistry labours, and upon what facts it is 
possible to assume, with any degree of certainty, 
the homogeneous or heterogeneous character of 
a material. Owing to the great similarity in the 
chemical reactions of many of the earths, to 
isolateuany particular earth is a most tedious 
operation, as there are no known sharp methods, 
such, for instance, as for the sepaiation of silver 
from copper, or copper from iron. When 0 pure 
material has been prepared the further chemical 
treatment of which fails to produce any variation ^ 
in the atomic weight of the element, or in the 
depth of colour of the oxide, or iu the intensity 
of any of the bands in the absorption-spectrum 
of the salts, it is assumed that the material is of 
a homogeneous character. But in preparing 
one particular earth it has been customary to 
select Bome mincial in which it predominates, 
and to purify the earth from all the others that 
contaminate it in small quantity. Even then 
only in one or two instances can it be asserted 
that the oxide is pure ; in fact theoretical con- 
siderations show that to obtain % pure material ; 
by the methods employed is an impossibility. ! 
For example, samaria, which is undoubtedly a 
white oxide, is invariably tinted pale yellow be- 
cause of a trace of adhering decipia, and the tint 
may be diminished in depth by numberless repe- 
titions of fractional precipitation ; so also yttria ‘ 
is tinted pale yellow by A trace of terbia, al- 
though Gleve in one instance obtained a small 
quantity of a pure white colour ; gadolina, doubt- 
less a white oxide, has a pale yellow colour due 
to a trace of decipia ; lanthana, a white oxide, 
can only with great difficulty be obtained free 


from the last traces of praseodymia which oolouri 
it grey, although the absorption-spectrum shows 
no evidence of its presence. Inversely it may be 
assumed that thole oxides which are coloured are 
more or less contaminated by the colourless ones, 
as terbia with yttria, decipia with gadolina andsa- 
maria, praseodymia with laathana,anderbiawith 
ytterbia and scandia. The chemical history of 
the earths indicates the above method of proceed- 
ing to be fallacious, and would seem to show 
that the only alternative is to isolate the same 
oxide from a number of different sources, and to 
examine if there are any differences in the phy- 
sical characters of the different specimens ; such 
as in the raolecularweiglits, the depth of colour of 
the oxides, or in the intensity of the bands of 
the absorption-spectra. The advisability of this 
method is evident ; for it is highly probable that 
two closely allied eletuents may exist in one 
mineral in such quantity as to make it appear 
to be a Ifomogeneous substance, while the same 
material isolated from a different source by the 
same chemical methods may consist of the two 
oxides in such a totally different ratio as to show 
its complex character by discrepancies in the 
molecular weights, colour of the oxides, or the 
intensity of the bands in the absorption-spectra. 
This has indeed been found to be the case in 
several instances ; yttria was usually considered 
to have a pale yellow colour, and this oxide and 
erbia were the only two oxides which Bunsen and 
Bahr, as well as Cl^ve, could isolate from gado- 
Unite, although Mosander had recorded the exist- 
ence of a yellow or orange-cobured oxide, asso- 
ciated with these two, which he named terbia. 
In examining the yttria mineral samankite 
found in North Carolina, L. Smith and Delafon- 
taine observed that the yttria had a much deeper 
yellow tint than was usually ascribed to it when 
extracted from gadolinite, and these chemists 
ultimately succeeded in separating the orange- 
coloured oxide terbia from the white yttria. More 
recently De Boisbaudran, examining terbia from 
different sources, consider himself justiffed in 
asserting tho existence of a number of oxidei 
having an orange colour, showing no absorption, 
spectrum, but differing in molecular weights. As 
another instance : tho salts of didymia obtained 
from cerite show a very charactoriatio absorp- 
tion-spectrum ; Delafontaine, when examining 
the spectrum of the didymia from samarskite, ob- 
served that the bands in the blue region of the 
spectrum differed from those shown by the didy- 
mia from cerite ; and De Boisbaudran, working 
upon this material from samarskite, eliminated 
the oxide of the element giving the blue bands and 
gave the element the name samarium. The great 
preponderance of didymia over samaria in cerite 
had previously mask^ the oxistenceof the latter, 
whereas in samarskite is relatively abun 

dant compared with didymia, and shows itspre* 
sence at once by the absorption-spectrum, Ma- 
rignac again, in examining erbia, discovered that 
by many repetition^of the process of fractional 
’decomposition of the nitrate by fusion, the pink 
material yielded a more easily decomposable salt 
of a white colour, and named the oxide ytterbia ; 
and Nilson, preparing this white oxide ytterbia 
from erbia, found that the molecular weight dif- 
fered from Marignac’s material, and this he ulti- 
mately found to be due to the presence of anoibar 
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7hit6 oxide whose nitrate is more readily decom- 
)osed by heat than ytterbia ; this white oxide Nil- 
lon has called soandia. Ol^ve, studying the ab- 
lorption-speotra of different Actions of erbia, 
concluded that this oxide is really a mixture of 
hree, the true erbia, and two others which he has 
tailed holmia and thulia. Holmia has been ex- 
imined by De Boisbaudran (0. B. 102, 1003) by 
iractional ppn. of the sulphate by alcohol ; it ap- 
pears to consist of two oxides, holmia, and one 
which he names dysprosia, both showing absorp- 
tion-spectra. Finally, the most striking discovery 
relating to the earths is that made by Von Wels- 
bach {M, 6, 608). This chemist has found that by 
crystallising a mixture of the nitrates of didy- 
mium, lanthanum, and ammonium in an acid 
medium, certain double salts are formed, the frac- 
tional crystallisation of which, repeated several 
hundred times, results in the sepaiation of didy- 
mium into two elements, one forming green- 
coloured salts, hence n&med praseodyt)iium, and 
the other forming salts of an amethyst colour ; 
this second element Von Welsbach calls neody- 
mium ; these elements show absorption-spectra 
of a totally different character. This is a most re- 
markable discovery when it is considered how 
much labour Cliive and others liave given to the 
preparation of pure didymia and its salts by frac- 
tional ppn. without apparently observing any 
facta to indicate its complex character ; and more 
particularly as one constituent gives green- 
coloured salts, whereas didymiura salts have 
always been recorded as possessing a red or pink 
colour (v. Dldymium, p. 383). 

The foregoing facts show how necessary it 
is to isolate a particular earth from suveial 
minerals which contain it in large as well as 
small quantity, before it can be Ubserted to be a 
homogeneous body ; and when several specimens 
have been obtained, the absorption-spectra, the 
atomic weights of the elements in each, and the 
depth of tint of the oxides, must agree in all the 
specimens. Kriiss and Nilson {B. 20, 2131) have 
worked upon several minerals, and in particular 
upon large quantities of Fergusonite, and from a 
study of the absorption-spectra of various solu- 
tions they conclude that samarium, erbium, 
neodymium, praseodymium, and other bodies 
showing absorption-spectra and considered to be 
elementary, are in reality of a complex character 
and consist each of a large number of elements. 
This result is arrived at judging only by the 
variations in intensity of the absoriition-bands, 
but it would be premature to attach much weight 
to the assertions of these chemists until fairly 
pare specimens of the various bodies have been 
isolated from the several sources, for it is not 
improbable that in a mixture of a large number 
of elements, the absorption-bands of one may 
influence the intensity of those of another. 

The following list of elements comprises the 
metals of those earths which have as yet been 
prepared in a fairly pure state, although a few 
are, as aforesaid, looked uflon by some chemists 
as mixtures of several earths. * 


AJaminium 

Yttrium 

Lanthanum 

Beryllium 

Erbium 

Neodymium 

Zirconium 

Terbium 

Praseodymium 

Thorium 

Holmium 

Samarium 

Scandium 

Dysprosium 

Cerium 

Ytterbiom 

Thulium 

Decipium 

Gadolinium. 


Those elements whose salts show absorption* 
spectra are erbium, holmium, dysprosium, thu- 
lium, neodymium, praseodymium, and samarium. 
The oxides are all white, with the exception of 
erbia which is pmk ; holmia and thulia, pink f?) ; 
d^cipia, orange ; neodymia, blue (VonWolsbach) ; 
praseodymia, dark brown; ceria, pale yellow; 
gadolina, white (pale yellow, Marignac) ; terbia, 
orange. 

Tlio chemical methods for effecting the indi- 
vidual separation of the earths are either by frac- 
tional fusion of the nitrates, or fractional ppn. 
with dilute ammonia; those oxides which are 
ppd. by (ti. post) are all much more basic 

tlian those not so ppd., and the order of basicity 
of the two groups is as follows, beginning with 
the most basic (assuming the existence of the 
bodies enumerated as distinct earths) - 
La > Prd > Nd > Sm > Gd > Dp ; 
and for thu yttiia group, 

y>Tb>KrHoTm>Yb>Sc. 

An oxide is regarded as more or less basic than 
another according as it is dis])laced from its salts 
with more or less difliculty than the other oxide. 
The relative basicities of two oxides are deter- 
mined by fractionally ppg. a solution containing 
salts of both oxides. Thus if an insufficiency of 
a pptant. is added to a mixtuio of two earths in 
A 

solution in the ratio -, and the pp. contains the 

earths in the ratio then A is said to be more or 
b 


less basic than B according as the ratio 


<or> 


A. 

ii’ 


the less basic earth yields more easily 


to the pptant., the more basic resists its action 


more. 


In the corite earths, decipia, being the least 
basic, accumulates in the first pps.and lanthaiia 
remains in solution ; while in the yttria group, 
scandia and yttria stand at the two eltremes. 
The oxides ceria, thoria, zirconia, and beryllia, 
as well as alumina, are easily separated by 
methods other than fractional ppn. or fusion. 

The sources from which the earths are ob- 


tained are few. The best known mineral con- 


taining these oxides, and apparently the most 
abundant, is cerite, which consists largely of 
ceria, with about 15 p.c. of lanthana, praseo- 
dymia, and neodymia ; the amount of samaria 
and decipia is small, being about three-tentlis 
p.c. ; gadolina only a trace ; and there is generally 
a small quantity of the yttria group of earths. 
Gadolinite and cuxenite are each rich in yttria, 
erbia, holmia, with a small quantity of ytterbia 
and scandia ; while aajparskite appears to be the 
most abundai^t source of terbia, samaria, and 
gadolina, together with much yttria. 

Sbpabation of the Earths. — Before attempt- 
ing to isolate the earths individually, they are 
first separated as completely as possible from the 
heavy metals and the alkaline earths, and from 
niobio, tantalic, and titanic acids ; fusing the 
finely ground mineial, should it be a niobate or 
tantalate, with KHSO^, and digesting with water, 
will leave NbjOj and TajOj insoluble ; if the 
mineral is a silicate, like cerite or gadoUnitet 
HClAq or H^SO^Aq may be employed to decom- 
pose it. The Gu, Bi, d;o., in the solution arc 
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\>7 ammonio oxalate U added ; if 1 

the oxalate is in large excess the filtrate will 
contain the zirconia as well as boryllia and 
alumina. The mixed oxalates are well washed, 1 
dried, and strongly heated, and the oxides thus 
formed are dissolved in JIClAq ; the evolution of • 
Cl indicates the presence of CeO^; if the heating ' 
has been too intense, ZrOj and ThO, remain in- 
soluble The solution is ppd. by ammonia, and 
boiled to separate CaO, BaO, and SrO ; the pp. 
is rediasolved, ppd. by oxalic acid, and the 
oxalates are heated. The colour of the strongly 
heated material will now give some indication of 
its character. It is invariably of a deep brown 
or pale yellow colour i the former indicates the 
presence of much didymia (neodymia and 
praseodymia), and the latter tint indicates terbia, 
decipia, or ceria ; the colouring materials didy- 
raia, terbia, and decipia appear to be peroxides 
which are reduced and become white, or green- 
ish white, when gently heated in a reducing 
atmosphere. 

The oxides are dissolved in nitric acid ; the 
solution is mixed with three or four times the 
weight of the oxides of sodic nitrate, evaporated 
to dryness, and the residue is subjected to gentle 
fusion to decompose the ceric, thoric, and 
zirconic nitrates, should these bodies bo present ; 
water is added and the liquid is filtered. The 
spectroscope will now readily reveal the presence 
of didymia, erbia, and such other earths as show 
absorption bands; the bands of samarianre very 
faint and a somewhat cone, solution is reciuired. 

The next step in the separation of the 
earths is to divide them into two groups by ppg. 
the solution, either as chlorides, nitrates, or 
sulphates, by K^SO^. To the nearly neutral 
solution more than suHicient K,_;SO, is added in 
fine powder to saturate the liquid, which is then 
allowed to stand some hours with occasional 
agitation ; the pp. that forms is liltcred off and 
washed aoveral times with a saturated solution 
of K.SO^, the operations being done cold. The 
pp. and solution now contain the following 
elements: — 

Precipitate. 

Di, La, Cc, Sm, Dp, Th, Zr, Gd; 

' Filtrate. 

Y, Yb, Er, Ho, Tin, Tb, Sc. 

The pp. of Gd-salt is slightly soluble in a satu- 
rated solution of K.^SO^,but for the other elements 
the separation is practically perfect (v. post). 
Both pp. and filtrate are decomposed with caustic 
soda, the pps. are well washed till free from 
sulphates, and both are rodissolved separately 
in HNOsAq ; if much Ce, Sr, or Th is suspected, 
the pp. from the solution is again fused with 
Bodio nitrate as before. 

The earths Di^^Og, La^O,, Ac., are separated 
from each other by fractional ppn. of their 
nitrates by cold dilute ammonia : to the dilute 
neutral solution sufficient ammonia is added to 
ppt. a considerable portion of the whole, say 
about nine-tenths; the pp.* is filtered off, re- 
dissolved in nitrio aoid, and again ppd. in about 
the same proportion as before, the operation 
being repeated upon each pp. till about only 
one-tenth of the original material remains. All 
the filtrates are put together, and the operations 


are repeated aa before, and the final email pp. 
added to the previous one. The success of this 
method of operating depends upon the slight 
differences between the basicities of the various 
earths, the least basic tending to be ppd. first, 
and the most basic to remain in solution. The 
basic powers are, in order of increasing magnitude 
Dp<CGd<^Sm<NdPrd<^La; therefore the La20, 
tends to accumulate in the filtrates, and the 
Dp.Ps, GdjOj and Sin.Pg in the pps. The ab- 
sorption-spectrum will show that the intensity of 
the Nd^, and Prd^Og bands becomes less, and 
the colour of the oxide obtained by heating the 
oxalate becomes more nearly white, in the first 
filtrates as the process is repeated ; the least 
basic material will do the same, inasmuch as 
Gd^Og and SmjOj are white and Dp^O, is orange 
yellow, whereas the intermediate fractions rich 
in NdjOg and Prd.^Og give very strong absorption ■ 
bands, and the strongly heated oxalates are of a 
deep coffee*-brown colour. The difference between 
the basicity of La^O, and the other earths is 
much greater than that between any of the other 
two consecutive earths of the series, as Dp-Gd, 
Gd-Sm, Sm-NdPrd, so that the purification 
of LaD., is easy compared with the labour re- 
quiredfor the separation of the others. Assuming 
that the less basic material is obtained free 
from Nd^O, and Prd20s,as shown by the spectre- 
scope, fractional pptn. is repeated on the material 
till the filtrates give an oxide of a wliite colour 
consisting of Sra.O, and Gd203, which are 
separated from each other by taking advantage 
of the greater solubility of the double sulphate 
of gadolinium and potassium in a cone, solu- 
tion of K2SO,. 

Another method of conducting the separation 
of the earths consists in using a number of flasks 
in series, the central one being marked ‘ 0,’ those 
to the right marked -fl, + 2 , + 3 , Ac., and those 
to the lett - 1 , - 2 , - 3 , Ac. The solution to be 
fractionated is placed in the central flask marked 
‘ 0,’ and about one-half of the material is ppd. ; 
the pp. is dissolved and plated in —1, and the 
filtrate is placed in -l-l. One half of —1 is 
ppd., the pp. is dissolved and put into —2, and 
the filtrate into 0; one half of +1 is thrown 
down, the pp. is dissolved and placed in 0, and 
tlio filtrate is put into + 2 . In this way the 
operations are repeated till the +n flask contains 
the most basic earths, and the —n flask the least 
basic. 

The earths not ppd. by K2SO4, consisting of 
Y20„Er.,0g,Tb,.0„ Ao.,are converted into nitrates 
and are treated by either of two methods — 
(1) by fusing the nitrates, or (2) by fractional 
ppn. with dilute ammonia. Tne first method 
would seem to be the more successful, as by its 
use Boandia, ytterbia, holmia, thulia, and erbia 
have been isolated. The basicities of the earths 
being in the order Sc<CYb<:^Er Ho Sm^Tb<Y, 
the nitrate of scandia tends to decompose at a 
lower heat and more readily than the ytterbia 
Bfilt, the latter decomposes before erbia, holmia, 
Ac., and these decompose more readily than 
yttrio nitrate. Hence, if the fusion has been 
carried nearly to complete decomposition, the 
fused mass when treated with water will give a 
solution rich in yttria and terbia, and containing 
little or no scandia and ytterbia. The insoluble 
material is redissolved in nitrio aoid, and again 
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Bnbjeoted to fusion as before ; the fused mass is 
treated with water and filtered, the operations 
being repeated very many times, as in fractional 
ppn. 

The methods given above for separating the 
earths may be somewhat modified according as • 
one or other of the elements preponderates. In 
working with the oerite earths the material, as 
nitrates, is first mixed with sodic nitrate, and 
subjected to the process of fusion to decompose 
the very large amount of ceric nitrate present ; 
as the amount of the yttria earths in cerite is 
smi^, the solution from the insoluble ceric oxide 
may at once be treated by fractional ppn.; the 
yttria earths, being very much less basic than 
LajOj or Dip,, collect completely with the Smp, 
in the first fractions, when this portion is then 
separated by K^SO^. Again, in such minerals as 
gadolinite or samarskite, the amount of the cerite 
earths being small, fractional ppn. or fusion may 
be at once resorted to with the nitrates, and the 
most basic portions, containing all the La, Di, 
Sm, &o., may be finally treated with K^SO^. 

Several methods of limited application are 
suitable lor the separation of a few of the earths; 
didymia, containing a trace of lanthana, may be 
purified by ppn. in a strongly acid solution 
(HNO,) with oxalic acid,lanthanic oxalate being 
much more soluble than the didymic salt ; the 
same process may be employed for separating 
yttria from terbia, the oxalate of the former 
being the more soluble ; or this separation may 
be effected by dissolving the oxides in formic acid, 
and crystallising, the teibic formate being the 
less soluble. Small quantities of cerium are 
easily separated by ppg. with largo excess of 
Boda, and passing chlorine through the liquid, 
which leaves the CeOj insoluble. 

The distinguishing characteristics of the ele- 
ments scandium, ytterbium, and yttrium are their 
widely different atomic weights, different spark- 
spectra, and the slight differences in basicities, 
these being in the order Sc<Yb<Y. Erbia, 
holmia, and thulia are recognised by the bands 
in their absorption-spectra ; decipia and terbia 
both give orange-coloured oxides, but differ 
in the fact that the former is ppd. by K^SO^ as 
a double sulphate, while the latter is not so ppd.; 
gadolina and samaria, two closely-allied earths, 
differ also in the solubility of their double sul- 
phates with KjSO^ in a cone, solution of this 
salt, and the former gives no absorption- 


spectrum. 

The earths, known as rare, resemble alumina 
in being ppd. by ammonia, insoluble in excess, 
but differ from alumina in being insoluble in 
excess of soda or potash; they likewise resemble 
CaO, SrO, and BaO in forming, with the excep- 
tion of ZrOj, oxalates which are insoluble in 
water and oxalic acid or ammonium oxalate, but 
are slightly soluble in acids ; ThO^ and ZrO, are 
ppd., Hke AljOj, by sodium thiosulphate. The 
oxides of the oerite and yttria groups are all as- 
gnmed to have the formula M^Og ; most of tlv)m 
form higher oxides by ppg. with ammonia in pre- 
. senceofl^Oa. Our knowledge of the rare earths 
is yet very incomplete. H. 

EABTHS, METALS OF THE. The term 
is one of those words which perpetuate 
the connexion of chemistry with alchemy. The 
meaning given to the term at different periods 


marks the change from the vague conceptions of 
the earlier times to the more precise knowledge 
regarding composition and properties which be- 
longs to modem chemistry. Earth was one of 
the four alchemical essences or elements. In 
later times the term was applied to all bodies 
which were insoluble in water and not changed 
by heat. ‘ Terra est corpus fossile,’ says Boor- 
have, in his Elementa ChemicB (1732), ‘ simplex, 
durum, friabile, in igne fixum, in igne non 
fluens, in kqua, alcohole, oleo, aere dissolvi non 
potens.’ As investigation advanced, a separation 
was made between bodies which had many pro- 
perties of earths and yet were soluble in water— 
these were called the alkaline earths — and bodies 
which were not dissolved by water. Silica, 
alumina, gypsum, and ferric oxide, were taken to 
be the typical earths. Lavoisier’s demonstration 
of the change which occurs when a metal is 
burnt suggested that many earths might be 
oxides of metals ; Davy’s discovery of sodium 
and potassium marked a further step in the 
acquisition of accurate knowledge of the compo- 
sition of earths; and the labours of Berzelius 
and his followers completed the work which the 
alchemists began. 

The earths are the oxides of certain metals; 
these oxides are all insoluble, or only slightly 
soluble, in water; the oxides are reduced to 
metals with difficulty. There is still difference 
of opinion as to the list of metals whose oxides 
are to be included in the class of earths, but the 
matter is not one of great importance. The 
term is used in the present article only for con- 
venience of classing together a number of ele- 
ments which show distinct analogies. The 
metals Al, Ga, In, Sc, Y, La, and Yb resemble 
each other in so many respects that it is advi- 
sable to place them in the same class ; thallium 
also shows distinct analogies with Al, Ga, and 
In ; and the eight elements mentioned more or 
less resemble the non-metallic element, boron. 

These nine elements form Group III. in the 
periodic classification of the elements. This 
group is divided as follows : — 

Group ILL 

Even series 

2 4 6 8 10 12 

B (11) Sc (44) Y (89) La (139) Yb (173) ~ 
Odd series 

3 5 7 9 11 

Al(27) Ga(G9-9)Ia(114) - Tl(204) 

These elements are all metallic except boron; 
scandium and ytterbium have not been isolated; 
some of the properties of those metals of this 
group which have been isolated are presented in 
the table on the nex?t page. 

Chemiced properties. — The earth-metals de- 
compose water, some of them at ordinary tem- 
peratures, e.g. Y and La, others at 100^^, e.g. Al, 
and others only at red heat, e.g. Tl. They are 
all oxidised when heated in oxygen, Al and Ga 
not at all readily; Tl is oxidised even by ex- 
poaure to air. The metals combine directly with 
the halogens to ftrm compounds MX,, and Tl 
forms also the gasifiable chloride TlCl. 

The well-marked oxides of the metals we are 
considering belong to the form M-P„ but Tl also 
forms the very charaoteristio oxide Tlj,0; the 
oxides M,Pa are basic, T1..0 is distinctly alka- 
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ALniioriuM 

GXZXIUM 

YtTBIDM I 

IKDIUH 

Lakthaitcu 

Thaluuii 

2703 

69*9 

89‘6 

113'4 

1 138'5 ' 

203-64 


ui muio winpounuBoi eaon element, except 1 and La, have been gasified; 
Bpecifio heats have been directly determined, except for Y. Molecular weights 
unknown. 


ifomto 

wfiights 


Melting 

jpoints 

Specific 

gravities 

(approx.) 

Specific 

heats 

Occurrence 
and prepa- 
ration 


Physical 

properties 


700° 

2-G 


•2^ 

Very widely 
distributed, 
chiefly as 
silicate. Ob- 
tained by 
reducing 
Al.Cl,.2NaCl 
by iNa 


Tin - white, 
fairly hard, 
very mal- 
leable and 
ductile, very 
sonorous. 


30° 

6-1 


•08 

In very small 
quantities, 
as sulphide, 
in some zinc 
blendes. 
Obtained by 
electrolysing 
alkaline so- 
lution of the 
sulphate. 


Silver-white, 
fairly hard, 
rather brit- 
tle, very low 
melting- 
point. 


(?) 

(?) 

(?) 

With Sc, Yb, 
La, <&c., as 
silicate in a 
few rare 
Swedish 
minerals. 
Obtained 
by reducing 
Y.,Cle.2NaCl 
by Na,or by 
electrolysis. 


Greyish-pow- 
der (little in- 
vestigated). 


170° 

7-3 


•057 I 

In viM-y small 
quantities, 
as sulphide, 
in ^ome zinc 
ores. Ob- 
tained by 
reducing 
oxide by C 
or H, or ppg. 
solutions of 
salts by Zn. 


White, very 
soft, lus- 
trous. 


(?) 

C-2 


•047 

With,Y,Yb, 
Co, &c., as 
silicate in 
a few rare 
Swedish 
minerals. 
Obtained 
by reducing 
LaLl^byK, 
or by elec- 
trolysing 
molten 
La,Cl,.2NaCl. 


White -grey, 
fairly hard, 
and ductile. 


285° 

11-9 


•034 

In small 
quantities, 
chiefly as se- 
lenide, fair- 
ly widely 
distributed. 
Obtained by 
electrolysis 
of salts in 
solution ; by 
ppn. by A1 
or Zn ; or 
by reducing 
oxide by 
KCN or C. 

Very lus- 
trous, mal- 
leability and 
ductility 
small, very 
soft.- 


line, forming the hydroxide TlOH, which is un- 
doubtedly to be classed with the alkalis. The 
most clmracteristic salts of the metals of the 
earths belong to the form M^3X, where X = SO,, 
SOs, COs, 2NO3, 20103, irO^, &c. ; T1 also forms 
very characteristic salts, TljX, closely resembling 
those of the alkali metals. The sulphates | 
M.^SSO^ of the odd-series members of the group, 
except Tl, i.e. the sulphates of Al, Ga, and In, 
combine with alkali sulphates to form alums 
Mj, 3S0*.X3S04.24H30, where M = Al, Ga, or In, 
and X = alkali metal usually K or NH<; thal- 
loua sulphate TljSO^ forms an alum in which 
it takes the place of the alkali sulphate 
(A1 j 380^.T1.^S0<.24H30). In the three elements, 
Al, Ga, In, the tendency to form more than one 
chloride increases as the atomic weight in- 
creases, and also the tendency of the chloride 
MjClj CO dissociate into id Cl, increases as the 
atomic weight increases. Al, Ga, ahd Y dissolve 
in EOHAq with evolution of H ; in this respect 
they show analogies with some of the non-metals. 
Tl appears to form an oxide TIO3, and this oxide 
seems to be acidic. The chlorides AICI3, GaCl,, 
and InOl, exist as gases at very high tempera- 
tures ; there is evidence of tl\p existence as gases 
of GaOlj and InCL, and possibly of InCl ; TlOl 
has been gasified, but TlCl, is known only as a 
solid. These data seem to indicate that the 
atoms of the earth-metals are trivalent, and per- 
haps also divalent, in gaseous molecules. 

The investigation of the earth-metals is yet 


very incomplete; so far as facts are available 
one may say that Al, Ga, and In are very closely 
related, that Sc, Y, La, and Yb form another 
family, and that Tl shows relations with the Al 
family, but is also most distinctly analogous to 
the alkali metals on one hand and lead on the 
other hand. Boron, which is the non-metallio 
member of Group III., has already been con- 
sidered (v. vol. i. p. 524). M. M. P. M. 

ECBOLINE V. Eugotinime. 

ECGONINE C^H^NOs i.e, 
C,NH,Me.CH(OH).CH3.CO.,H. tityovos, offshoot. 
Tetrahydride of Tctrahydro-fi-oxy-methyl' 
fi-pyridyl-propionio add, [198°]. Obtained, 
together with benzoic acid and MeOH, by heat- 
ing cocaine (C3NH,Me.CH(OBz).CH.,.CO,Me) 
with HCi at 100° (Wohler, A. 121, 372 ; Lessen, 
A. 133, 351). Boiling baryta, acting on coc^e, 
forms not only eegoniue but also ‘ isotropine ’ 
C,H,3N0 (Calmels a. Gossin, C. if. 100, 1143). 
Monoclinio prisms (containing aq) (from alco- 
hol) ; a:6:c - -8136:1: -6277 ; iS = 87° 8'. V. si. sol. 
water, m. sol. alcohol, insol. ether. 

• Reactions.— I, The product obtained by heat- 
ing with Mel gives, after warming vlrith silver 
chloride and Ag, amethylo-chloride, whence 
(C,H,.N03MeCl)3PtCh may be obtained (Gintl a. 
Storch, M. 8, 78).— 2. Oxidation with KMnO* 
gives succinic acid (Einhorn,J5.21,50).— 8. Heat- 
ing with HjSO^ forms an anhydride (?), whose 
barium saltC,3H,jBBaN30jia crystalline (Calmels 
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a. Gossin, C, JR. 100, 1143). — 4. Distillation witii 
BaO gives methylamine. 

Salts. — ^B'jH^tCL ; [226°] ; yellow powder, 
extremely sol. water, si. sol. alcohol. When its 
solution is heated there is formed B'jPtOl, as 
yellowish needles, v. sol. water, nearly insol. 
alcohol (0. a. G.).-~B'HC1. [246°]. SI. sol.' 

alcohol (Liebermann, B.*21, 2361). 

Bentoyl derivative C^Hi.OjNBz. [189°]. 
(M.) ; [192°] (S.) ; [195°] (L. a. G.). Formed 
as a by-product in the preparation of cocaine 
(Merck, B. 18, 1594). Formed also by boiling 
coca'me with water for several hours (Einhorn, 
B. 21, 47). Also from eogonine and Bz^O (Lie- 
bermann a. Giesel, B. 21, 3196). Flat colour- 
less prisms ; sol. water and alcohol, nearly insol. 
ether. Crystallises also in prisms containing 
4aq [92°] and [140°]. Decomposed by HCl into 
benzoic acid and eogonine. Partially converted 
by Mel, dissolved in MeOH in presence of alkali 
into cocaine, although the greater paS.t is simply 
resolved into benzoic acid and ecgonine (Skraup, 
M. 6, 656 ; c/. Merck, B. 18, 2204). In tne same 
way, by heating benzoyl-ecgonine with alkyl 
iodides, the following homologues of cocaine 
may be prepared, ethyl-benzoyl-ecgonine 
OjaHisEtNO^ : [108°]; monoclinic prisms; 

propyl-benzoyl -ecgonine CieHjgPrNO, 
[79°]; and isobutyl-benzoyl-ecgonine 
C„H,8(CH,Fr)NO, [62°] (Novy, Ph. [3] 18, 233). 
According to Einhorn (B. 21, 3443) the first of 
these homologues of cocaine is a liquid and the 
second a solid [58°]. 

Salt of Benzoyl-ecgonine B'HAuCl^: 
sparingly soluble golden leaflets. 

Anhydro-ecgonine OjHuNOj i.e. 
CjNHjMe.CHiCH.COjH [235°]. Formed by the 
action of PCl^ (Merck, B, 19, 3002) or POClj 
(Einhorn, B. 20, 1221) on ecgonine. Crystals, 
v. sol. water and alcohol, almost insol. other 
solvents. With Br it forms CflHjgBrjjNO.^, whose 
hydrochloride CjHuBr.^NOjHCl melts at 184°. It 
forms a perbromide [166°]. 

Salts.— B'HClt [241°].-B',H,PtCl,. [223°]. 
— B'HAuCl,.— B'HI, [186°].-B'HBr [155°]. 

Ethyl CgHijEtNO,. Oil. Forms 

a hydrochloride [244°].— B'H^tCl^ [211°]. 

BOHICERIN t;. Dita Bake. 

ECHITIH V. Dita Bake. 

ECHITENINE v. Dita Bark. 

EFFLOBESCENCE. The formation of a loose 
powdery deposit on the surface of a solid body is 
termed effl^escence. Some hydrated salts lose 
water of crystallisation by exposure to the air, 
and the surface becomes covered with a deposit 
of the dehydrated salt; crystalsof Na^COj.lOIIjO, 
for instance, effloresce in this way, the surface 
becoming NajCOj.SHjO. If a porous body is 
filled with a salt solution, the solution will be 
drawn by capillary action to the surface of the 
solid, and if the body in solution crystallises on 
the surface of the solid the phenomenon is called 
efidorescence ; thus, the formation of nitre on 
the surface of the soil, 9t of sodium carbonate 
on walls, is an example of efflorescence. Q^e 
term is also applied to the creeping of a solution 
up the sides of a vessel and deposition of the 
dissolved body; thus, if a solution of salam- 
moniac is exposed to the air^ crystals are formed 
where the surface of the liquid touches the sides 
of t^ vessel ; the liquid then rises, by capillary 


action, between these crystals, and more crystals 
are formed above the first layer, and so on. 

M. M. P. M 

£08 ALBUMEN v. Pboteids. 

EICOSANE V. loosANB. 

ELJIOMAROABIC ACID [48°J. 

Occurs as glyceride in the oil from the seeds of 
Ekeococca Vemicia (Cloez, C. E. 81, 469 ; 82, 
501 ; 83, 943). Trimetrio tables v. e. sol. ether. 
Absorbs oxygen from the air, becoming resinous. 
Sunlight converts the oil of Elieococca into a 
solid fat, which on saponification gives elaeo- 
stearic acid [72°]. 

ELiEOFTENE. The portion of a natural 
essential oil that does not readily solidify. 

ELAIDIC ACID. The solid polymeride ob- 
tained by the action of nitrous acid on Oleic 

ACID {q.v.). 

ELAIDIN. The solid polymeride of Olein, 

V. OlEIO ACID. 

ELASTIN V. Pkotkids, Appendix G. 

ELATEEIN O.^H.^^O^. Occurs in the spurting 
cucumber {Momordica Elaterium) (Zwenger, A. 
43,369 ; Morrus, A. 2, 366 ; Power, Ph. [3] 6, 645). 
Hexagonal tables, insol. water, si. sol. ether, v. 
sol. alcohol. Purgative. Gives a carmine colour 
with phenol and H^SO^ (Lindo, Fr. 17, 600 ; cf. 
Johannson, Fr. 24, 156). 

ELECTBOLTSIS. The separation of a com- 
pound into parts effected by the passage of an 
electric current. A compound which is decom- 
posed by the passage through it of an electric 
current is called an electrolyte ; the parts into 
which it is separated are called the ions. When 
different electrolytes are decomposed by a cur- 
rent, the masses of the ions which carry with 
them equal quantities of electricity are in the 
proportion of the chemical equivalents of these 
ions. Conversely the masses of several ions 
which are chemically equivalent produce equal 
quantities of electricity by their combination 
with other ions ; thus, suppose 32'7^ grams of 
zinc were dissolved in sulphuric acid,* 28 grams 
of iron in hydrochloric acid, and 9 grams of 
aluminium in potash, the quantity of electricity 
set in motion by each action would bo the same. 
The electricity behaves as if it were divided into 
atoms, one of which is attached to each mono- 
valent ion, two to each divalent ion, and so on. 

In some cases electrolysis proceeds as if the 
mass of the electrolyte expressed by its chemical 
formula were being separated into ions; in 
other cases the action proceeds as if the mass of 
electrolyte decomposed by the current were a 
multiple of that expressed by the formula. 
There are some binary compounds which are 
not electrolytes, but which undergo electrolysis 
when mixed with other compounds that also are 
not themselyes electrolytes. The application of 
the facts of electrolysis to chemical processes 
will be dealt with in the art. Physical methods. 

M. M. P. M. 

ELECTBONEOATIVE and ELECTBOPOSI- 
TIVE. When a binary salt is electrolysed into 
its elements, one of the elements separates at 
the negative electiode and the other at the posi* 
tive electrode ; the former element is said to be 
electropositive towards the latter. An element 
may be electropositive towards another element 
and at the same time electronegative towards a 
third element; thus in the electrolysis of a 
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metallio ^phide the sulphur will separate at 
the positive eleotrode, but in the eleotrolysis of 
sulphur chloride the sulphur separates at the 
negative electrode ; sulphur is negative towards 
metals but positive towards chlorine. The terms 
electropositive and negative are used in che- 
mistry as practically synonymous with the terms 
basylous and chlorous. The classification of 
elements into positive and negative is of use, 
inasmuch as with this property a number of 
others are associated; thus, if we kqow that 
an element is positive to many others wo con- 
clude that its chemical properties are those 
characteristic of metals; if, on the other hand, 
the element is negative to a number of metals, 
we conclude that its olidcs will be acidic, that 
it will not form salts by replacing the hydrogen 
of acids, that it will possibly form a hydride, 
and that generally it will be characterised by 
non-metallic properties. M. M. P. M. 

ELEMENTS. Although the notion of an 
element or elementary body is one of the re- 
motest antiquity, it has reached its present form 
by a process of slow growth. The Aristotelian 
elements-- earth, water, air, and fire— represented 
properties or conditions rather than actual sub- 
stances ; and the same may be said of the al- 
chemical elements— salt, sulphur, and mercury. 
A very casual review of the older chemical 
writings will show that these conceptions were 
scholastic rather than scientific, and yet they 
served their purpose in a primitive way and 
aided to some extent in the classification of 
material things. In a strictly chemical sense, 
the modern idea of an element, together with its 
implied distinction between elementary and com- 
pound bodies, seems to have originated with 
Boyle, who, in his Sceptical Chynmt and other 
essays, vigorously combated the earlier notions. 
He taught that such substances were to be re- 
garded as elementary as were not capable of 
further separation, and which, being obtainable 
from compounds, could yield like compounds 
again. Such elements, however, he did not 
specifically define, nor did he assign any positive 
limit to their number. 

From this point the conception of chemical 
elements slowly developed, changing as the re- 
sources of analysis changed, becoming more 
definite with the introduction of quantitative 
methods into chemistry, until with the decom- 
position of the alkalis and alkaline earths by 
Davy, and the discovery of the true nature of 
chlorine, it crystallised into its present form. 
To-day the myriads of known substances are all 
capable of ultimate analysis, and they are re- 
duced at last to about sixty-nine or seventy simple 
bodies, which resist all effort of the analyst to 
decompose them further. These single bodies, 
or elements, are as follows : — 


Mercury 

Bubidium 

Terbium 

Molybdenum 

Buthenium 

Thallium 

Nickel 

Samarium 

Thorium 

Niobium 

Scandium 

Tin 

Nitrogen 

Selenion 

Titanium 

Osmium 

Silicon 

Tungsten 

Oxygen 

Silver 

Uranium 

Palladium 

Sodium * 

Vanadium 

Phosphorus 

Strontium 

Ytterbium 

Platinum 

Sulphur 

Tantalum 

Yttrium 

Potassium 

Zinc 

Ehodium 

Tellurium 

Zirconium 


To these may perhaps be added a few which 
are still doubtful, such as norwegium, holmiura, 
thulium, &c., and some which are but dimly 
recognised as present in the cerite and gadolinite 
earths. It is also probable that some of those 
in the list are really not elementary substances, 
e.g. didymium. 

Upon comparison, these elements are found to 
fall into well* marked natural groups, the mem- 
bers of each group showing close kinship, both 
as regards themselves and their compounds. At 
first the classification of tlie elements was super- 
ficial and tentative, being based upon partial 
resemblances; and oven the broad division of 
them into metals and non-metals was far from 
being satisfactory. To the earlier chemists 
nitrogen and bismuth had nothing in common, 
carbon and tin were totally unlike, while vana- 
dium and chromium were classed together, and 
so too were tellurium and antimony. But by 
means of the hypothesis of valency a clearer 
insight was gained into the true relationships of 
the elements, and in the announcement of the 
periodic law {g.v.) by Newland, Mendelejel'f, and 
Lothar Meyer, their orderly sequence was at last 
definitely perceived. To-day all classification of 
the elements is based primarily upon that law, 
and illustrates chemical function rather than 
external properties. The former is fundamental, 
the latter are hut secondary. Furthermore, in 
consequence of the periodic law all the physical 
characteristics of tho elements* are now thought 
to depend ultimately upon atomic mass, and 
thus their classification is directly correlated 
with tho atomic theory. 

Omitting a very few of the rarer and more 
imperfectly known elements, the following ele 
luentary gioups may bo distinctly recognised. 
For tho connoxiou of the several groups with 
I each other the article on the periodic law should 
bo consulted (c/. also Classikication, p. 203). By 
1 suitable divisions the existence of sub-groups is 
I indicated : — 


Aluminium 

Antimony 

Arsenic 

Barium 

Beryllium 

Bismuth 

Boron 

Bromine 

Cadmium 

Ctesium 

Calcium 


Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper 

Didymium 

Erbium 

Fluorine 

Gallium 

Germanium 


Gold 

Hydrogen 
Indium 
Iodine 
Iridium 
• Iron 

Lanthanum 

Lead 

Lithium 

Magnesium 

Manganese 
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In eaoh of these gronpS) or, more precisely, 
in eaoh of the sub-groups, if the elements are 
arranged in the order of ^eir atomic weights, 
there is a regular gradation of properties from 
the lowest to the highest. Among their com- 
pounds precisely similar regularities appear, and 
exceptions are quite uncommon. If one element 
in a group forms certain well-delSned compounds, 
we may fairly expect them to be paralleled by 
every other element in the same series, and their 
points of dissimilarity will follow a regular serial 
order. Throughout each group, with a few excep- 
tions, there seems to be one dominant valency 
representing the maximum stability among the 
derivatives of the members of the group, and 
these derivatives are frequently isomorphous. 
Indeed isomorphism between analogously con- 
stituted compounds is good evidence of chemi- 
cal kinship, although it is not proof positive. 

As regards abundance, associatjpn in nature, 
and modes of occurrence, the elements differ 
widely. Including the atmosphere and the ocean, 
the mass of the earth’s crust is mainly made up 
of thirteen of them, namely, oxygen, hydrogen, 
nitrogen, carbon, chlorine, sulphur, aluminium, 
calcium, magnesium, iron, potassium, sodium, 
and silicon. Certain others, such as fluorine, 
manganese, lead, and phosphorus, are relatively 
common, and others, like gallium, indium, and 
germanium, are exceedingly rare. Compara- 
tively few of the elements are found free in 
nature, and these are oxygen, hydrogen, nitro- 
gen, carbon, sulphur, tellurium, arsenic, anti- 
mony, bismuth, copper, silver, gold, mercury, 
zinc, tin, lead, iron, and the six platinum metals. 
Of these only nitrogen, gold, and the platinum 
group appear to be more abundant free than in 
a state of union. Compounds are the rule, native 
elements the exception. In general terms, like 
elements occur under like conditions, and often 
in association with each other. Thus cobalt and 
nickel are seldom found entirely apart, the rarer 
earths are almost always commingled, and tho 
platinum metals always occur more or less to- 
gether. Apart from the commoner rock-forming j 
elements, the so-called ‘ heavy metals ’ are chiefly I 
found segregated in veins which are produced by ! 
infiltration ; while the cerium and yttrium groups, i 
beryllium, zirconium, thorium, &c., exist almost ’ 
soldy in granitic intrusions. In sedimentary or 
detrital rocks the rarer elements whicli perhaps 
were present in the parent formations are so 
widely scattered as to be no longer discernible. 
The older rock masses yield by far the larger 
proportion of the known elements. Even in vol- 
canic outflows the number of elements present i 
seems to be relatively small, perhaps because no | 
segregating influence has rendered the presence 
of the scarcer substances distinctly manifest. In 
organic matter the elements carbon, hydrogen, 
oxygen, nitrogen, sulphur, and phosphorus are 
the dominating constituents. 

In the beginnings chemistry the fact that 
one substance could be transformed into ether 
substances gave rise to all manner of alchemical 
speculations. Transmutations of matter gave 
tne voung science its only raison d’itre, and no 
good reason existed for assigning any limit to 
such transmutability. The labours of the alche- 
mists, therefore, were not at all unphilosophical, 
but on the contrary they represented efforts at | 


generalisation which were perfectly legitimate in 
their day. But as the modem conception of an 
element developed, limitations not previously 
recognised became evident, and the pendulum of 
chemical opinion swung over towards a belief in 
the absolute independence and individual inte- 
grity of the elementary bodies. From this point 
of view all theorising as to tho nature of the ele- 
ments became unprofitable, and, indeed, was put 
outside the proper range of scientific investiga- 
tion. ♦ 

Of late years, however, the question has been 
reopened, the ultimate character of the elements 
is no longer positively assumed, and the belief is 
gaining ground that they have been derived from 
still simpler forms, possibly one form, of matter 
by some process of evolution. It will be observed 
that the only evidence in favour of their elemen- 
tary nature lies in our present inability to de- 
compose them, and that evidence is purely ne- 
gative. It signifies merely a limitation in our 
immediate resources ; not a limitation essential 
to the things themselves. On the other hand, 
the elements are connected by so many intimate 
relations that their complete independence of 
each other is hardly supposable. These rela- 
tions, being definite and surely not accidental, 
need some hypothesis to explain them, and sucli 
an hypothesis, if not fully framed as yet, is at 
least progressing in its formative stages. The 
chief lines of discussion now open are as follows: 

First, on tho basis of tho periodic law (v. 
CiAssiFiCATioN and Periodic law). In his me- 
morable paper upon that subject Mendelejeff ar- 
ranged theelements in a tabular scheme, in which 
certain gaps existed. Those gaps, he claimed, 
should be tilled by undiscovered elements, for 
three of which he predicted the properties in con- 
siderable detail. Several years later, in 1870, 
Lecoq de Boisbaudran discovered gallium, and 
that metal was found to fill one of the gaps per- 
fectly, conforming with curious accuuicy to Meii- 
delejefl’s predictions. Since then scandium has 
been discovered by Nilson, and germanium by 
Winkler, and they with striking definiteness con- 
firm the remainder of the prophecy. In brief, 
the prediction of these three metals and its sub- 
sequent confirmation would not have been pos- 
sible were tho elements entirely distinct and un- 
related. Again, if we plot graphically any set of 
physical properties of the elements, using them 
for abscissa) and the atomic weights for ordi- 
nates, the periodic relations become strikingly 
manifest. This is seen in the case of Lothar 
Meyer’s curve of atomic volumes, in which simi- 
lar elements occupy similar places, and by means 
of which volumes not actually measured can be 
approximately estimated. Although as yet no 
such curve has been interpreted mathematicallj', 
there is little doubt but that in time the relations 
which art) so expressed will receive accurate for- 
mulation. 

Secondly, there is spectroscopic evidence in 
favour of elementary evolution. If we accept 
the nebular hyjgothesis as to the origin of the 
solar system, we must give weight to the varying 
chemical complexity of the heavenly bodies. 
First, the uebnlas themselves are gaseous, and 
consist very largely of hydrogen. In the whiter, 
and presumably hotter, stars a few other sub- 
stances appear, more are found in the sun, and 
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finally we have the cooled planet, seemingly the 
most complex of all. This evidence was first 
summed up by Clarke in 1878 {Popular Science 
Monthly, January 1873), who drew from it 
the conclusion that the evolution of planets 
from nebulas had been accompanied by an evo- 
lution of the chemical elements. In November 
of the same year, in a letter to Dumas, Lockyer 
put forth a similar conception, resting on the 
same evidence, and argued that in the hotter 
stars the elements are dissociated. This hypo- 
thesis has since been somewhat amplified by 
Lockyer in numerous publications, and has at- 
tained considerable notoriety. It may be further 
emphasised by the fabt that the thirteen com- 
monest elements are all of relatively low atomic 
weight, while the higher, denser, and probably 
more complex metals are, as a rule, scarce. Of 
course the weight of the latter argument is weak- 
ened by our ignorance of the earth’s interior, and 
the fact that the mean density of our planet is 
much greater than that of its crust. The heavier 
elements may be relatively more abundant near 
the centre of the earth, as the lighter ones are at 
the surface. 

Still a third line of argument has been fruit- 
ful in speculative literature, namely, the study 
of relations between the atomic weights. In 1821) 
Doebereiner showed that certain elements con- 
stituted triads, in which the middle term had an 
atomic weight nearly the moan of the atomic 
weights of the extremes. Such a triad is formed 
by calcium, strontium, and barium, by chlorine, 
bromine, and iodine, and by lithium, sodium, 
and potassium. In 1851 this matter was dis- 
cussed independently by Pettenkofer and by 
Dumas, and since then many other writers have 
studied it. It is now, of course, supplanted by 
the more general periodic law ; but it led to one 
conception of curious interest. It was early no- 
ticed that each triad had certain resemblances 
to the seftes formed by organic radicles, as in the 
paraffin and olefine groups, and the question was 
raised whether a real analogy might not exist. 
Now in any organic series isomerism among the 
derivatives increases as we ascend, and a similar 
rule seems to hold in some groups of elements. 
One example will suffice. The metallic chlorides 
and bromides rarely, if ever, assume allotropic 
or isomeric conditions. But among the iodides, 
allotropy seems to be common ; illustrations 
are furnished by the iodides of antimony, mer- 
cury, and cadmium. Each of these salts exists 
in at least two distinct modifications, while the 
corresponding chlorides and bromides show no 
similar variability. In itself this argument car- 
ries little weight, but with jther evidence it adds 
to the strength of the modern position. 

Passing over all other discussiofis concerning 
relations between the atomic weights, we now 
come to one controversy which still has living 
interest ; the controversy over ‘ Prout’s law.’ 
In 1816 Prout suggested that hydrogen, the 
lightest of the elements, might be the one primal 
form of matter, and olaimqd that the atomic 
weights of all the other elements were whole 
multiples of that of hydrogen. This hypothesis 
as to the atomic weights broke down in its ori- 
ginal form, but in 1859 Dumas endeavoured to 
show that it held as regards half and even 
quarter multiples. Then came Stas, with his 


marvellous determinations of many equivalent 
ratios, which seemingly proved the absolute un- 
tenability of Front’s law, even with Dumas’ mo- 
difications. In consequence of Stas’ researches, 
Prout’s law has been of late years out of favour 
’among chemists, and it has generally been as- 
sumed that the question was settled adversely. 
But in 1880 Mallet published his paper upon 
the atomic weight of aluminium {T, 1880. 1003). 
In this paper he cites the atomic weights of 
eighteen elements which he regards as fairly 
well determined, and shows that ten of them 
have values varying less than O’l from even 
multiples of unity. This concordance may be 
accidental ; but under the theory of probabilities 
the chances are 1097*8 to 1 against mere coin- 
cidence. Two years later, Clarke, in his ‘ Ke- 
calculation of the Atomic Weights,* extended 
Mallet’s argument to sixty-six elements, of which 
forty had j^tomic weights, as then determined, 
falling within the limit of 0*1 variation from 
theory.' The forty agreements include nearly 
all the trustworthy determinations, while the 
twenty-six exceptions are mostly among elements 
of which the atomic weights had been defectively 
ascertained. This evidence strengthens mate- 
rially the argument used by Mallet. It must 
be remembered that the methods ordinarily em- 
ployed for computing atomic weights tend to 
develop apparent variations, through the multi- 
plication of seemingly insignificant errors. The 
conclusion to be drawn from the whole discus- 
sion is, that some law like Prout’s, if not iden- 
tical with Prout’s, actually exists ; for so large a 
proportion of close coincidences could hardly be 
due to mere chance. In this connexion the ob- 
servation of Meyer and Seubert (C. /. 47, 430), 
that about one-fourth of the elements have 
atomic weights approximating nearly to even 
multiples of one-half the atomic weight of oxy- 
gen, is surely worth noting. Recently there 
have been several attempts to bring the atomic 
weights under one general ^mathematical law, 
but the work so far done is hardly complete 
enough to warrant farther notice. The most 
promising effort is probably that of G. Johnstone 
Stoney (Pr. 44, 116). The whole question, 
however, is conditioned by discussions upon the 
possible variability of the atomic weights and 
the constancy of chemical composition, such as 
have been raised by Schiitzenberger (Bl, 39, 258), 
Butlerow {ibid. p. 2G3), and Cooke {Am. [3] 26, 
310). Little weight is at present attached to 
that class of speculations, although the argu- 
ments which they involve cannot wholly be 
ignored. 

To a certain extent the nature of the element! 
is considered by Sir Benjamin Brodie in his 
* Ideal Chemistry ’ and his ‘ Calculus of Chemical 
Operations ; * but along lines of reasoning which 
cannot well be entered upon here. Very recently 
also the subject has been extensively treated by 
Crookes, and from a »ovel point of view. He 
h^B studied the phosphorescent spectra of the 
rare earths; and has found that by working 
with products which represent hundreds of frac- 
tional precipitations, he can get strikingly differ- 
ent spectra for what is to all chemical tests one 
and the same oxide. Thus yttria, after many 


• WUqq as the hose of the lyeiem. 
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fractionations, divides into prorluots which are 34 •852. V.D. 4’0. [an] “ - Oil, obtained 
unlike spectroscopically ; just as if the molecules by distilling elerai with steam. HCl forms solid 
of the original earth had either been sorted out inactive €,„£[, -Cl and a liquid isomeride. 
from a mixture, or else split up into new groups. ELEMIG ACID [216®]. On- -8’6®. 

These products, differing from ordinary yttria,. Occurs in elemi, and purified by means of tho 
are the' oxides of what Crookes provisionally K salt (Buri, Ph. [3] 8, 601). 
calls ‘meta-elements.’ In the same category. Properties. — ^Large crystals (from alcohol), 

perhaps, we must place the neodymium and Insol. water, sol. alcohol and ether, si. sol. CS^. 
praseodymium of Auer von Welsbach, derived Its alcoholic solution reddens litmus, 
from didymium; and also the many doubtful Salt.''— KAlSaq : noodles, 

earths obtained from samarskite, gadolinite, EILAOIC ACID CnH^O^ i.e. 

&o., by Marignao,De Boisbaudran, and Kriiss and xC^H(OH)j q H(0H) CO 0 

Nilson. Unfortunately we do not yet know how CO{ | ^ or 

to interpret all the phenomena, and the evi- ^Cg(OH)2<[^QQ^ e a I ^ 2- • 

dence admits of various explanations. Wo may '* 

have merely allotropcs to deal with, or there (Schiff, B. 12, 15.^3). S.Gr. — 1'667. A consti- 
may have been a veritable splitting up of rela- tuent of Oriental bezoars (Chovroul, A. Ch. [2] 9, 
tively unstable elements. That the actual num- 629; Braconnot, A. Ch. [2] 9, 187 ; Pelouze, A. 
her of distinct earthy oxides should bo very C/i. [2] 54, 367; Taylor, P. if. [3] 24, 354; Wohler 
largely increased is unlikely, for "^tliey fit no a. Merklein, A. 66, 129). Occurs also in sprouts 
vacant places in the periodic system. Crookes of the divi-divi (L6we, Fr. 14, 40 ; Barth a. 
himself interprets the evidence thus: — Following Goldschmicdt, P. 11, 846; 12,1239; Cobenzl, 
along the line of elementary evolution, ho con- ilf. 1, 671) and in oak bark (Etti, M. 1, 266) and 
ceives that matter, as it developed from the fir bark (Strohmer, M. 2, 539). 
original ‘protyle,’ passed from stable point to Formation. — 1. From gallic acid or tannin, 

stable point through intervals of instability, by treatment with iodine, POCI3, PCI5, or As.Oj 
Around each accretion of the primitive stuff (Griessmayer, A. 160, 65 ; Lbwe, Z. 1868, 603). 
into a definite element there may be gathered a It is also deposited as a grey powder when a de- 
few particles of intermediate material ; and these coction of gallnuts is left exposed to the air. — 
* by-products ’ of elementary manufacture, sepa- 2. By heating gallic ether with aqueous NaOH 
rable only by long fractionations, may give rise ' at 60® (Schiff, B, 12, 1533). 
to the phenomena observed in the spectra of j Preparation. — Bezoars are dissolved in strong 

yttria. The main line of evolution he repre- ; aqueous KOH in the cold ; CO^ is then passed 
sents by a lemniscate curve. ' in, when potassium ollagate is ppd. This is re- 

This work of Crookes, as' represented in his crystallised from water, and the acid is liberated 
address of 1886 before the British Association, , by hydrochloric acid. 

and in two later lectures before the Chemical i Properties. — Minute yellowish prisms (con- 
Society (C. J. 63, 487), brings us face to face taining 2aq). Insol. water and ether, si. sol. 
with the final question of all. Admitting that j alcohol. A solution in cone. KOIIAq when ex- 
the elements have been somehow evolved from ' posed to the air deposits black crystals of ‘ potas- 


simpler primal forms, can the process ever be sium glaucomelanato ’ C,2H4Kj07 (?),..which is 
repeated or reversed artificially ? To this ques- reconverted into ellagate by boiling water. Cone, 
tion no answer is now possible; but it seems IPSO, dissolves ellagic acid without change. 


likely that if a transmutation of so-called ele- , FejCl^ gives a greeiusli colour becoming black, 
mentary matter should ever be effected in tlie ■ Reactions. — 1. Distillation with zinc-dust 

laboratory, it will be by tho very slow de\eloj)- ' gives lluorene C,,H|o.— 2. Sodium amalgam in 


ment, under conditions of prolonged chemical nlk;i!ine solution gives ‘glauco-hydro-ollagic acid’ 
stress, of change in traces only. 1 ‘ rufo-hydro ellagic acid* C,,H,oOj 

F. W. C. j (Kenibold, B. 8, 1494 ; Cobenzl, M. 1, 671), an 
ELEMI. A name given to various resins. ; acid C,,H,o09, and finally (7)-hexa-oxy-diphenyl. 


Elemi occidentale is said to be the produce of 3. Potash-fusion gives (/8)-hexa-oxy-diphenyl 
Idea Icicariba; Elemi orientals to come from ' (B a. G.). — 4. Boiling cone. KOIIAq gives hoxa« 


Amyris ceyloniea. Elemi cegyptiacum is perhaps 
produced by Elccagnus hortensis. Translucent 
resins, used in making varnishes. Some speci- 
mens contain arayrin Jq. v.) and e 1 e m i n. Ele- 
min forms thin six-sided prisms [200®] (John- 
ston, A. 44, 338 ; Bose, A. 32, 297 ; 40, 307 ; 
Hess, A. 29, 139 ; Baup, J. Ph. [3] 20, 321 ; Buri, 
N. Rep. Pharm. 26, 193). Arbol-a-brea resin 
contains bryoldin [136°] (Fliickiger, J. 

1876, 800). According to Stenhouse and Groves 
*(A. 180, 263) incense-rlsin (from Idea hepffl- 
phylla) contains oonimene OuHa, and icacin 
When elemi resin derived from Amyris 
elemifera and A. ceyloniea is distilled with zinc- 
dust it yields toluene, m- and p-ethyl-toluene, 
and ethyl-naphthalene (Ciamician, G. 9, 310; 
B. 11, 1344). 

Oil of elemi C,oH„. (166®) (Stenhouse, A. 
$5. 804); (174°) (Deville, A. 71, 362). S.G. 


oxy-diphenylene ketone. 

Salts.— K^A" (at 150®) : minute prisms.— 

I K2A"K0H (?) : grey powder— Na^A^aq : pale 
' yellow crystalline powder, si. sol. water. — 
NaHA"aq (at 100®).-<--Ba3H3A"2 (at 140°) ; lemon- 
yellow insoluble pp. — PbA''aq : amorphous yellow 
pp, ; becomes olive-green on drying. 

Tetra-acetyl derivative Oi^HjAc^O,. 
Yellow crystalline powder, si. sol. water. 

ELLAOITANNIC ACID Occurs 

in divi-divi and myrobalanes (L6wq, Fr. 14, 44). 
Amorphous brownish mass. Water at 110® con- 
verts it into ellagib acid..— (0,4H,oO,o)26PbO. 

ELVTBIATION. The separation of lighter 
from heavier particles by washing. 

EMETINE 0,^H,oN20* (?). [65®-74®]. 8. ‘1 
in the cold. Occurs in ipecacuanha root (Pel- 
letier a. Magendie, A. Ch. [2] 4, 172; Buchner, 
Bepert. Pharm. 7, 289 ; Dumas a. Pelletier, A. 
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Ok, [2] 24, IBO ; Letort, J. Ph. [i] 9, 241 ; Pander. ' 
C. C. 1872, 440 ; Glenard, C. E. 81, 100 ; Lefort 
a. F. Wurtz, 0. R. 84, 1299 ; Power, Ph. [3] 8, 
344 ; Kunz, Ar, Ph. [3] 25, 461 ; Podwysaotzky, 
Ph. [3] 10, 642) ; Kremel, Ar. Ph. [3] 26, 419). 

Preparation , — Ipecacuanha is exhausted with 
ether and ligroin and the residue extracted with 
(86 p.o.) alcohol ; the extract is evaporated to a 
syrup, and Fe,^Cl8 added to ppt. tannin ; excess 
of Na^CO, is added, and the emetine extracted 
with hot ligroin. * 

Properties.— ^eed.]ea (from ligroin). SI. sol. 
water, v. sol. chloroform, EtOAo, alcohol, CSj, 
and essential oils, si. sol. ligroin, ether, and 
benzene. Alkaline reaction. Coloured yellow 
by sunlight. Produces vomiting. Except the 
tannate, all its salts are amorphous. Sulpho- 
molybdic acid gives a brown colour, changed by 
HGl to indigo blue. Potassium-bismuth iodide 
gives a pp., as do other re-agents for alkaloids. 

Salts.— B'EL^PtCl, : yellowish-white powder. 
— BHaCrD,.— B'MeL— B'MeOH. 

EMODIN V. Tri-oxy-methtl-anthraquinone. 

EMUL81N. A neutral substance contained 
in sweet and in bitter almonds, and possessing 
the power of acting as a ferment on the araygdalin 
of the latter in presence of water, converting it 
into benzoic aldehyde, HCy, and glucose (Robi- 
quet, J. Ph. 24, 326 ; Thomson a. Richardson, 
A. 29, 180 ; Ortloll, Ar. Ph. 48, 16 ; BuU, A. 09, 
146 ; Johannsen, Bied. Gent. 1888, 326). It may 
be obtained by leaving an aqueous extract of 
almond cake at 23® for a few days, filtering, and 
ppg. with alcohol. White amorphous mass, sol. 
water. The hydrolytic power of emulsin is 
destroyed by boiling. 

ENCEFHALIN v . Cerebrin. 

n-ENNANE CgHjo. Nonane. Mol. w. 128. 
[-51®]. (150®). S.G. ? -733 ; -'f -6541. From 
pelargonio acid CgHi^O^ by distillation with P 
and HI (Krafft, B. 15, 1092). 

EnnaiR C„H,o. (148®). S.G. -7124. V.D. 
66'4 (for 64). Occurs in Galician petroleum 
(Lachowicz, A. 220, 194). 

Ennane CgH,„. (136®). S.G. ^ ’742. V.D. 
4*59 at 180°. Occurs in petroleum (Lemoine, 
Bl. [2] 41, 163). 

Ennane C,n,„. (130°). S.G. ^ *743. V.D. 
4*47 at 190®. Occurs in petroleum (L.). 

Ennane 0^.,„ i.e. Pr.CH,.CH 2 .Cn,,Pr. (132°). 
S.G. ^ *725. From isoamyl iodide, isobutyl 
iodide and Na (Wurtz, A. Ch 3] 44, 276). 

Ennane CjHjo. (130°). From isopropyl 
iodide and Na (Silva, B. 6, 984). 

ENNDECANE i.e. CH 3 (CH.)„CH,. 

Nonadecane. [32®]. (330®). S.G. *7774; 
•7328. From OigHggCl, by heating with HI and 
phosphorus. Occurs also in paraffin from bitu- 
minous shale (Krafft, B. 15, 1704 ; 21, 2266). 

ENNDECANE Dl-CARBOXTLIG AGIO 
C„H 8 g(C 03 H)j. [90®]. From oxy-henicosoio acid 
0„H„(OHjOH)(CO,H) by heating with soda-lime 
(Starcke, A. 223, 8121. White powder (from 
alcohol and light petroleum). 

Salt.~PbA". • 

ENNENOIC ACID 0,H„O,i.«.CPrj:CH.CO,H. 
Di’fi-propyl-acrylio acid. [81°]- From 
Pr,C(0^.aH,.OOjHand dilute H, SO, (Albitzky, 
J,m. [2] 80, 209). Needles (from benzene). SI. 
sol. water, sol, alcohol, ether, and benzene.— 


LiA 2aci.— BaVn aq.— CaA'j aq. 8. (ol CaA 3-8 
at21».-PbA',2iaq. ' 

EimenoicacidO,H,„0,i.e.O.H„.OH:OH.CO^ 
Nonylenic acid. Formed by heating heptoio 
aldehyde (oenanthol) with NaOAc and Ao^O at 
170® for 30 hours (Schneegans, A. 227, 80). 
Liquid, v. si. sol. watef, very volatile with steam. 
Readily combines with HBr forming bromo- 
ennoio acid {q. v.). Not attacked by nascent 
hydrogen.— BaA'j. — CaA'j 3aq : needles.— AgA'. 

Ennenoio acid CgHj.Oj. Phoronic acid, 
[169®]. [ao] 23® (in alcohol). Formed, together 
with camphio acid, by exposing sodium-camphor 
to the air (Montgolfier, A.Ch. [6] 14, 82). Tables 
(from alconol). Insol. water and CSj. 

ENNENYL ALCOHOL CqH„0 i.e. 
Pr.CHiCH.CHj.CMej.OH. Di-incthyl-isopropyU 
allyl-carbinol. (176°). Roo=72'27. Fromdi- 
methyl-allyl-carbinol (hexenyl alcohol), isopro- 
pyl iodide, •and zinc (Dieff, J. pr. [2] 27, 364). 
Gives isobutyric acid on oxidation. Combines 
with bromine forming CyHj.Br^O. 

Methyl ether C,H„OMe. (171®). S.G. 
^ *8027. R(x> 81*55. KMnO, gives methylated 
oxy-valerio acid, CH^O.CqHg.COjH, and isobuty- 
rio acid (Kononowitz, J. pr. [2] 30, 400 ; Bl. [2] 
43, 381). 

ENNENYLCHL0RIDECqH,,Cl. (175®-186®). 
From the alcohol and PCI, (Dieff). 

ENNINENE C,H,g. (136°). Campholene. 
Obtained from compholic acid by the action of 
PjOg or by distilling with soda-lime (Delalande, 
A. 38, 340; Kachler, A. 162, 266). 

Enninene C„H,8. (135®-140°). From cam- 
phor and HI at 200® (Weyl, B. 1, 96). 

ENNINYL ALCOHOL CgH,gO i.e. 
(CH,:Cn.Cig„.CEt.OH. EthyUdi-allyl-carbiml. 
(176°). S.G." § -8776; V8(537. C.E. (0®-17°) 
•00096. From propionic ether, allyl iodide, and 
zinc (Smirensky, J. pr. [2] 26, 59). 

n-ENNOIC ACID CgHjHO.^ Pelargonic acid. 
Nonylio acid. Mol. w. 158. fl3®]. (254® i.V.). 
S.G. -9109 ; -9103 ; *8433. H.C. 1287352. 

M.M. 9*590 at 20® (Perkin, C. J.46, 486; Longui- 
nine, A. Ch. [6] 11, 222). 

Occurrence. — In tlie volatile oil of Pelargo- 
nium roseum (Plcss, A. 69, 64). In fusel oil 
from beet root (Perrot, A. 105, 64). 

Formatio7i. — 1. From heptyl-aceto-acetio 
ether and KOH (Jourdan, A. 200, 105). — 2. By 
action of HNO, on oleic acid (Redtenbacher, A. 
59, 62), on stearolio acid (Limpach, A. 190, 297), 
and on oil of rue (Gerhardt, A. 67, 245).— 3. By 
fusing hendecenoic acid CnHjoOa with KOH 
(Krafft, B. 16, 1691). 

Properties, — Oil at ordinary temperatures. 

Salts. — CaA'j. — BaA'^: lamintB, si. sol. hot 
water.-CuA'j [c. 268°].-ZnA'j [132®].- AgA'. 

Methyl ether MeA'. (214° i.V.). S.G. ^ 
•8918. 8.V. 245*7. C.E. (0®-10°) *00091 (Gar- 
tenmeister). « * 

iUthyl ether EtA'. (228® i.V.). S.G. ^11 
•8666 (Zincke a. Franchimont, A. 164, 839; 

U -8703 ; §1 8641. M.M. 11*671 at 18-2° (Per. 
kin, G. J, 46, 603). 

Chloride OgH„OCl. (220°) (Cahours, 0./. 

8, 240 . 

Amide OgH„ONHj. [93®] (Schalfejeff, B, 

6, 1262) ; [99°] (Hofmann, B, 15, 984). Formed 





ENNOIO ACI1>. 


by heating ammonium ennoate at 230® under 
pressure. 

86, (C,H„a),0. [-6®] (Chiozza, A. 

CH,(0H^,CN. (216®). S.G. 15 
«*ootyl iodide and KCN at 180®. 
(Eiohler, B. 12, 1888). , 

Iso-ennoio acid C,H,„0- t.e. 
CH,(CH,)jCHMe.COjH. (246® cor.). S.G. i" 
•9033. From its nitrile, which is obtained by 
Mtmg on methyl-hexyl-carbinyl iodide (octyl 

iodide! with ITfiv irro o,n\ Ari ^ 


iodide) with KCy (KuUhem, A. 173, 319). Oil. 
NaA aq: slender needles. — KA'. — CaA' aq : 
needles (from alcohol).- CuA',a;aq.—AgA'. 

Ethyl ether EtA'. (214® cor.). S.G. ^ 
•8641. 

Art<rtfeCH3(CH2)jCHMe.CN. (206®). S.G. 
*8187. 

[giT and 

(232 ). Got by heating heptyl-malonic acid 
(Venable, J5. 13, 1662). Oil. 

F. aho Bromo-ennoio acid. 

BKKYI AICOHOL 0,H^0. Nmyl alcohol 
MoL w. 144. (o. 188®). S.G. -856. From 
petroleum ennane (Lemoine, Bl [2] 41, 163 ; c/. 
Pelouze a. Cahours, A. Gh. [4] 1, 6). 

Acetyl deriva tive CgH,jOAc. (c. 210®). 
Ennyl alcohol CbH,^ 0. (206®-212®). S.G. ii 
*847. From isoamyi isovalerate ana sodium 
(Louren<?o a. Aguiar, Z. 1870, 404). 

derivative C,H„OAc. (207®- 

iLnyl alcohol Pr.CEt.OH. EthyldupropyU 
carbinol (Tschebotareflf a. Saytzeff , J. pr. [2] 33 
196). (179-6® oor.l (T. a. S.) ; (176®) (Menschi- 
koff, J. pr. [2] 86, 851). V.D. 143*6 (for 144). 
V. si. sol. water. S.G. “j® *8331 ; *8268. From 

di-propyl ketone, EtI, and Zn. Gives, on oxida- 
tion, CO„ acetic acid, propionic acid, and butyric 
acid, also di-propyl ketone and ennylene. 

Acetyl derivative, (c. 190®). S.G. 

.oauR T \ 0 


Ennyl alcohol C«H„.CHEt.On. (196®). S.G. 
? *839 ; Y *825. From heptoic aldehyde (oenan- 
thol) and ZnEt, followed by water (Wagner, Bl 
[2] 42, 830). Gives ethyl hexyl ketone on oxi- 
dation. 

Acetyl derivative CJI,„OAc. (211®). 
S.G. §*878 ; a® *861. ' 

EENTIAMINE C,H„NII,. (191®). Formed 
by the action of NH, on the ennyl chloride de- 
rived from petroleum (Pelouze a. Cahours. J. 
1863,629; A. Ch. [4] 1,6). 

EnnylainineO,H„NH^ (195®). Formed by 
the action of Br and KOH on the amide of decoio 
(caprio) acid (Hofmann, B. 16, 773).— B'-H^HCl,. 

EHETIi CHLOBIDE C.H^Cl. (o. 182®) (Le- 
moine, Bl [2] 41, 164); (196®) (Pelouze a. Ca- ! 
hours, /. 1863, 629). S.G. ^ *899 (P. a. C.); • 
21:2 *908 (L.). From petroleum ennane by chlon’ 
nation. » 

Ennyl chloride O^H^Cl. (150®-160°). Prom 
the ennyl alcohol obtained from isoamyl isova- 
lerate and Na (Louren^oa. Aguiar, 1870,404). 

EENYLEEE C,H„. Nonylene. Mol. w. 126. 
(c. 185®). S.G. *868, Prom the ennyl chlor- 
ide which is derived from petroleum (Lemoine. 
BAP] 41, 168). ' 


Ennylene aH (138®). S.G. £2 -743. From 
ethyl-dipropyl-carbinyl iodide and alcoholic KOH 
(Socoloff, J. B. 1887, 699). 

, CpHig. (140®). Among the pro- 

(Wurtz, 

A. 128, 232), 

Ennylene CpH,,. (146®). S.G. 221* *767. 
Formed by the action of lime on heptoic alde- 
hyde (cenanthol) (Fittig, A. 117, 78). 

Ennylene CpH,8. (o. 147°). From paraffin, 
by strongly heating it (Thorpe a. Young, A. 166, 
18). 

. Eu^leae CpH„. (o. 149®). S.G. *787. Occurs 
m oil of resin (Benard, BL [2] 39 541) 

Eanyleae C,H„ cor.). S.G. 2 -762. 
Obtained by distilling the lime soap made from 
tram oU (Warren a. Storer, Z. 1868, 230). 

Ennylene 0,H,g. (121®). S.G. ^ *763. 

hound among the products of the distillation of 
bituminous shale (Laurent, A, 26, 285). 

V. also the Hcxahjdrides of Cdmiiinbi and 
Mesitylune. 

DI-ENNYL-KETONE C,„H,,gOt.c. (CpH„),CO. 
Caprinotie [68°]. (above 350®). Obtained by 
distilling calcium docoate (caprate). Pearly 
lamin® (from alcohol). Gives decoic acid on 
oxidation {Grimm, A. 167, 270). 
n Eccoyl derivative 

C„n,pNH.CO.NH.CO.CaH,p. [101®]. White plates. 
Formed by the action of KOH on a mixture of 
the amide of decoic acid and bromine (Hofmann. 
B. 16, 761). ' 

EOSIN V. r^fm-BROMO-FLUORESCEIN. 

EPIBBOMHYDRIN C,H,BrO. (139®). S.G. 
1*616. From OsHjBr 2 (On), and cone. KOHAq 
(Reboul, A. Suppl 1, 227 ; Berthelot a. De Luca, 
A. Ch. [3] 48, 311). Formed also by distilling 
the compound of acetone with Br (Linnemann, 
A. 125, 310). NH, forms CgHi^BrNO^, an amor- 
phous insoluble base. 

Epidibromhydrin v. Di-bromo-propilknb. 
EPICHLOBHYDBIN C.H.CIO i.e. 

0 3 ^ 


CHjCl.CH.CHj. Ghloro-propyleve oxide. Mol. 
w. 92|. (116-9®) (Schiff, A. 220, 99); (116-6 
oor.) (Thorpe, C, J. 37, 207). S.G. S 1-2031. 
C.E. {0®-10®) -0010.33; (0°-100°) -0011661. 

y.D. 3-21 (for 319). S.V. 87-1 (S.) ; 87*3 (T.). 

Formation .— By treating di-chioro-pro- 
pyl alcohol (glycerin dichlorhydrin) with fuming 
or gaseous HCl (Berthelot, A. Ch. [3] 41, 299). 
2. By the action of alkalis on cither of the two 
di-chloro-propyl alcohols CHgCl.CIiCl.CH.OH or 
CH,Cl.CH(OH).CH,Cl (Reboul, A. Suppl 1, 221 ; 
Tollens a. Munder, Z. 1871, 252 ; Prevost, J pr 
[2] 12, 160 ; Claus, B. 10, 657 : Cloez, A. Ch. (61 
9, 146). . 

Properties.— Liquid with sweet taste, smelling 
like chloroform. Nearly insol. water, mixes with 
alcohol and ether. 

Eeactions.—l. Water (i vol.) at 100® con- 
verts it into chlorhydrin CHjCLCH(OH).CHjj(OH) 
and glycerin. — 2. Fuming HCl readily acts upon 
it, forming CH^Cl.CE(OH).CH^Cl (l80®).-8. HBr 
forms CHjCl.CIf(OH).CH^r (197®). S.G. M 1*740. 
4. HI acts with great violence, formina 
CH,CI.CH(OH).CHjI as well as propyl iodide 
and «-propyl chloride (Silva, C. B. 93, 418) — 

f'Cl. fenm 

O.H,01,(OPC!y (o. 186’) at 100 mm. (Hanriot, £L 







tS^l 32« 551I.--4. Phosphotw jjentabroffUde giv«s 
Crt,01.0HBt.0HaBr (Darmstadter, 162, 819; 
a/ ^iohelhaus, A. Stippl. 6, 277).— 7. Bromine 
at 100® lonoifl ohloro-tri-bromo-acatone (Gri- 
mnux a. Adam, Bl. [2] 83, 267).— 8. A solution 
of HCIO (7 p.o.) in water in darkness producer 
C,H«040a or OsH^ClaCOH), (Carius, A. 184, 71). 
U. Acetyl chloride in the cold, or more quickly 
at 100®, forms 03H40la(OAo). By long heating 
(30 hours) at 100® there is also formed 
C„H,oCl,0(OAo) and C„H,4C1^02(0Acf. Buiyryl 
chloride forms OjH-Cl2(O.CO.Pr). Benzoyl 
chloride at 180° gives C,'H4Cla(OBz) (Truohot, 
Bl. [2] 6, 447 ; 6, 481). — 10. Acetic anhydride at 
180° gives C,H,Cl(OAc), and CaHjCUiOAc) (T.; 
cf. Franchimont, R. T. G. 1*43). Heating with 
acetic add at 100° forms C3HjCl{OH){OAc). 
Benzoic anhydride at 190° gives C3Hj(OBz), 
[74°) (Van Romburgh, R. T. C. 1, 46). — 11. Cone. 
K,,SO^q forms CaHj(0H)(S03K)2 2aq and free 
KOH (Pazschke, Z. [2] 5, 612). — 12. NaHSO, 
at 100° forms CH2Cl.CH(SO,Na)CH20H (Darm- 
stadter, Z. [2] 4, 842). — 13. Alcohol at 180° gives 
rise to 0,H,Cl3(OH), C,H3(OH)(OEt)j and 
C,H4Cl(OH)(OEt). Isoamyl alcohol at 220° 
forms C,H3C1(0H)(0C3H„), C3H3Cl2(OH), and 
C3H3(0H)(0C3H..)3.-14. Ethyl bromide gives 
C,HjClBr(OEt).— 16. Sodium forms a yellow oil i 
C„H,(,02 (c. 218°), and an insoluble compound 
C^HijOaNajClj (Hiibner a. Muller, A. 169, 186 ; 
Hanriot, Bl [2] 32, 662 ; Claus, B. 10, 666). 
16. Sodium ethylate free from alcohol forms 
C,Hj(OH)(OEt)3and white hygroscopic CuH^gOj 
(Laufer, Jena. Zeit. [2] iii. 2 Suppl. 141 ; cf. 
Ijouren(jo, A, Ch. [3] 67, 309).— 17. Alcoholic 
KOPh forms crystalline CjHjOlOPh) (Lippmann, 
Site. W, 62 [2] 605).— 18. Sodium amalgam has 
little action, but forms a small quantity of allyl 
alcohol (TornSe, B. 21, 1282 ; cf. Bufif, A. Suppl. 
5.247).-19. H2SO,forra8oilyC3H,Cl(OH){SO,H) 
{Oppenheim,B. 3, 735). -20. Oxidised by HN03to 
ohloro-cxy-propionicacid.—-21.Alcoholicor strong 
aqueous ammonia forms gummy CJI,2C1N02(?) 
Gaseous ammonia reacts in the cold forming 
N(C,HjC1.0H), [93°] which forms a crystalline 
hydro-chloride [173°], and is converted by alkalis 
into a substance resembling gelatin (Fauconnier, 
C. R. 107, 116).— 22. Triethylamine at 100° gives 
rise to crystalline CjHjO.NEtjCl (Reboul, C. R. 
93, 423). — 23. Aniline at 140° forms oily 
Ci^HjgNjO, the constitution of which is probably 
CH2NHPh.CH(OH).OH2.NHPh. [64°1 (290° at 
10 ram.). It forms a hydrochloride B"H2Cl2 
[202°] crystallising in needles, insol. ether, sol. 
alcohol and water, which gives the reactions 
usually characteristic of alkaloids (Fauconnier, 

C. R. 106, 605; 107, 260).— 24. Zinc and allyl 
iodide followed by water givh ohloro-hexenoic acid 
(g. V.), the first reaction being repftsonted thus : 
C^HjClO +Zn + IO3H3 - 0,H3Cl(0ZnI)C,H3 (Lo- 
patkine, Bl. [2] 41, 318).— 26. HON forms chloro- 
oxy-butyronitxile CjH501(OH)(CN), sol. water, 
alcohol, and ether (H6rmann,B. 12, 23).— 26. KCy 
forms epicyanhydrin. — 27. Boiling aqueous 
RGNO forms C^HgClNO, [106®], crystallising in 
prisms (Thomsen, B. 11, 2186). It forms an 
acetyl derivativo C^H^AcClNOj [79°]. 

Chlorinated epiohlorhydrins «. Ghloro- 

iOBTOmB. 

Kpidlchlorh7dri& v* Di'OBLOBo-PsopnJsins, 
Tot, n. 






— JH.OH3ON. [163°]. From epiohlorhydrin 
and aqueous KGy (free from alkali) in the cold 
(Pazschke, Z. [2] 6, 612; J. pr. [2] 1, 82). 
Broad prisms (from j^ater). Hot fuming HOI 

converts it into CH^H.OHj.COaH [226°] which, 
by further heating with fummg HCl for 6 hours 
at 160° is reduced to n-butyrio acid (Hartenstein, 
J-.pr. [2] 7. 296). 

^EPIiODHYDRIN GjHjIO i.e. 


CH2.GH.CH,I. (160°~180°). S.G. 1*2*03. From 
epichlorhydrin and KI at 100^ (Reboul, A. Suppl 

1, 227). Oil. 

EQUATIONS, CHEMICAL. The formula of 
an elemeift; expresses a certain quantity of that 
element, and the formula of a compound repre- 
sents the composition of a certain quantity of 
that compound. When elements and compounds 
interact chemically, other elements and com- 
pounds are produced ; a chemical equation re- 
presents, primarily, the quantities of the interact- 
ing bodies and the products of the interaction, 
and the compositions of these bodies. The sum 
of the quantities of the interacting bodies is 
equal to the sura of the quantities of the pro- 
ducts of the interaction. A chemical equation 
then represents the distribution of the bodies 
which take part in a chemical change before the 
change begins and when the change is com- 
pleted. But the equation does not give a full 
account of the transaction ; thus the equation 
Zn + HjSO^-a ZnSO,-f tells that, if zinc and 
sulphuric acid react to produce zinc sulphate 
and hydrogen, then 98 parts by weight of snl- 
pburio acid react with 66*2 parts of zinc, and 
the quantities of zinc sulphate and hydrogen pro- 
duced are represented by the numbers 161*2 and 

2, respectively. The equation does not indicate 
the conditions which must be fulfilled in order 
that zinc and sulphuric acid shall react to pro- 
duce zinc sulphate and hydrogen ; as a matter 
of fact a considerable quantity of water must be 
present. Again, the equation GaGl2 + Na,CO| 
«a2NaCl + GaGO, merely asserts that when cal- 
cium chloride and sodium carbonate react to 
produce sodium chloride and calcium carbonate, 
for every 111 parts of calcium chloride changed 
106 parts of sodium carbonate are also ohan^, 
but it does not tell that in order to effect the 
change of 111 parts of oaloium chloride into cal- 
cium carbonate much more than 106 parts of 
sodium carbonate must be present although only 
106 parts are actually chemically changed. An 
equation often represents a chemical oocorrenoo 
as more simple than it really is. For instance, 
the equation FeGl3 + 3KCNS»Fe(GNS),+8KOl 
seems to imply that if 162*6 parts of fenrft 
oliloride were mixed vffth 291 parts of potassium 
suiphooyanide, 2^0 parts of ferric sulphooyaaidt 
and 223*6 parts of potassium chloride would b« 
produced ; but in order to change 162*6 parts cl 
ferric chloride to ferric suiphooyanide something 
like 800 x 291 parts of potassium sulpho^miida 
must be present, although only 291 parts of tht 
sulpbocy^mide are actu^y chemically dha^iged; 
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When the bodies whioh take part in a ohemi- 
oal change are gaseous the equation represents 
the volumes of the gases which react and are 
produced; thus the equation Hj+O = £[30 tells 
that if hydrogen is combined with oxygen to 
form water-gas, then the ^olume of hydrogen is 
double that of the oxygen and is equal to that of 
the water-gas formed. The formula of a com- 
pound gas always represents the compositio 1 of 
that mass of the gas which occupies twice the 
volume occupied by one part by weight of hydro- 
gen at the same temperature and pressure as the 
gas in question. The symbols of some elements 
represent those masses of the gaseous elements 
which occupy the same volume as one part by 
weight of hydrogen, e.g. C1,0, N, Br ; but there 
are several exceptions to this statement, e.g. the 
symbols Band As represent masses of phosphorus 
and arsenic which, as gases, occupy half the 
volume occupied, at the same temperature and 
pressure, by unit mass of hydrogen, and the 
symbols Hg and Cd represent masses of mer- 
cury and cadmium which, as gases, occupy twice 
the volume occupied by unit mass of hydrogen. 

Chemical equations which represent changes 
of composition occm'ring among gases may also 

read in the language of the molecular and 
atomic theory; as thus regarded they tell the 
ratio between the numbers of molecules of the 
reacting bodies and the ratio between the 
numbers of molecules of the products of the re- 
action ; the equations also represent the distribu- 
tion of the atoms of the elementary constituents 
of the reacting bodies and the bodies produced. 
Thus the equation + tells that 

when hydrogen and oxygen combine to form 
water, two molecules of hydrogen react with one 
, molecule of oxygen to produce two molecules of 
water-gas, and also that the hydrogen and oxygen 
molecules are diatomic, and that the molecule of 
water-gas is composed of two atoms of hydrogen 
and one atom of oxygen. It is often the custom 
to regard the formulas of liquid and solid bodies 
as molecular, and so to regard every equation as 
an expression of the molecular and atomic dis- 
tribution of the bodies taking part in the chemi- 
OaI change ; but to do this at present is to go 
further 3ian is justified by the molecular and 
atomic theory (c/. Atomic and molecular 
WS10HT8, vol. i. 847-350). In connexion with 
cibemioal equations v. FoRMULiC. 

M. M. P. M. 

EQmiBBIUM, CHEMICAL. The nature 
tA the problems which we shall discuss in this 
article may best be illustrated by considering a 
few simple cases. The simplest we can take is 
when a given quantity of such a substance as 
H,0 which can exist at ordinary temperatures 
in both the liquid and gaseous states is placed 
in a closed vessel of given volume; then if in 
this volume we have a given quantity of HjjO, 
the system will arrive at, and remain in, a state 
in which the quantities oftsteam and water have 
de^ite values, say a and $ respectively ; if on the 
introduction of the HjO the quantity in the 
gaseous state was greater than jS, condensation 
will take place until it is reduced to jS ; if on the 
contranr the quantity was less than evapora- 
tion will take place until it reaches this value. 
Another case an^ogous to this, but in wluch the 
|WQ s^t^s are the solid and the gaseous, is when 


dflEMlOAt. 

instead ol water and steam ^e have solid {iara< 
cyanogen and gaseous cyanogen ; in this ease, as 
Troost and Hautefeuille {0. B. 66, 785, 795) 
have shown, the system attains a state in which 
,the pressure of the cyanogen gas has a definite 
value depending upon the temperature. Another 
example is when a substance can exist in two 
allotropic fonns, such as phosphorus in its red 
and yellow modifications ; if a given quantity of 
phosphorus be heated in a closed vessel it will 
attain a state in which the quantities of the red 
and yellow modifications have definite valpos 
(v. Troost and Hautefeuille, A» Oh, [6J 2, 168). 
The phenomena of dissociation afford excel- 
lent examples of chemical equilibrium ; NgO, for 
example dissociates’ into NO^, but if the gas is 
contained in a closed vessel the dissociation docs 
not go on indefinitely, but only until a certain 
proportion of the gas has been dissociated, after 
which no further change takes place in the gas if 
the temperature and pressure remain constant. 
A more general case of chemical equilibrium is 
when solutions of sulphuric and nitric acids, 
and nitrate and sulphate of sodium are mixed 
together ; chemical changes will go on until a 
state is reached in which there is a certain rela- 
tion between the masses of the four substances 
present ; after this no further change will take 
place in the constitution of the mixture. 

In this article we shall discuss the relations 
which in cases like these exist between the quan- 
tities of the various substances, or the quantities 
of the same substance in different states, when 
there is equilibrium, and the way in which this 
relation is affected by alterations in the physical 
conditions, such as changes in pressure, tem- 
perature, intensity of magnetisation, and so on. 

Having seen the nature of the problems with 
which we have to deal, it will be w’ellto consider 
how chemical equilibrium resembles or differs 
from ordinary dynamical equilibrium. In the 
first place all chemical systems seem io reach 
a steady state, while it is only under excep- 
tional Circumstances that frictionless dynamical 
systems do so. Again, as far as our knowledge 
extends, a chemical system gradually approaches 
the state of equilibrium, and when it has once 
reached it, remains in it ; nothing corresponding 
to the oscillations of a dynamical system about 
its position of equilibrium seems to have been 
observed. The dynamical systems whose be- 
haviour most closely resembles that of the chemi- 
cal systems are those in which the friction is 
very large or the inertia very small; such systems 
always get into a steady state and sink ^adu- 
ally into it without ever passing through it. 

Complete and Partial Equilibrium. 

In the examples of chemical equilibrium pre- 
viously considered, the state of the mixture is 
definite when given quantities of various chemi- 
cal elements are present under identical physi- 
cal conditions. Such a system may be said 
to be in ‘ complete ’ equilibrium. There are many 
cases, however, in which quite a different state 
of things obtains ; thus at low temperatures we 
may have given quantities of hydrogen and 
oxygen in equilibrium when arranged in an in- 
finite number of ways, for, since steam, hydrogen, 
and oxygen do not combine at such temperatures, 
we may ^vide the hydrogen and oxygen in any 
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eiqiottion between RjO, 0„ and H,, ani yet atiU 
have eqi^briom. The reason for the difference 
between this case and the previons one is obvions : 
here the system has no (ohemioal^ freedom and 
must stay in whatever (chemical) state it was . 
placed initially ; in the previous oases, on the 
other hand, the quantities of any of ^e sub- 
stances could both increase and decrease : thus 
in the case of the water and steam, the water 
could evaporate and the steam condeitfe ; in the 
dissociation of N^O^, the NjO, could split up and 
the NOj combine ; such oases are said to be ‘ re- 
versible ’ and are characterised by the physical 
and chemical conditions being such that pro- 
cesses can occur by which the quantities of any 
of the substances can both* increase and de- 
crease ; in these cases the quantities of the acting 
substances may be regarded as variable quanti- 
ties, and when there is equilibrium there will be 
a definite relation between them. If, however, 
the circumstances are such that processes pro- 
ducing both increase and decrease of the quan- 
tities of the substances cannot occur, then we 
can no longer regard these quantities as vari- 
ables, and there will not be the same relation 
between them as if such changes could take 
place ; we may call the equilibrium in this case 
‘ partial ’ equilibrium ; it is definite with respect 
to the physical conditions but not with respect 
to the chemical. Thus in the case of the oxygen 
and hydrogen at low temperatures, the quanti- 
ties of steam, hydrogen, and oxygen, must be re- 
garded as constants, and equilibrium may sub- 
sist with any values for these quantities ; if, how- 
ever, we raise the temperature to such a point 
that the oxygen and hydrogen can combine and 
the steam be decomposed, the quantities of hy- 
drogen, oxygen, and steam may now bo regarded 
as variables, and there will be a definite rela- 
tion between them when there is equilibrium. 

The ^ase of oxygen and hydrogen at low 
temperatures is a somewhat extreme one, as no 
chemical action at all goes on ; there are, how- 
ever, cases in which some of the quantities may 
change, but only in one way, they can increase 
but not diminish, or vice versd. Thus at low 
temperatures HI can be decomposed by light, 
while H and I cannot combine, so that the ac- 
tion is irreversible, and Lemoine has shown 
that when a mixture of HI, H, and I is exposed 
to the action of light the decomposition of the 
HI goes on indefinitely. 

In order to enable those processes to go on 
which cause the state of the system to be re- 
versible, something more than the mere collisions 
between the molecules of the substances seems 
to be required ; in fact, collisions alone seem un- 
able to effect the deoordposition of jnolecules of 
simple composition. We shall see evidence of 
this when we consider the phenomena attending 
dissociation, but considerable evidence may be 
derived from the fact that it is extremely dif- 
ficnlt in many cases to get two pure gases to 
enter into chemical combination, though they 
readily do so when a small quantity of a properly- 
chosen third substance is introduced, which by 
secondary ohemicsd actions may be supposed to 
effect the decomposition of the molecule. Ex- 
amples of this are s^orded by Dixon’a experi- 
ments on the difiSculty of making CO and 0 
combine when perfectly dry, thougn they do so 


readily when moist (T. 1884, 617). Pringsheim 
(W. A. 32, 884) has lately shown that perfectly 
ary chlorine and hydrogen do not explode when 
exposed to light. The change in the conditions 
.required to enable the molecules to be decom- 
posed is often exceedingly small. The most 
striking illustrations of this are furnished by 
catalytic agents, such as spongy platinum, which, 
while remaining to all appearance unchanged 
themselves, are yet able to alter completely the 
conditions of the system in which they are 
placed. We may suppose that the system before 
the introduction of these agents was in partial 
equilibrium only, in consequence of certain de- 
compositions and recombinations not being able 
to take place, perhaps because the collisions 
alone were unable to split up the molecules ; but 
that when these agents are introduced secondary 
chemical actions produce decomposition of the 
molecules, find so render all the processes rever- 
sible, the equilibrium which was before only 
partial becoming complete. Since a system in 
‘ partial * equilibrium may be widely disturbed 
by the introduction of an excessively small 
change of some kind (such as the presence of a 
minute quantity of spongy platinum), it corre- 
sponds to what in dynamics is called unstable 
equilibrium, and might have been called so here 
if it were not rather straining the customary use 
of the word to apply it to a state which may lasi 
for an indefijiite time. On the other hand, if a 
very small quantity of a catalytic agent were in' 
troduoed into a system in ‘complete’ equili 
brium, it would not produce a finite change ; sucl 
a state corresponds to what inordinary dynamici 
is called stable equilibrium. We may regarc 
catalytic agents as reducing a system from partia 
to complete equilibrium. 

The difference between ‘ partial ’ and ‘ com 
plete * equilibrium may be summed up as fol 
lows : when a system is in * partial ’ equilibriun 
the quantities of some of the constituents ma; 
be altered without any change in the otherB 
while in * complete ’ equilibrium a change in thi 
quantity of one of the constituents involves i 
change in the quantities of some or all of th 
others. The introduction of an indefinite!; 
small amount of a third substance, or the com 
munication of an indefinitely small quantity o 
energy, to a system in * complete ’ equilibriun 
will only produce an indefinitely small chang 
in the state of equilibrium, while the state of 
system in ‘partial’ equilibrium may be pre 
foundly modified by the same means. 

KiNEMXTiaiL Methods of considering Chemica 
Equilibrium. 

We must now go on to discuss the theory < 
chemical equilibrium, considering at first the ca» 
where theequilibrium is ‘ complete.* The questio 
may be discussed from two points of view — the one 
kinematical, the other dynamical. We shall begin 
with theories founded tipon kinematical princi- 
ples, as, though their application is more limited 
than those based upon dynamical ones, yet as far 
as they go they afford us a clearer view of the 
subject, and are therefore better fitted for an in- 
troduction to it. They have also the advantage 
over the dynamical theories of giving us some 
information about the behaviour of tne system 
before it reaches the state of eqailibrium. 

f r 2 
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The Idnematioai theories depend upon the 
eoDoeption which we owe to Clansius and 
Williamson, that in reversible chemical pro- 
cesses, such ae the dissociation of a gas, the 
nolecnles of the gas are continually splitting 
ip, and the atoms which are thus produced are 
jontinnally recombining.* When the state of 
equilibrium is reached the number of molecules 
iecomposed in unit time must equal the number 
[ormed in the same time by the recombination 
)f the atoms. Let us now consider the applica- 
tion of these principles to the simplest case of 
shemical combination we can choose, that of the 
lissociation of a diatomic gas into atoms. Since 
the molecules are continually splitting up, the 
time each molecule exists without decomposi- 
tion ia finite, and though this may vary from 
molecule to molecule the mean of such time 
will, however, be finite, and we shall call it the 
' pairod ’ time of the molecule and denote it by 
f,. The mean time an atom remains alone 
and free from other atoms, we shall call the 
‘ free’ time, and denote it by t‘ ; since an atom in 
order to recombine must come close to another 
atom, the time an atom remains free will be 
inversely proportional to the number of collisions 
it has with other atoms, and therefore inversely 
proporvional to the number of such atoms in 

unit volume. We may therefore put t' =» 

fV 

where n ia the number of free atoms in unit 
volume. To simplify the calculations, let us 
suppose that the time each moleculo remains 
paired is the same for all molecules and equal 
to the paired time, and that the time an atom 
ia free is the same for all atoms and equal to 
the free time. Then if N be the number of 
molecules in unit volume, the number of mole- 
cules which split up in a short time, 8f, will be 

£??, for we may suppose that the rate at which 

*i 

the molecules split up remains constant for the 
time but if sc^ N will split up during this 
time, BO that the number which splits up in 

unit volume in the time Si will be similarly 

the number of atoms which pair in the time St 

will be ~ df, that is ~St. Thus, if 5N is the in- 
t' t 

crease in time St in the number of molecules in 
unit volume, 


A * 


'fT+it " 


s+s 


Hence, 


N = 


similarly, 


dN. 

dt * 
dn 
dt * 


■Gt-?)” 


1 n* 

2 r 

' “ 


N 

■ K 

n> 


2S(A~a») 

A* 

S(2a'-a) 

A‘ * 

So that equation (1) becomes 
' 2(A-Ar _ T 

But if the temperature remains constant S is 
proportional to the initial pressure p, so that 
we may write this equation as 

jP(A — A’)* T 

(2Anr:4a^“(^o°°®^ant)-^ . , (2) 

The result that •fj— ^ is constant, was 
(JA* — A)A' 

obtained by Willard Gibbs from thermodynamical 
considerations, and was shown by him (Am. S. 
17,277) to agree with the results of experiments 
on the vapour densities at different pressures 
of nitrogen peroxide, and acetic and formic 
acids. More recently a most elaborate deter- 
mination of the vapour density of nitrogen 
peroxide at different pressures has been made 
by E. and L. Natanson (W. A. 24, 464), 
with the result that at a constant temperature 
P(A~a»)2 
(2A'-A)A> 


is constant. Tho preceding invest! • 


When the gas has reached a steady state ^ 

dt 


and ^ both vanish, so that 

dt W c, 


( 1 ) 


From this expression we can find the vapour 
density of the gas when it is in the steady 
state. Lot A be the density of the normal gas, 
and A' that of the disspoiated gas at the same 
pressure; then, if S is the number of molecules in 
^t vplomeqf the normal ^ before dissooiation, 


gation shows that when a dissociable gas obeys 
this law must be independent of the density, 

and therefore, since t does not depend upon the 
pressure, t, cannot do so ; but if f, is indepen- 
dent of the pressure, the decomposition of the 
more complex molecules cannot bo produced by 
collisions with molecules or atoms of the same 
kind, for if it were f, would diminish as the 
pressure increased. There does not appear to 
be any reason for supposing that on the kinetic 
theory of gases the collisions between the mole- 
cules must of necessity produce decomposition. 
There must be a limit to the velocity with which 
a particle is moving, for it is evident that the 
kinetic energy possessed by a single particle 
must be less than the kinetic energy in the 
smallest quantity of the gas which exhibits the 
property of the gas when in bulk. Thus, if a 
million molecules are sufficient to make the gas 
possess this property, the greatest value of the 
square of the velocity of a molecule would be a 
million times the velocity of mean square at this 
temperature, and fherefore the square of the 
relative velocity of the atoms in a molecule 
after being struck by another molecule must be 
less than this value. The atoms in the mole- 
cule will not, however, part company unless the 
square of the relative velocity exceeds a certain 
value, depending upon the distance between the 
molecules, the law of force between them, and 
the intensity of this force at unit distance, so 
that the force may be so intense and the atoms 
so near that to split up the molecule the rela- 
tive velocity of the atoms would have to be 
greater than that which could be produced by ft 
oqUifipn with ftnjr molecule in ths gas. 
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To vetnrn to formula (1), we see that if x 
denotes the ratio of the number of dissooiated 
atoms, ft, to S, the number of molecules originally 
present in unit volume, then 






(3)r 


or if only a small fraction of the molecules is 
dissociated 



go that in this case the amount of dissociation is 
inversely proportional to the square root of the 
pressure. , 

By observing the amount of dissociation 
when the gas is in equilibriu&i, we can determine 


XT 

X, and hence by equation (3) S or ^ 

t,a 

this latter quantity is x times the ratio of the 
free to the paired time, so that by determining 
the vapour pressure of a gas when in a steady 
state, we can determine the ratio of its free to 
its paired time. Thus by comparing equation (3) 
with the result of Lemoine’s experiments on the 
dissociation of HI, we find that, under atmo- 
spheric pressure, at 1250*^ the paired time is 1-32 
times the free time, and at 900° only i. We 
cannot, however, by observations on the gas in 
the steady state determine the value of either 
of these times absolutely ; if, however, we have 
determined their ratio m this way, we can, by 
observing the velocity of dissociation, determine 
the * free ’ time of the atoms, for from equation 
(1) we have : 


<in^2N_n‘^ 
di \ r 


^2S-n ^ 

“ * 

If we denote by c, which can be found 

Ot j 

by observations on the steady state of the gas, 
the solution of this differential equation, if 


<. = S(2c-h9 


i.1 

“ 2a « + JSc + a 


— ~ + constant. 


BO that if f, is the time required for the number 
of atoms to increase from n, to n. 


1 loir (»i + ^Sc-a) K + ^Sc + g) ... 

2a (n, + ^Sc+a) (nj + ^Sc-al^T '' 
Hence, if we observe the time taken for the 
dissociation of a known ffaction of the gas we 
shall be able to find from this *equation the 
‘free time,’ and then, as from observations on the 
steady state we know the ratio of the paired to 
the free time, we can find the paired time. 

The same principles can be applied to more 
eomplioated oases of equilibrium, such as the 
combination of hydrogen a{id iodine to form 
hydriodio acid. We shall suppose that the 
molecules of hydrogen and iodine and hydriodio 
acid are continually splitting up into atoms, 
and that these atoms are constantly rooumbining 
and forming molecules. In this ease we have 
Ave things to consider, the hydiogen molecules 


and atoms, the iodine molecules and atoms, and 
the hydriodio acid moleouleB. 

Let m and n be the number of hydrogen atoms 
and molecules respectively ; 

j>and q the number of iodine atoms and 
molecules; 

r the number of hydriodio acid molecules ; 

f„ tj, ift the times two atoms remain paired 
together in the hydrogen, iodine, and 
hydriodio acid molecules, respectively ; 

-J, - the times a hydrogen atom is free from 
a hydrogen and iodine atom respectively ; 
the time an iodine atom is free from 
another iodine atom ; 

M and N the total number of hydrogen and 
iodine atoms respectively, whether free 
or in combination with other atoms. 

Then By the same reasoning as in the case 
of dissociation : 

dt f, T, T, 

dn m^_n 
dt T, 

^ 4 . ^ 

dt t, T, 

^ 2 
dt Tg 

dr_^mp_^r 
dt Tg IT 

m + 2n + r = M 
^ + 22 + r = N. 


When the system has got into a steady state, 
m, n, p, 2 , r are all constant, so that the above 
equations may be written : 

wi* n p* 2 ** /fi\ 

T, -V T, 

In solving these equations we may assume that 
the number of free atoms of hydrogen or iodini 
is very small compared with the number of 
moleoules ; so that n = j;(M - r) and g - ^ (N -r) ; 
hence from equation (d) we get : 

• • <*> 

T,Tg 

If equivalent quantities of hydrogen and iodine 
are present M = N and we have : 


'{tg?}*'"- 


In this case the ratio ~ is independent of the 
M 


pressure. ^ 

• Lemoine has made a very extensive series of 
experiments oq the combination of hydrogen 
and iodine (A. Ch. [5] 11). In the foUo^x^ 
table the results of his experiments are compared 
with those given by equation (6) ; the value of 


being determined by making the observed 
and calculated results agree when N » M* 
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ComhmaHon of hydrogen and iodine at 440®. 
Proportion oi Batio of free hydrogen to the 


H-fL 

H + I 
H-r-7841 
H + -627I 
H + -258I 


total quantity of hydrogen. 
Observed. Calculated. 


•240 

•860 

•64T 

•774 


•240 

•342 

•619 

•750 


We see too from equation (6) that if M is very 
large compared with N, then r-N; that is, if the 
iodine it enormously in excess, the whole of the 
hydrogen is combined with iodine; in other 
other words there is no dissociation of the 
hydriodic acid ; the effect of an excess of either 
hydrogen or iodine on the dissociation of HI is 
given by equation (G). 

We could make other assumptions about the 
way in which the hydriodic acid was formed 
from the hydrogen and iodine which would lead 
to the same results for the equilibrinnf^condition, 
but which could be distinguished from the pre- 
ceding assumptions by observations on the rate at 
which dissociation takes place. Thus we might 
suppose that the combination of hydrogen and 
iodine takes place by a molecule of hydrogen 
coming close to one of iodine, and that these 
molecules emerge from the collision as two mole- 
cules of hydriodic acid. The decomposition of 
the hydriodic acid might be supposed to be 
caused by two of its molecules coming into 
collision and emerging as two molecules of 
hydrogen and iodine. In this case, if n, g, r, 
represent the number of molecules of hydro- 
gen, iodine, and hydriodic acid respectively, 

5! the time a molecule of iodine exists without 

r 

combining with one of hydrogen, ~ the time a 

h 

molecule of hydriodic acid exists without com- 
bining with another to foim two molecules of 
hydrogen and iodine ; then 

dr 

lit t\ I,’ 

and when there is equilibrium 


h 

This is an equation of exactly the same form 
as that previously obtained on the other hypo- 
thesis, so that by observations on the equilibrium- 
condition we could not distinguish between them. 
The two hypotheses lead, however, to quite dif- 
ferent expressions for the velocity with which 
various changes taka place. Thus let us con- 
sider the rate at which a quantity of HI would 
dissociate according to the first hypothesis ; in 
this case the initial rate of dissociation is given by 
dr^ r 

dr^tf 


readily be distinguished by observations on 
rate of dissociation. 

We can apply the above principles to any case 
of the combination of gases, but after what we 
have given, the reader will have no difficulty in 
making the investigation for himself, and we 
shall merely give the results. 

Three monovalent gases, A, B, C, are mixed 
together ; A can combine with both B and 0 to 
form the compounds AB and AO respectively, but 
B and C cknnot combine ; we wish to find how 
much of each compound is formed. 

Let n, g, s, u, v, be the number of molecules 
in the steady state of A, B, C, AB, AC respec- 
tively, then we cun prove r 


= ang^ 
v^ = ^ns 




where a and /3 are constants, of which a does not 
depend upon C nor 3 upon B. Thus the number 
of molecules of the compound AB formed is pro- 
portional to the geometric mean of the number 
of free molecules of A and B, and similarly the 
number of molecules of the compound AO is pro- 
portional to the geometric mean of the number 
of free molecules of A and 0. 

Wo see from the equation that the same pro- 
portion of gases will enter into combination at 
all pressures. If M, N, P are the total number 
of atoms of A, B, 0, respectively, in the vessel, 
then equation (7) may be written 

W*«=ia(M -W-v)(N-'U) ^ , /QV 


hence 


„ N - w 

V* P-v * 


Suppose that 0 is largely in excess of A and B, 
then P - V will be large compared with N~w, so 
that V must be large compared with ti,that is, 0 
absorbs practically the whole of A, and only a 
very small quantity of the compound AB is 
formed ; if, however, both A and C are Iwrgely in 
excess of B then there is very little free B, the 
whole of it being converted into AB. Equation 
(8) enables us to find how much of each com- 
pound is formed when the substances are mixed 
in any proportions. 

Another case we can solve by the same prin- 
ciples is when we have four substances, A,B,C,D, 
such that if their molecules are represented by 
I A}, IB}, {C|, {D} ; the way they act on each 
other IS expressed by the equation 

a}A}+3[B}=7lO]+8|D}. 


the action being reversible ; that is, A and B act 
on each other to produce C and D, and 0 and D act 
on each other so as to produce A and B. Then if 
p, q, r, 8 are the numbers of molecules of A, B,' 
C, D respectively, we may prove by the method 
just described that 

as Kf'S^ (9) 


Moording to the second ^ 

Thus according to the first hypothesis the 
quantity of hydriodic acid dissociated in a short 
time iB proportional to the pressure, while accord- 
ing to tne second it is proportional to the square 
qf the pressure, so that the twohypotJieses could 


when K is independent of jp, q, r, and s. If 
o + 3 = 7 + 8, that is, if the chemical action does 
not produce a cha^e in the number of molecules, 
the relative amoufits of the substances produced 
by the action will bo independent of the pressure. 
If P, Q, P', Q'aro the masses of A, B, 0, D present 
initially, o€, 3{ the number of molecules of A 
and B which have disappeared, and 7 {, 8{ the 
number of molecules of A and B which have ap 
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peared when eqoilibrium is reached, then equa<, 
kion (9) may be written 

(P-a|)-(Q-i80^-*«(F + 7mQ' + 8|)* . (10). 

Thus if P'Q^ is greater than f is positive, 
that is, the A and B molecules combine to form 
0 and D ; but if P*Q^ is less than kP'^Q", | is ^e- 
gative, that is, the 0 and D molecules combine 
to form A and B ; thus the nature of the chemical 
action depends on the relative amounts of the 
combining substances initially present. This is 
an example of what is called nass tuition, which 
we shall consider more in detail in the following 
paragraph. For other examples of the applica- 
tion of this method we may refer to a paper by 
J. J. Thomson on chemical combination (P. M. 

18, 232). 

Quldberg and Waage's Theory. 

A theory of chemical action based to some 
extent on kinematical principles was given by 

Guldberg and Waage in 1867 {PAudes sur Us , 

AffiniUs Chimiq'ues), and an extended applies- I amounts of HCl and NaNOj are large compared 
tion in 1879 {J. pr. 19, 69) ; the results of this I with those of NaCl and HNOj, the reaction which 
theory have been compared by the authors and ; goes on will be the conversion of NaNO, into 
others with the results of a large number of ex- j NaCl and HNOj ; but if the quantities of HCl and 
periments. The theory may perhaps beat be NaNO, are small compared with those of NaCl 
illustrated by considering a special case. Tjct us and HNO, the reverse action will go on, and 
BU|^o^ have four soluble substances, ^ NaCl and HNOj will be converted into NaNO| 

and HCl. This effect of the quantities of the 
various substances in determining the nature of 
the chemical reaction is called mass action. 

If we put P = Q, B=>0, S = 0, equation (11) 
becomes 


the smaller of the two quantities E and S. This 
root IS given by 

., *(P+Q) + «c^{B + S) 



± . //«(P + Q + «;(Bjj)\» «tPQ~KTtS 
V I 2(^-ie') / K-ie' 

the + or — sign being taken according as 
is negative or positive. 

From equation (11) we see that if P is 
very much greater than Q, R, and S, Q-f must 
be very small, that is, nearly the whole of B 
must combine ; thus if we mix a large quantity 
of hydrochloric acid with smaller quantities of 
NaCl, HNOj, NaNOj, nearly the whole of the 
NaNOj will be changed into NaCl. Again, if 
«PQ IB greater than «'ES, { is positive, but if less, 
then { is negative; thus the way the reaction 
goes will depend upon the relative amounts of 
the combining substances initially present. 
Thus, !f, in the case before considered, the 


A, B, C, D, in solution, and that these substances 
are such that A by its action on B produces 0 
and D, while C by its action on D produces A 
and B ; we may suppose that the four substances 
are hydrochloric acid, sodium nitrate, nitric acid, ' 
and sodium chloride. Letp, q, r, 5 be the masses 
of these substances, respectively, expressed in 
gram-equivalents, v being the volume in which 


Now if P and R are acids, Q and S salts, 

they are contained, then I*, i £ are called which the base divides itself be- 

V* V* V* v* j tween the acids A and B respectively, so that 

by Guldberg and Waage the active vuisses of the . k . j xi. x* • 

four substances, and they assume that the amount ! ^ square of the ratio iff- 


of A and B which in unit time changes into C and 
D is •proportional to the product of the active 
masses, and may be expressed by 

V V 

where k is what they call the coeflSoient of affi- 
nity of A and B ; similarly the amount of C and 
D which in unit time passes into A and B is 

nftL, 

V V 

where le' Is the coefficient af affinity of 0 and D. 
When the system is in equilibrium the amount 
of A and B which passes into 0 and D in unit 
time must equal the amount of C and D which 
pusses into A and B, so |hat 

Kpq =» ic'rs, • 

or if P, Q, R, S, are the amounts of A, B, 0, D, 
initially present, and | is the number of equiva- 
lents of A and B which change into C and D, 
this equation may be written, 

«(p-«(Q-e)-'c'(R^{)(s+0 . . (11) 

This is a quadratic equation to determine ^ ; but 
we may easily show that it has only one admis- 
sible root, for if { is positive it must not bo 
greater than the smaller of the ijuantities P and 
and it negative it must not be greater than 


which the base divides itself between the acids. 

Convparison of Guldberg and Waage' s Theory 
with Experiment. 

E t her ific a ti 071.— Quldberg and Waage 
have compared their theory with the results of 
tho experiments of Berthelot and St. Gilles upon 
etherification {A. Ch. [3] 65, 385 ; 66, 1 ; 68, 
225). If A, B, C, D are respectively acetic acid, 

water, ether, and alcohol, they find ^"AThe 

'observed and calculated effects of mixing these 
substances in different proportions is given in 
the following table : — 


Initial quantities of 

Quantity of aoetloscld 
which enters Into 
oombinatkm 

ttcotio 

acid 

water 

ether 

alcohol 

observed 



OOloOlRtid 

P 

Q 

R 

S 



1 

0 

0, 

1 

•665 

•667 

, 1 

0 

0* 

2 

•828 

•845 

1 

0 

0 

4 

•902 

•980 

2 

0 

0 

1 

•858 

•845 

1 

0 

1*6 

1 

•521 

•493 

1 

3 

0 

1 

•407 

•409 

1 

23 

0 

1 

•116 

•131 

1 

98 

0 

2 

•073 

•075 
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Division of^ a base between two acids^ 
Thomsen’s ex^riments. ThomseO) by measaring 
the thermal changes accompanying the reaction, 
was able to calculate the distribution of the 
masses (Thomsen’s Thermochemische Unter- 
swhungmt 1, 98j . When A, B, 0, D were respec* 
tirely nitric acid, sodio^ sulphate, sulphuric 
acid, and sodium nitrate, Thomsen found that 

and when they were mixed in different 

proportions the results were given in the follow- 
ing table, where Q>il, B«»0, S<»0:— 


P equivalents of nitric acid + 1 equivalent of 
sodium sulphate 


p 

4 

1 Heat absorbed 

observed 

calculated 


•121 

452 

462 

1 

•232 

808 

828 

i 

•423 

1292 

1331 

1 

•667 

1752 

1773 

2 

•846 

2024 

1974 

8 

•903 

2060 

2019 


The following tables, derived from Thomsen’s 
experiments, are given by Guldberg and Waage 
(J.pr, 19, 87):— 


Belative values of «. 


Table I. 

BobstaaoeA 

SubataQoe D 

a 

HCl 

Nad 

1 

HNO, 

NaNO, 

1 


4(Na,SO,) 

•25 

l(Na.,C,0,) 

•0676 

H,PO. 

NaH^PO, 

•0625 

i(C,H,NaA) 

•0025 


|(C,H,Na,0,) 

•0026 


OsHiNaO, 

•0009 

HBO, 

• NaBO, 

•0001 ' 

Table U. 

flabetance A 

Substance 1) 

K 

HOI 

Chloride of a 
metal 

1 

mm 

sulphate 

•26 

where the metal may be potassium, sodium, or 

ftmmomum. 

Table III. 


BUbetanoe A 

Sabstance D 

I . 

Hd 

Ohloride of a 
metal 

1 

«H.SOJ 

sulphate 

•5 


where the metal may be fig, Mn, Fe, Zn, Co, Ni, 


Co. We see, therefore, that the value of ~ is 

k' 

almost independent of the nature of the b^e. 

Ostwald repeated the experiments, using the 
ohmige in volume of the solution to determine 
ibo distribution of the substances. The experi. 
ments are described and the results given in the 
A^VnulXT fvoh i- D, 75). 


heterogeneous eye fsm#.— Bo far we nave 
only considered those cases in which the four 
substances are in the same condition, being 
either all soluble or all gaseous ; we can, how- 
ever, apply the same considerations to the case 
when one of them, D suppose, is an insoluble 
solid. In this case if the extent of surface of O 
exposed to the solution does not alter, its active 
mass is constant ; thus, using the same notation 
as before^, we must regard a as constant, and 
then the equation becomes 

Kjog = K'rs, 

or since s is constant, 

(P-{)(Q-a=c(B+£). 

where c is . This expression has been vert- 

fied by W. Engel {J.pr. 19, 94) for the case where 
A, B, 0, D were respectively oxalic acid, chloride 
of calcium, hydrochloric acid, and calcium oxal- 
ate. The results are given in the following 
table 

1 equivalent of calcium chloride + P equi- 
valents of oxalic acid. 


Qzallo acid 

i 

Quantity of calcium oxalate 
precipitated 

observed 

calculated 

P 



•398 

•386 

•386 

•596 

•669 

•668 

•795 

•744 

•736 

■994 

•873 

•863 

1-491 

•967 

•961 

1-988 

•973 

•979 

1-000 

•863 

•864 


If two of the four substances, B and D, are 
insoluble, then if the surfaces remain constant 
their active masses are constant, and the equation 
Kjpq^K'ra 

will become * 

(P-0 = c(R + {). 

where c is a constant and equal to — . This 

Kg 

expression has been tested by Guldberg and 
Waage for two oases (/. pr. 91, 92), The first 
case is when A, B, 0, D are respectively potas- 
sium sulphate, barium carbonate, potassium 
carbonate, and barium sulphate ; they found that 
when the system had reached its state of equili- 
brium, the quantity of potassium sulphate was 
^ that of the potassium carbonate. The effect 
of mixing the substances in different proportions 
is given in the following table : — 


Initial quantities 

1 Quantity combined 

potassium 

sulphate 

• potassium 
carbonate 

^ ob- 
served 

oalotN 

lated 

P 

R 



0 

3-5 

•719 

•700 

0 

2-5 


•600 

0 

2 

•395 

•400 

0 

1® 

•176 

•200 

•26 

2 


•200 

•25 

2-6 


•800 

•25 

8 


•400 

•26 

8-8 

•698 

> *660 

•50 

2 

trace 

! *000 
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MGond case o! this kind investigated by 
Childberg and Waage was when A, B, 0, D \^ere 
respectively sodinm sulphate, barium carbonate, 
a^um carbonate, and barium sulphate ; they 
found that in this case when the system had 
reached its state of equilibrium the quantity of 
sodium sulphate was | of the quantity of sodium 
carbonate. The effect of mixing the substances 
in various proportions is given in the following 
table ♦ 


Initial quantity of 

Quantity combined 

sodium 

sulphate 

sodiunT 

carbonate. 

ob- 

served 

calcu- 

lated 

P 

K 



0 

6 

•837 

•833 

0 

3-5 

•605 

•683 

0 

2 

•337 

•333 

0 

1 

•157 

•167 

•2966 

3 

•234 

•264 

•2966 

3-86 

•438 

•896 

•2956 

4*10 

•440 

•437 

•2966 

4-73 

•658 

1 

•543 


The method we previously described will lead to 
the same results for the equilibrium of hetero- 
geneous substances as Guldberg and Waage’s 
method. 

The preceding instances show that in a large 
number of cases Guldberg and Waage’s formula 
represents accurately the state of 
equilibrium ; nevertheless as given by Guldberg 
and Waage the formula must be regarded as 
almost empirical. The reasoning they give is 
only applicable to the special case of combina- 
tion when the two molecules A and B after 
coming into contact separate as two molecules of 
A' and B' ; the reasoning as they give it is not 
applicable to the case where the molecules of A 
and B liave to split up into atoms before com- 
bination can take place, though if we use the 
kinematical method previously described we shall 
arrive at the same formula, in this case, if the 
chemical equivalents and the molecules are iden- 
tical. The agreement of the formula with the 
experiments in some cases throws some light on 
the constitution of the molecules which take part 
in the reaction. Thus take the case represented 
by the equation 

H,S 04 + 2NaN0, - 2HN0. + Na^SO, 
p Q r s 

Now if the molecule of sodium nitrate is repre- 
sented by NaNO,, the molecule of HjSO^ has to 
oome into collision with two molecules of NaNOg 
simultaneously for combination to take place, 
and the number of such collisions is proportional 
to pg^. Again the number of colUsions which 
can give rise to the reverse chemical Mtion will 
be proportional to fa*, so that for equilibrium 
a kVs*. 

If we compare this formula with Thomsen’s ex- 
periments on this reaction we shall find that it 
does not agree at all well with the results, while 
the formula Kpq » kVs does •so. Again, if we 
consider the question from the dynamical point 
of view (v. n. 442) we shall also arrive at the 
equation f^*»ic'fa*, if we assume that the 
molecule oi sodiclm nitrate is represented by 
NaNO, ; if on the other hand wo assume that the 
molecule is represented by Na,NaO„ both methods 


lead to the equation *> kVs, which is vei^ified 
by experiment. Henan we conclude, either that 
the relative composition of the molecules is re- 
presented by the scheme HjSO,, Na,N,0„ NajSO,, 
H^NgO,, or else that a salt solution is in no way 
analogous to a number of particles of the salt 
moving about in a volume equal to that of the 
solvent. It may be well to remark that we can- 
not get over the difficulty by assuming the above 
reaction to take plaice in two stages, thus 
HgSO, + NaNO,=HNaSO,-f. HNO, 
HNaSO, NaNO, = NagSO. -»• HNO.. 
Ostwald’s researches (v. ArriKirv) show that the 
ratio in which a base divides itself between two 
acids is generally independent of the nature of 
the base, though if one of the acids is HgSO, 
there are exceptions to this rule. We may 
therefore regard k as the product of two 
factors a and j3, of which a depends only upon 
the acid add jS only upon the base, while x' will 
be the product of 3 and another factor a' which 
depends only on the other acid ; the ratio of x 
to k' will then be the same as the ratio of « to 
a, and will depend only upon the acids. If we 
apply the method given on p. 436 to this case we 
can see how this may be brought about. Let us 
consider the reaction 

HCl + NaNO, = HNO, + NaCl. 

Let jp, g, r, s be the number of molecules of 
HCl, NaNO,, HNO„ and NaOl respectively, f,, 

^ 4 , the paired time of these molecules, and let 
Xf y, B, tv be the number of free atoms of H, Cl, 

NO,, and Na respectively, the time an atom 
*■1 

3 

of H is free from one of Cl, — the time an atom 
Ts 

of H is free from one of NO,, ~ the time an 
atom of Cl is free from one of Na, and ~ the 

V, 

time an atom of NO, is free from one of Na; 
’ then, by the method on p. 437, we have the fol- 
lowing equations 

dp __ P 

di ” T, f, 

dg BW 

dt T, “* f, 

dr XB t 

df T, ^ i, 

ds wy » 

dt “ T, " ^ 

So that when there is equilibrium 


tit. 


■n 


wm » * 


. (1«) 


Tg, T,, t„ t, are the only quantities which depend 
upon the base. We may regard the salt as made 
up of two systems, the radicle and the base, held 
together by forces be^een them ; these forces 
depend upon the relative configuration of 
the two systems, and we may suppose that this 
force vanishes when the two systems have sirndl- 
taneously the configurations a and i8. 

Ti, T, are ^e times of vibrations of the systems 
about the configurations a and & respeotivuy, the 
time which elapses between the two systems ibav- 
ing this conjuration and entering it agsift will, ii 
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T, and T, aie inoommensniaWe, be T, xT„ so 
that if the system can get into the state in which 
the force between them vanishes, the longest 
time they can exist witboat doing bo will be 
T, X T„ and thus the paired time will be propor- 
tional to T, X Tj. The two systems will probably 
vibrate approximately as il they were free, so 
that, approximately, T, will only depend upon the 
radicle and T, on the base ; thus, since the base 
in KaCl is the same as in NaNO„ the ratio of 
ti to tf will be independent of the base. Again, 
when the base and radicle come together again after 
having been dissociated, the force between them 
will depend upon their configuration, and we 
may suppose that unless the atoms are in cer- 
tain configurations the force between them will 
not be sufficient to cause them to enter into com- 
bination. If T,', Tj' are the times of vibration 
of the radicle and the base about these configu- 
rations, the time which will elapse, between the 
systems leaving this configuration and entering 
it again will be T, ' x Tj , the longer these intervals 
are separated the less chance will there bo of the 
system entering into combination, and the free 
time will be proportional to T,' x ; since one 
of these factors depends only on the base, and the 

other only upon the radicle, — * will be indepen- 

dent of the base, and therefore by equation 
(15) the proportion in which the base divides 
itself between the two acids will bo independent 
of the base. (For another method, partly kine- 
matioal, v. Pfaundler, P. Juhelbd. 182, 131, 55.) 

Dynamical Methods. 

In any dynamical system in a steady state 
there is a certain quantity called the Lagrangian 
Function (T - V, where T and V are respectively 
the mean kinetic and potential energies of the sys- 
tem) which reaches a maximum value when the 
system is in a steady state, and the knowledge 
of the expression for this quantity enables us to 
determine the coiifiguration of the system when 
in this state. Exactly the same thing holds for 
the physical and chemical systems whose equili- 
brium we are now considering. It may be proved 
(see Applications of Dynamics to Physics and 
Chemistry^ J. J. Thomson, chap, ix.) that when 
such systems are in a steady state their mean 
Lagrangian Function has a maximum value, and 
that all the circumstances of the equilibrium can 
be obtained by making use of this property. We 
shall for brevity call the mean Lagrangian Func- 
tion, the quantity which has this property, the 
‘directrix’ of the system, as the behaviour of 
the system is entirely regulated by this func- 
tion. 

The directrix is closely analogous to what in 
thermodynamics is called the entropy of the sys- 
tem, and the theorem that in the steady state 
the * directrix ’ is a maximum is analogous to 
Clausius* theorem that^the entropy of the sys- 
tem tends to a maximum. Willard Gibbs {Eqnilu 
briuin of Heterdgeneous Substances ; Am. 8. 16, 
442), Horstmann {B. 12, 64), Liveing {Chemical 
EqiUUbrwm the result of the degradation of 
Energy) (Planck, W. A. 80, 562; 81, 189; 82, 
462), have treated the subject of chemical equili- 
brium from this point of view. As the problems 
can, however, bo solved by purely mechanical 


principles it seems preferable to do so. Thoo^ 
we can obtain theoonditions of equilibrium both 
from mechanical principles and from the Second 
Law of Thermodynamics, it does not follow that 
we can therefore deduce the Second Law of 
Thermodynamics entirely from mechanical prin- 
ciples. The Second Law of Thermodynamics 
consists of two parts: one, that every distribution 
of heat tends to uniformity, by heat passing from 
places of higher to places of lower temperature ; 
the othbr, that the entropy is a perfect dif- 
ferential ; the second of these statements, but not 
the first, can be proved by purely dynamical prin- 
ciples. It must be remembered that what we show 
is that if the system dees reach a steady state, 
the directrix must be a maximum ; we cannot, 
however, prove that it must reach this state; 
this has to be deduced from observation. 

In order to apply this method to find the 
conditions of equilibrium for chemical systems, 
we shall require the expressions for the directrix 
both for a mass of gas and a mass of liquid. If L, 
be the directrix for a mass | of a gas, which obeys 
Boyle’s Law, and whose density is p, and abso- 
lute temperature 0, then (J. J. Thomson, Apph~ 
cations of Dynamics^ chaps, x. and xi.) 

L, = log -f- i Afl + ^Bd log fl - iV, . (13) 
P 



sure ; A, and B are constants, and V, is the 
mean potential energy of the molecules of unit 
mass of the gas. 

The directrix L^ of a mass t? of liquid, free 
from strain, electrification, (&o., is given by the 
equation 

L,-t,^(4)-uVa . . . (14) 


when <p (9) is a function of the temperature, and 
Vj is the mean potential energy of the molecules 
of unit mass of the liquid. If tho liquid is 
strained or electrified, or if it possesses energy 
in virtue of its surface tension, we can easily 
calculate the correction to the directrix ; for, since 
the directrix is T-V, all that we have to do is to 
calculate the potential energy arising from the 
strain, d;c., and subtract it from the expression 
(14). Thus if the liquid is strained we must 
subtract from (14) where ft is the bulk 

modulus of the liquid, Vo its volume when un- 
strained, and cr is the compression ; again if tlie 
liquid has a free surface it will possess potential 
energy in virtue of its surface tension, equal to 
ST when S is the area of the surface and T the 
surface tension ; to get the directrix in this case 
we must, therefore, subtract ST from the value 
given by (14), 

To illuitrate the method of solving problems 
by this principle, let us take the case of the 
evaporation of a liquid in a closed vessel. We 
have here two systems to consider : the vapour 
and the Hqaid ; if ( is the mass of the vapour, 
which we shall assume to obey Boyle’s Law, its 
directrix L, is giyen according to (13) by 


log &+{A»+{B» log 

P 

while il n if the mass of the liquid, its directrix 
L. is given by 
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ind II A it the dixeotrix of the whole syetem, 
AmLi + Lj. 

When the system is in equUibriom A must be a 
maximum, so that if we suppose a mass H of 
the liquid to evaporate we must have in the, 
state of equilibrium 

^-0 . . (16) 

Since the sum of the masses of the vapour and 
liquid is constant ^ — 1, so that equation (15) 

leads to the relation 

B01og^ + Re ’ + A0 +3eioge - <p(e) - (v, -v.)=0 

p or 

( 16 ) 

where <r is the density of the liquid. This gives 
the expression for the vapour density p of the 
liquid at the temperature d. 

It may be well to consider this case more in de- 
tail. Let us suppose that we start with some of the 
liquid and no vapour : then the system will move 
BO as to increase the directrix ; now at first when 
p-O the rate of increase of L, with ^ is infinitely 
great, so that A will increase if a small quantity 
of the liquid evaporates, and therefore, by the 
principle just stated, evaporation will take place ; 
as more liquid evaporates the rate of increase of 
L, gets smaller and smaller, until a point is 
reached where the increase in the directrix of 
the vapour, when a small quantity of the liquid 
evaporates, equals the diminution of the direc- 
trix of the liquid under the same circumstances ; 
when this point is reached the directrix will be 
a maximum and the system will remain in this 
state. If the external circumstances alter so as 
to affect the rate of change of the directrix of 
either the vapour or liquid as evaporation goes 
on, it will alter the point at which equilibrium 
is reached. Thus, for example, suppose that 
the liqyid is in the form of a spherical drop : 
then, in virtue of its surface tension, it will j 
possess potential energy proportional to its sur- | 
face; when it evaporates, the surface, and there- 
fore the potential energy, will diminish^ but 
since the directrix of the liquid is T— V, the 
diminution in the potential energy of the liquid 
when it evaporates will cause the directrix to 
diminish more slowly with evaporation than it 
would if the liquid were of such a form that the 
area of its surface did not change on evaporation. 
The evaporation will, therefore, have to go on 
further than before, in order that the rate of in- 
crease of the directrix of the vapour shall sink 
to that of the rate of diminution in the directrix 
of the liquid. The vapour pressure, therefore, 
when there is equilibrium ^ill be greater when 
the liquid is in the form of drops than when 
its surface is plane. If the drop, however, had 
been electrified, then, since the electricity is not 
carried away by the vapour, the potential energy 
of the liquid will increase as evaporation goes 
on, and the drop gets smaller, so that the same 
reasoning as before will show that the vapour 
pressure over an electrified d/op is leas than over 
one which is not electrified. These oases are 
examples of a corollary from the principle we 
are considering, which may be stated generally 
by saying that when the physical environment 
of a system is dianged, and the consequent 


ohuige in the directrix' of the system increases 
as any physical process goes on, then this pro- 
cess mil have to go on further in the changed 
state before equilibrium is reached than in the 
unchanged one, while if the change in the direc- 
trix diminiBhes as the process goes on it will not 
have to proceed so fay. The principle that the 
directrix is a maximum in equilibrium readily 
enables us to calculate the change made in 
the extent to which the process goes on. Thus, 
in the case of evaporation, if x is the change in 
the directrix caused by any change in the con- 
ditions, 5p the consequent change in the vapour 
pressure when there is equilibrium, then we can 
easily show that 


ip 


: JL i?, 

R0 <r — p di 


In the case of the spherical drop, x is minus the 
potential energy due to surface tension, or if a 

be the radius -ina^T, and since — . \r 

iiratr 


we get 

I. 

ff — p a R0 


Dissociation.-~''We can apply the same 
principles to cases of dissociation : let us suppose 
that we have a gas A which dissociates into two 
others, B and C ; let f , tj, C be the masses of these 
gases; p,, p.^, pj their densities ; v,, Oj, v, the 
mean potential energy of unit mass of their 

molecules; B„ B^, Bj, the values of ^ for the 

three gases respectively; then if Lj, L,, L, are 
the directrices of the three gases 


L, = CR,0 log A + eA,0 + {Be log e - {V, ; 

Pi 

with corresponding expressions for Lj and L,. 
A, the directrix of the whole system, is given 
by the equation 

A = L, +La + Ls; 
if t) is the volume in which the gases are con- 
fined P. = , P. =* - , P. = - . When the system has 

* V V V 

reached equilibrium, A is a maximum and 

therefore — ^ is zero, if c,, Cj, Cj are the com- 
d^ 

billing weights of the gases A, B, C, 
and 

di c^ d^ Cl 
So that the condition 

d( 

leads to the equation 

R,01ogPl- ^ K,e log R,«log 

Pi c, Pz c, Pt 

Ji,0) + (A, 


1 


-(Ri< 

+ (B, - B, - --"B,)0 log C-(u, - 
c, ' n 

or since 

CiBi«CjR,«c,R» 



m 

lhifiikajb«wnii«i 

eo 
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{v,-bv,-hv^ 


.(17) 


Where 0 and a are oonstanta, in the caea of 
the dissociation of an elei^^ntaiy gas into atomsi 
we mast suppose B and 0 to be the same, so that 
; thus equation (17) reduces to 

l^is equation is the same as that which we pre- 
viously obtained from kinematical principles, 
but expresses in addition the way the dissocia- 
tion varies with the temperature. Fonnulse de- 
rived from thermodynamical principles have 
been given by Willard Gibbs {Equilibrium of 
Hetw^eneous Substancest p. 169) and Boltz- 
mann (W. A. 22, 39). In WiUard Gibbs’s for- 
mula a is equal to -1, and in Boltzmann’s it is 
equal to zero. Natanson’s experiments on the 
dissociation of show that neither of these 
values of a agrees well with the observations. 
We see from (17) that if we have given masses 

of the substances, ^ is proportional to v, so that 

the greater the volume in which the gas is con- 
tained the greater is the dissociation. The effect 
of an excess of one of the products of the disso- 
ciation (o. art. Dissocution) follows at once 

from (17). 

^0, -I- v, is the increase in the po- 

tential energy when unit mass of the gas disso- 
ciates; it may be approximately measured by H, 
the amount of beat which must be supplied to 
the system to keep the temperature constant 
when unit mass dissociates ; when dissociation 
is accompanied by an absorption of heat, H is 
positive, when by an evolution, H is negative. 
Introducing H into equation (17) we get 




Cd-e 


(18) 


10 that if H be positive 0 when d is 0, and, 

So 

therefore, either or <“ must vanish, so that at 
the absolute zero of temperature there is no dis- 
sociation ; when 6 is infinite is infinite if a be 

... 

positive, Mi { most vanish, and therefore all 

the gas be dissociated ; if a be zero ^ is finite, 

{o 

and there is a finite amount of dissociation ; and 
If « be negative ^^is zero, and there is again no 

dissociation. We see from (18) that the greater 
the thermal changes accompanying dissocia- 
tion, other circumstances being the same, the 
smaller will be the amount of dissociation at 
a given temperature. • 

Dilut$ $olut4ons.-~8o far we have only 
eoxwidered gases,! but Van *t Hoff {UEquilibre 
cMmifue dam les »yaUme$ gazeux ou dissoiiB d 
Pitot dMuit Arehw. Nierlandais^^O, 239 [1887]) 
has pointed out that Pfeffer’s experiments on the 
einiotio pressures produced by salts dissolved in 
WUir (Hifffer, OznHotUchi Unterauchungen, Leip- 


zig, 1897), and Baoult’s experiments on the effeet 
of dissolved salts on the ^ezing points of solu- 
tions (A. Ch. [6] 4, 401), show that the molecules 
of a salt in a dilute solution exert the same pres- 
sure as they would exert if they were in the 
gaseous state at the same temperature, and occu- 
pying a volume equal to that of the liquid in 
which the salt is dissolved, and that the pres- 
sure exerted by these molecules obeys Boyle’s 
and Gay-Lussac’s laws. This being so, the direc. 
trix for the salt dissolved in the liquid must bf 
the same as that for an equal mass of gas filling 
the volume occupied by the liquid. The pre- 
ceding remarks are strictly true for such solvents 
as benzene or alcohol, but when the solvent is 
water there are many exceptions to them ; most 
inorganic acids and salts behave as if they exerted 
a greater pressure than this rule would indicate, 
and it has been suggested by Arrhenius that this 
is due to the dissociation of the salt in the solu- 
tion, though in some cases it would be necessary 
to suppose that dissociation amounted to more 
than 95 p.c. in order to explain the effect. We 
must remember that this representation of the 
behaviour of a solution is founded on the hypo- 
thesis that the solvent merely sustains the par- 
ticles of the salt or acid, and it would require to 
be modified if anything analogous to chemical 
combination took place between the salt and the 
solvent ; as such combinations do undoubtedly 
in many cases take place, it does not seem 
necessary to call in the aid of extreme dissocia- 
tion until it has been shown that the effects 
could not be explained as due to the chemical 
action between the salt and the water. The fact 
that in order to produce comparable osmotic 
pressures it is necessary to have in the solution 
the same number of chemical equivalents rather 
than the same number of molecules points also 
to this explanation. If we assume that the direc- 
trix of the dissolved salt is the same as that of an 
equal mass of the substance when gaseous and 
occupying the same volume, it is easy to calcu- 
late the conditions of chemical equilibrium be- 
tween them. For, let us take the case where we 
have dilute solutions of four substances A, B, 0, D, 
such that when A acts upon B it produces C and 
D, and when C acts upon D it produces A and B. 
Let {A|, {B{, {C}, {!)} represent the molecules 
of A, B, 0, D respectively, and let the chemical 
action which takes place be represented by the 
equation 

a{A}+6{B}-c{0|+d{D}. 

Let L 1 ?, Cl < represent the masses of these 
substances respectively, and let the directrices be 

+_t(A,«+B,« log *)-{«, 

fR,»logH^+ <{A,»+B.<llog«)-fw, 

log + •(A*® + B^e log 6) - tWt, 

where v is the volume of the solvent, let Q 
represent the directrix of the solvent, w,, Wp w], 
Wp being the potential energies of unit masses of 
the substances. If c„ c„ Og, are the com- 
bining weights of the four substanoes, and dL 
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1% dC, dt 9X9 oorresponding increments in their 
nasses { then the inoremente in the number 
)f moleonles of each of the substances are pro* 

portional to but by the nature 

}f the reaction which goes on between these 
substances, the increments in the number of 
naolecules must be proportional to a, b, —c, -^d, 
so that we have 

=3 ^ =3 * 

ac, bcj ccg 

nr ^ = ^ — ^ 

d( ac,* d\ ^ ac^ df ac, '' 

Then, since in equilibrium the directrix is a 

maximum, ^ must vanish; from this condition, 

and remembering equation (19), and that BjC, 
B/j =» R,c, = R^c^, we get 

^ (20) 

of 

when <tt(fl) is a function of the temperature, and 

to ■» f Itf, + VW3 + fWj + 

The value of ^ will bo zero if the proper- 
of 

ties of the solvent do not change as chemical 
action goes on ; in any case since the solutions 
are very dilute the properties of the solvent may 
be assumed to be changed by an amount propor- 
tional to the quantity of the salt dissolved, so 
that Q will be a linear function of f, n, C and 

therefore will be independent of { ; thus the 
«f • 

existence of the term involving Q will not modify 
the form of the equation, but is at most equiva- 
lent to a slight alteration in the value of 

4*?, the increase in the potential energy of the 
di • 

system when the mass of ^ is increased by unity. 
It may be shown (v. J. J. Thomson, Applicatiotis 
of Dynamics to Physics and Cfieniistry, p, 278) 

that 

" - (ai,c, +6i,c,-f«,c,-««4c*) 

<^>(3) =C 

where «„ Sj, s„ 54 are the specific heats of the 
substances A, B, C, D respectively. 

Equation (20) will enable us to find the effects 
of pressure and temperature upon chemical com- 
bination. 

Effect of pressure— From equation (20) wo 

(bfd 

see that, if a + & » c -f- d, then is independent 

of the volume ; but if a + b = c + d, the number 
of the molecules is not altered by<the chemical 
reaction, so that in this case the amount of com* 
bination is independent of the pressure; if 
a + 6 is greater than c + d, then the greater the 

(tmd 

volume V the smaller is the ratio Now, 

the action of 0 upon D tends to diminish this 
ratio, while that of A on B tends to increase 
it, and if a + 6 is greater than o-i-^ the number 
of molecules is increased when 0 acts upon D 
and din^inished when A acts upon B. Thus, 
when chemical combination alters the number of 
VoleouleS) the Itate of equilibrium depends upon 


iiti 

the volume of the solvent, and the effect of in* 
creasing the volume is to favour that reaction 
which is attended by an increase in the nnmbw 
of molMules.' In other words, the chemical ac- 
tion which produces an increase in volume is hin- 
dered by pressure, while that which produces a 
diminution is helped by it. This is an example 
of the corollary stated on p. 443. 

Effect of temperature.— In equation (20) 

represents the increment in the potential 

energy of the system when £ is increased by 
unity, and may be approximately measured by 
the amount of heat given out when f diminishes 
by unity ; if the combination of C and D is ac- 
companied by the production of heat, -- is 

df 

negative, and therefore, when e is zero, -fill is 

zero too, \ind therefore either C or • must 
vanish ; that is, the combination of 0 and D 
goes on until one of the components is exhausted ; 
in other words, the reaction which is attended 
with the production of heat will go on as far as 
possible. 

According to Berthelot’s law of maximum 
work the reaction accompanied by the forma- 
tion of heat goes on as far as possible at all 
temperatures ; we see, however, from equation 
(20) that in reality it only does so at the absolute 
zero of temperature, though, if the reaction is 
accompanied by large thermal effects, the law 
will be an approximation to the truth for a con- 
siderable range of temperature. 

This equation shows, too, that if there is any 
thermal effect at all, the relative affinities of two 
acids at the absolute zero of temperature is 
either zero or infinity. 

If the substances obey Dulong and Petit*i 
law 


and then 


«,c, « SjCj = SgC, = #404 «= tc, say ; 

fV 


^Uyjb 

when $ is infinite, that is, the reaction accom- 
panied by a diminution in volume goes on as far 
as possible at an infinitely high temperature. If 
a + 6=c + d, that is, if the combination does not 
change the volume, the combination will only be 
partial at an infinitely high temperature. 

We saw that Ostwald’s experiments showed 
that in the case of an acid and two bases the 
value of 

any' 

Onl? 

was independent of ^he nature of the baset 
eefuation (20) shows that for this to be the case 
the amount of heat given out,*when the number 
of molecules of one of the salts inoretms by 
unity and that of the other diminishesby the 
same amount, must be independent of the nature 
of the base. Now Thomsen’s thexoioijM»aiefd 
researches have shown that the heat Ot lonaa* 
tion of « salt seems to be the vm tio pans 
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<»..Lothar Meyer, P. M. 23, 604), one of which 
depends only pn the base and the other only on 
the acid, ^us, in the reactions of the kind we 
are considering, where we have two salts of the 
same base, one of which is formed while the other 
disappears, the thermal effects will be indepen- 
dent of the nature of thd base. We see, there- 
fore, that thermocbemioal investigations confirm 
Ostwald’s results. 

The greater the thermal effects which accom- 
pany the reaction the more rapidly will the 
conations of equilibrium vary with the tem- 
perature. 

By the principle enunciated on p. 442 we can 
readily find the effect of any alteration in the 
physical conditions on the amount of chemical 
combination which must take place before equi- 
librium is reached. Thus, take for example the 
effect of surface tension ; if the energy due to the 
surface tension increases as a cheirical action 
proceeds, then the larger the surface of the solu- 
tion the smaller is the amount of this action which 
takes place before the condition of equilibrium 
is reaped ; in other words, the surface tension 
checks that reaction which is accompanied by 
an increase in that part of the energy of the 
system which depends upon surface tension. For 
illustration of the effect of surface tension on 
chemical action u. Proc. Camb. Phil. Soc. 1888. 
The same principle will show that if the co- 
efficient of compressibility of the solution alters 
as chemical action proceeds, the amount of this 
action which takes place before equilibrium is 
reached will depend upon the pressure applied to 
the solution ; since, if pressure is applied to the 
liquid, the energy of the system, and therefore | 
its directrix, will alter as the chemical change | 
proceeds. Again, if the coefficient of magneti- 
sation alters as chemical combination goes on, 
the point at which equilibrium will bo reached 
wiU depend upon the intensity of the magnetic 
field in which the solution is placed. 

In fine, if the (quantity of any kind of energy j 
changes as chemical combination proceeds, the | 
conditions for chemical equilibrium will depend j 
on the amount of the energy possessed by the 
system. 

Theamountof the alteration in the value of «, 
the value of produced by an alteration % 

in the directrix, is given by the equation 
5 k ^ a dx 
K B,5 ~di 

If we apply dynamical methods to hetero- 
geneous systems we shall get exactly the same j 
equations as those we previously deduced from 
kinematical prinoiplgs. J. J . T. 

EQUIKIO ACID. A crystalline acid said to 
exist in fresh mare’s-milk (Duval, G. E. 82, 
419), 

bQTTISETIC AOIB V. Aconitic acid. 

EQUIVALENCY. Th? conception of chemi- 
cal equivalence i^founded upon the relations be- 
tween acids and bases. In the latter part of the 
last century some interesting and important in- 
vestigations were carried on by Bergmann, Kir- 
wan, Wenzel, and Eiohter on neutralisation. 
Their object was to determine the relative quan- 
tities of acids and bases which are necessary to 
effect neutraUeation. Taking a certain quantity 


of an acid, they attempted to determine the 
quantities of various bases which were necessary 
to neutralise this quantity of the aoid ; and on 
the other hand, taking a certain quantity of a 
base, they attempted to determine the quantities 
of various acids necessary to neutralise this 
quantity of the base. The important result was 
reached that there is a simple relation between 
the quantities of bases necessary to neutralise a 
definite quantity of an acid, and the quantities 
of acids necessary to neutralise a definite quantity 
of a base. Not long after this discovery was 
made, the fact that the elements combine accord- 
ing to a similar law, called the law of definite 
proportions, was discovAed. This discovery, 
and that of the law of multiple proportions, sug- 
gested at once an enlargement of the old atomic 
hypothesis, and the connexion between the rela- 
tive weights of the elements which enter into 
combination and the relative weights of the 
atoms was pointed out. Owing to serious diffi- 
culties in the way of determining the atomic 
weights, some chemists felt the necessity of 
getting back upon a more solid foundation than 
was afforded by the atomic theory in the form 
which it then had. It was proposed to give up 
the hypothesis in dealing with the proportions 
by weight in which the elements combine ; and 
it was at this time that Wollaston introduced 
into chemistry the word equivalent. Wollaston 
proposed to do for the elements what some of 
his predecessors had done for the acids and 
bases. He proposed to determine the relations 
between the weights of the elements which 
combine with one another, and then to state 
these relations without reference to any hypo- 
thesis. The figures expressing these relations he 
proposed to call equivalents. The meaning of 
the word is simple enough. When the statement 
is made that 35*5 parts of chlorine are equiva- 
lent to 80 parts of bromine and 127 parts of 
iodine, the meaning is only that 36*6 parts of 
chlorine, 80 parts of bromine, and 127 parts of 
iodine combine with exactly the same number 
of parts of some other element, as, for example, 
with 1 part of hydrogen, 23 parts of sodium, 
.30*1 parts of potassium, <&c. &c. The quantities 
named of chlorine, bromine, and iodine, are equi- 
valent in their combining power. Clearly, figures 
determined in this way are independent of hypo- 
thesis. 

Turning back to the acids and bases, it will 
be seen that the problem with which Bergmann, 
Bichter, and others were engaged was of the 
same general character. In their neutralisation 
experiments they determined the equivalents of 
the acids and bases. They determined how 
much of a given aofd is necessary to neutralise 
a certain quantity of a base, and how muoh of a 
second acid is necessary to neutralise the same 
quantity of the same base; and the quantity 
of the first acid was equivalent to the quantity 
of the second aoid. So also the equivalents of 
the bases could be determined. Thus it is clear 
that the equivalent quantities of all acids on the 
one hand, and the equivalent quantities of all 
bases on the other, might be determined. By 
enlarging the meaning of the word equivalent, 
a given quantity of a base and the quantity of 
an aoid which it can neutralise might be oiuled 
equivalent., 
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,0n first thought, it would appear to be a 
simple matter to determine the equivalents of 
acids and bases ; but difficulties are soon met with* 
We can easily d6termine the equivalent ouanti- 
ties of hydroohlorio, hydrobromio, and hydriodio 
acids, and as each of these acids forms but one 
salt with a simple base, like caustic potash, the 
results obtained leave us in no douM. When, 
however, we attempt to determine the quantity 
of sulphuric acid which is equivalent, to 36*5 
parts of hydrochloric acid, we find that the acid 
forms two salts with such a base as caustic 
potash. If we take one of these as the guide 
the equivalent of the ac^ will be one number ; if 
we take the other salt as the guide the equiva- 
lent will be entirely different.* It may be said 
that one of these salts has an acid reaction, and 
therefore, as it is obviously not neutral, it should 
not be taken as the guide. But if we take the 
case of phosphoric acid, wo shall easily be misled 
if we depend upon the reactions of the salts to 
inform us which one should be used in deter- 
mining the equivalent of the acid. This acid 
forms three salts with caustic soda. The quan- 
tities of the base necessary to form these salts 
are to one another as 1 to 2 to 3. As is well 
known, only the second salt has a neutral reac- 
tion, the third one being distinctly alkaline, and 
the first one acid. Why not then agree to mea- 
sure the equivalents of the acids by means of 
those salts of the acids which contain the largest 
proportion of the basic constituent? That 
would lead us into another difficulty due to the 
fact that some bases have the power to form 
what are called basic salts, and others have not. 
Should we determine the equivalent of an acid 
by means of a base which forms basic salts, we 
should get one result, while if wo should deter- 
mine the equivalent by means of a base which 
does not form basic salts we should get quite a 
different wesult. Similar difficulties are encoun- 
tered in attempting to determine the equivalents 
of the bases. 

The determination of the equivalents of 
chlorine, bromine, and iodine is easily made. 
Each of these elements combines with hydrogen 
in only one proportion. As hydrogen has the 
smallest equivalent, the idea suggests itself at 
once of using this element as the measure of 
the equivalents of all the other elements. The 
problem would then be simply to determine the 
quantities of other elements which enter into 
combination with a fixed quantity of hydrogen, 
and the figures representing these quantities 
would bear to one another the relations of the 
equivalents. Using this method, it is found that 
the equivalent of sulphur is 16, that of nitrogen 
4 §, that of oxygen 8, Ac. • 

The case of carbon presents peculiar difficul- 
ties, for the reason that this element combines 
with hydrogen in a great many different propor- 
tions. In one of the compounds 1 part of hydro- 
gen is combined with 8 parts of carbon, in 
pother with 4 parts, in another with 4^ parts, 
in another with 6 parts, Ac. • 

^ But most of the elements 4o not combine 
with hydrogen. ]lh these cases how shall we de* 
termine the equivalents ? It seems to be fair to 
use some other element, as, for example, chlor- 
ine, the equivalent of which has been determined 
by means ol the hydrogen standard. As 85*5 


parts of oUorine are equivalent to 1 part of hy- 
drogen, it is only necessary to determine what 
weight of some other element combines with 
86*6 parts of chlorine in order to know the equi- 
valent of this other element. Thus 39*1 parts 
of potassium, 23 parts of sodium, 20 parts of cal- 
cium, and 9 parts of afhminium, combine with 
36*6 parts of chlorine, and, therefore, the figures 
just given represent the equivalents of these ele- 
ments. If chlorine is used as a measure of equi- 
valence, then in some cases results are obtained 
which are different from those obtained when 
hydrogen is used as the measure. Thus the 
equivalent of phosphorus measured by hydrogen 
is 10 J, whereas measured by chlorine it is either 
10^ or 6|. We may, however, agree to measure 
by means of chlorine the equivalents of only 
those elements which do not combine with hy- 
drogen, though it would be hard to give any rea- 
son for this, Except that we are led into difficulties 
unless the use of chlorine is thus limited. Does 
this end the difficulties ? By no means. Iron 
combines with chlorine in two proportions. In 
one of the compounds 14 parts of iron, in the 
other only 9| parts of iron, are combined with 
36*5 parts of chlorine. What is the equivalent 
of iron ? If we agree to regard 14 parts of iron 
as equivalent to 35*6 parts of chlorine, in what 
light shall we regard the 9| parts which, in the 
other chloride, also hold in combination 86*5 
parts of chlorine ? Are these also equivalent to 
35*5 parts of chlorine ? If so, then plainly 
we are led to the startling conclusion that 
14 parts of iron are equivalent to 9f parts of 
iron. 

It appears that any attempt to determine the 
equivalents of the elements without reference to 
some hypothesis must end in failure, or at least 
it must lead to unsatisfactory results. There is 
so much room for doubt in regard to which 
figure to select as the equivalent that, in many 
cases, two, and even more than two, equivalents 
might with equal right be selected by different in- 
vestigators. Plainly, the solid foundation which 
Wollaston desired, and which we all desire, is not 
furnished by a system of equivalents. In dealing 
with similar elements and similar compounds we 
can speak of equivalent quantities without danger 
of confusion. Thus, for example, we cannot be 
misunderstood in speaking of equivalent quan- 
tities of chlorine, bromine, and iodine ; of nitric 
acid and hydrochloric acid ; of sulphuric acid 
and sulphurous acid. At present, however, the 
word equivalent is used very much less than it 
was in the early part of this century, for the 
reason that other and clearer conceptions have 
been introduced into the science. What relation 
the equivalent bears to the later conceptions wiU 
be shown further on. 

For the cases named above, and for similar 
cases in which an element combines with another 
in more than one proportion, it may be assumed 
thq^ in one compound # certain number of equi- 
valents of the one element are in combination 
with one equivalent of the other element, while 
in the second compound another number oi 
equivadents of the second element are in com- 
bination. Thus, in water, 8 parts of oxygen 
are in combination with 1 part of hydti^en, 
while in hydrogen dioxide 16 parts of oxygen are 
in combination with 1 part of hydrogen. It may 
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be as{«u]ned that in water one equivalent ol oxy- 
gen is combined with 1 equivalent of hydrogen, 
while in hydrogen dioxide 9 equivalents of oxy- 
pn are in combination with 1 equivalent of 
hydrogen. In this case, what is an equivalent ? 
How can we properly speak of 2 equivalents ot 
one element combining, with 1 equivalent of 
another ? In doing so we unconsciously make 
nse of an hypothesis, and, if we attempt to ex- 
press this hypothesis in words clearly, we shall 
certainly find that it is essentially the atomic 
hypothesis of Dalton, according to which the 
combination of elements takes place between 
small particles which have definite weights. Gall 
these weights equivalents, combining weights, or 
atomic weights,- the hypothesis is essentially the 
same. The moment we accept such an hypo- 
thesis the problem of determining equivalents in 
the new sense becomes the determination of the 
relative weights of the smallest parjiicles of the 
elements which enter into chemical combination. 
To those new weights the term equivalent is not 
applicable. It may, however, be retained in its 
old sense, while the name atomic or combining 
weight is applied to the smallest weight of an 
element which enters into chemical combination. 
This atomic weight may or may not be identical 
with the equivalent. 

’ To make this clear we may consider the case 
of nitrogen. As we have seen, the equivalent of 
nitr<^n, deduced from a consideration of the 
composition of ammonia, is 4f. On studying 
the compounds of nitrogen carefully we soon find 
that the quantity of nitrogen found in these is 
generally considerably larger than is represented 
by the figure . Thus in nitric acid to 1 part 
of hydrogen there are 14 ( = 3 x 4f ) parts of 
nitrogen ; and when ammonia enters into com- 
bination with other substances, as with hydro- 
chloric and nitric acids, the quantity which thus 
combines is three times as great as that which is 
represented by one equivalent (44 parts) of ni- 
tix^en and one equivalent (1 part) of hydrogen. 
Or, instead of 6f parts of ammonia being the 
snudlest weight of the substance which enters 
into combination, this smallest weight is 3 times 
5§ parts or 17 parts. When ammonia acts upon 
hympchloric acid, for example, 86-6 parts of the 
acid combine with 17 parts of ammonia, and not 
with 5§ parts. Similar observations are made in 
the cases of all compounds of ammonia. Further, 
a study of certain changes which can be effected 
in ammonia shows clearly that the hydrogen con- 
tained in the substance can be taken out one- 
third at a time in three stages, and other things 
pnt in its place, thus proving that in the small- 
est particle of ammonia there must be contained 
at least three smallest particles of hydrogen. The 
nitrogen cannot, however, be thus displaced in 
parts. If it leaves the compound at all, all of it 
maves at once. Taking, then, all our knowledge 
together, it appears that the smallest particle of 
nitrogen which enters ii^ chemical combination 
is 14 times hearier than the smallest particle of 
hydrogen, and that in ammonia one of these par- 
ticles of nitrogen is in combination with three 
of the smallest particles of hydrogen. We there- 
Ipia call 14 the combining weight, or, now, ac- 
eeffUng the hypothesis, the atomic weight, of 
nitrogen. But the equivalent of nitrogen is not 
ebaaged by this ; the equivalent remains 4|. 


The atomic weight is three times at grj^al.i4,t^ 
equivalent. 

The case of carbon is also instructive. Taking 
marsh gas it appears that the equivalent of car- 
bon is 3, as in this compound 8 parts of carbon 
are combined with 1 part of hydrogen. But the 
hydrogen of marsh gas can be easily displaced 
by other elements, and four distinct steps in the 
reaction can be recognised. In eaqh step one- 
fourth of the hydrogen is displaced. In all the 
reactions of marsh gas a quantity takes part 
which contains 12 parts of carbon and 4 parts of 
hydrogen. Further, an extensive study of carbon 
compounds has shown that the smallest par- 
ticle of this element ^ich enters into che- 
mical action is twelve times as great as the 
smallest particle of hydrogen found in combina- 
tion. Therefore, we say the atomic weight of 
carbon is 12. But the equivalent of carbon as 
deduced from the analysis of marsh gas is 3. The 
atomic weight is four times as great as the equi- 
valent. Similar studies of oxygen compounds 
have shown that the atomic weight of oxygen is 
16, while its equivalent is 8, or the ratio of equi- 
valent to the atomic weight is 1:2, On the other 
hand, the atomic weights of chlorine, bromine, 
and iodine are 36-6, 80, and 127 respectively, and 
these are also the equivalents ; so that while, in 
the case of carbon, the ratio of tho equivalent to 
the atomic weight is 1:4, in the case of nitrogen 
1:3, and in the case of oxygen 1:2 ; in that of 
chlorine, bromine, and iodine it is 1:1. This 
suggests that there is some fundamental differ- 
ence between chlorine, oxygen, nitrogen, and 
carbon, which is not taken into consideration in 
the atomic hypothesis of Dalton. Study of other 
elements besides those mentioned shows that they 
may be divided into classes according to the ratio 
between the equivalent and the atomic weight. 
This ratio varies from 1:1 to 1:6. 

It has already been pointed out that the de- 
termination of the equivalents of the elements ig 
a difiScult problem. The determination of atomic 
weights by chemical means alone is also a diffi- 
cult matter. Although by analysing chemical 
compounds and studying the chemical changes 
which these compounds undergo, we can draw 
conclusions as to the atomic weights of some of 
the elements, yet as to others we should be left 
in doubt if assistance were not furnished by a 
study of some of the physical properties of tho 
compounds. In the article on Atomio xnd no- 
LEcuLAB WEIGHTS (vol. i. p. 336) the application 
of Avogadro’s hypothesis, and of the law of Dulong 
and Petit regarding the specific heat of the ele- 
ments, to the problem of determining atomio 
weights, has been discussed. It is an important 
fact that the atonno weights determined by tho 
physical methods are in most cases those which 
experience has shown to bo best adapted to the 
interpretation of known chemical reactions. Not 
only does Avogadro’s hypothesis rive ns a method 
lor determining atomic weights, but primarily it 
leads us to definite values for molecular weights. 
By determining the molecular weights and ana<) 
lysing the compounds, and thus determining the 
atomic weights, we are led to definite oonoep- 
tions regarding the composition of the moleoules 
of compounds and of elements. At present wo 
endeavour to express the composition d moU^* 
oules by oar formuln. 
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^ !11ieve ftre now three conceptions to be die* 
tingoished carefully from one another. These 
are the molecule, the aUrni, and the equivalent. 
By the molecule is meant the smallest gaseous 
particle of a substance, whether elementary or 
compound, which exhibits the characteristic pro- 
perties of the substance ; by the atom is meant 
the smallest particle of an element which enters 
into the composition of molecules. The basis 
upon which the conceptions of molecule and 
atom rest is considered more fully in t|;ie article 
on Atomic and moleouiar weights. 

With these conceptions clearly in mind we 
may now ask, what is the equivalent of an ele- 
ment? It is that mass of tho element which 
combines with < one atSm of hydrogen. In the 
case of oxygen it corresponds to half the atom, 
in that of nitrogen to one -third the atom, and in 
that of carbon to one-fourth the atom. With 
those elements which do not combine with hy- 
drogen some other element like hydrogen in re- 
spect to the ratio between the equivalent and 
atomic weight is taken as the measure of the 
equivalent. Tho results reached in this way 
have already been referred to. 

While those investigations were in progress 
which finally led to the clear recognition of the 
difference between atoms and molecules, chemists 
came to recognise resemblances between different 
classes of compounds, and it was finally sug- 
gested that all compounds are related to a few 
simple ones, which may bo regarded as types. 
For example, hydrochloric acid, HCl, hydro- 
bromic acid, HBr, and hydriodio acid, HI, are 
similar compounds and they have a similar com- 
position. Of such compounds, hydrochloric acid, 
HCl, may be .taken as the tjqie. Water H^, 
hydrogen sulphide HgS, and other compounds 
belong to the water typo. Ammonia NH3, phos- 
jihine PH,, arsine AsH„ belong to the ammonia 
type. Marsh gas OH^, silicon hydride SiH<, 
belong ^0 the marsh-gas type. This classifica- 
tion of compounds according to the type was 
extended so as to include most compounds, even 
those which are complex. Serious difficulties 
were met with in many cases. In some, the 
difficulty was due mainly to the fact that one 
and the same compound could belong at tho 
same time to two or more types. This led to 
the introduction of mixed types. In other cases 
the difficulty was duo to tho fact that the re- 
actions of the substance gave little or no clue 
to its type. In such cases the imagination was 
freely brought into play with highly unsatis- 
factory results. Notwithstanding the difficulties 
which were encountered in the attempt to classify 
compounds according to types, the attempt led 
to valuable results. It le^ to a clearer recog- 
nition of differences between molepules, differ- 
ences which are as real as tho molecules them- 
selves. The recognition of these differences does 
not, however, carry with it any explanation. For 
to say that each of these compounds belongs 
to a certain type is not even to attempt an ex- 
planation. It is simply the statement of what 
appears to be a fact. We might determine with 
certainty to which type or types every known 
chemical compound belongs, and yet be no 
nearer an understanding of the differences 
between the compounds than before the deter- 
mination. This was first clearly seen by Eekul 4 , 
Voi. IL 


who showed that, in order to understand the 
relations which exist between the various 
chemical compounds, it is necessary to go back 
to the atoms themselves, and inquire what re- 
lations they bear to one another in the molecules. 
The cause of the difference between hydroohlorio 
*acid, water, ammonia, and marsh gas, is to be 
looked for in the atotns of chlorine, oxygen, 
nitrogen, and carbon. Obviously the first con- 
clusion that forces itself upon us is that the 
atoms of different elements differ with respect 
to the number of hydrogen atoms with which 
they can combine to form compound molecules. 
While one atom of chlorine combines with only 
one atom of hydrogen, one atom of oxygen com- 
bines with two atoms of hydrogen, one atom of 
nitrogen combines with three atoms of hydrogen, 
and one atom of carbon combines with four 
atoms of hydrogen. Having recognised this dif- 
ference, the question suggests itself whether an 
atom of chlerine can hold more than one atom of 
hydrogen in combination ; further, whether an 
atom of oxygen can combine with a larger or 
smaller number of hydrogen atoms than two; 
and similar questions arise with reference to 
nitrogen and carbon. How far, in other words, 
are the differences which we have observed fixed 
and invariable? These questions can be an- 
swered only by carefully studying the compounds 
of tho elements named. There is only one com- 
pound of hydrogen and chlorine. It therefore 
appears that one atom of chlorine can hold but 
one atom of hydrogen in combination, and simi- 
larly one atom of hydrogen can hold but one 
atom of chlorine in combination. Oxygen and 
hydrogen, however, combine in two different pro- 
portions forming the compounds H.p and H.P2» 
while in water it appears that one atom of oxygen 
holds two atoms of hydrogen in combination, in 
hydrogen dioxide it appears that two atoms of 
oxygon hold two atoms of hydrogen.* Nitrogen 
and hydrogen form but one compound with each 
other. Carbon and hydrogen on the other hand 
form a large number of compounds with each 
other. Of these only one contains a single atom 
of carbon in the molecule. That is marsh gas, 
and in the molecule of this compound there are 
four hydrogen atoms to the atom of carbon. 
There are three compounds of these elements 
in whoso molecules there are two atoms of 
carbon. They are C^H^, C and OjH,. Before 
attempting to explain this let us see what 
general conclusion is justified by the facts above 
recorded. What is true of the relations of 
chlorine and hydrogen is equally true of bromine 
and hydrogen, and of iodine and hydrogen. 
What is true of oxygen and hydrogen is true of 
sulphur, so] onion, and tellurium, and hydrogen. 
What is true of nitrogen and hydrogen is true 
of phosphorus, arsenic, and antimony, and 
hydrogen. And, finally, what is ^ue of carbon 
and hydrogen, so far as their relations in marsh 
gas are concerned, is also true of silicon and 
hydrogen. We are thatefore justified in making 
the statement that the atqpis of different 
elements differ from one another with reference 
to the number of atoms of hydrogen they can 

* But It 1b to bo observed that os hydrogen peroxide 
has not been gasified, the formula H,0, does not neceslMUjr 
represent the atomio oompositiou of the moleoale of tills 
oompouad.-~M, U. F. M. 
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oombiuo with to form compound molecules. As 
regards formation of molecules, the atoms of 
the elements can be divided into at least four 
classes ‘ 

1. Those which combine with hydrogen in 
the simplest proportion of one atom to one atom' 
of hydrogen. • 

3. Those which combine with hydrogen in 
the proportion of one atom to two atoms of hy- 
drogen. 

Z. Those which combine with hydrogen in 
the proportion of one atom to three atoms of 
hydrogen ; and 

4. Those which combine with hydrogen in 
the proportion of one atom to four atoms of 
hydrogen. 

Our conception of the chemical atom is thus 
enlarged. It is not only a minute particle of 
matter, which in chemical changes is not broken 
up, and which has a definite mass, arid the power 
of combining with other atoms, but it also has 
some power which determines how many atoms 
of another kind it can combine with. At present 
we cannot form a clear conception as to the 
cause of this power, and no hypothesis has as 
yet been proposed to account for it. We can 
represent the fact by means of symbols, but 
these symbols do not help us to understand the 
cause, though they are convenient. We may 
also adopt figurative forms of expression sug- 
gested by our symbols, but this has not as yet 
advanced our Imowledge of the cause of the 
property of the atoms with which we are dealing. 

On examining the composition of the mole- 
cules of the compounds which any element forms 
with other elements than hydrogen, we find that 
just as the number of hydrogen atoms with which 
one atom of the element can combine is limited 
80 the number of atoms of other elements with 
which it can combine is limited. Thus phos- 
phorus combines with chlorine to form the com- 
pounds PCI, and PClv with hydrogen to form the 
compounds PH, ^nd P,H„ and with oxygen to 
form the compounds PjO, and P.Pj. Sulphur 
combines with hydrogen to form the compounds 
and probably SjHj, with chlorine to form 
the compounds SjGl,, SCI, and SCI,, and with 
oxygen to form SO, and SO,, &c., <fec. Prom 
facts like these we conclude that atovis are so 
constructed, or act in such ways, that the num- 
ber of other atoms with which each can combine is 
Umited, and that as regards the number of other 
dtoms with which they can combine, they differ 
from one another. 

The property of an atom which determines 
the number of other atoms with which it can 
combine to form a compound molecule is called 
its vaimey. The relation between the atomic 
weight of an element, its equivalent, and its 
valency, will readily be understood by the aid of 
a few exunples. The atomic weight of nitro- 
gen, as determined by chemical and physical 
methods, is 14; its 4iydrogen-cquivdent is 
.44. as this is the relative weight of nitrogen 
which combines with one part by weight of 
hydrogen. The number of atoms of hydro- 
gen with which the atom of nitrogen com- 
bines is 8 or — So also in the case of 

4| (equiv.) 

qarbon. The atomic weight of carbon ii 12, its 


hydrogen-equivalent is 8 ; the number of hydro^^ 
gen atoms with which an atom of carbon can cozft* 

bine is = Ac. In general, ths 

3 (equiv.) 

number of hydrogen atoms with which the 
atom of any element can combine is expressed 
by a figure which also expresses the relation 
between the atomic weight and the hydrogen 
equivalent of the element. 

The recognition of the property called valency 
proved of the highest importance for chemistry. 
Discussions in regard to this property have now 
been carried on for nearly thirty years, and our 
views in regard to the structure of chemical 
compounds are based upon it. It is, therefore, 
desirable to study it with some care, with the 
object of determining exactly what is known in 
regard to it, so that we may be in a position, on 
the one hand, to recognise its value, and, on the 
other hand, to avoid the dangers to which we 
aro exposed in following the conception blindly. 

Before the introduction of the conception of 
valency, each chemical compound was looked 
upon as a whole. To be sure, the difference be- 
tween atoms and molecules, first pointed out by 
Avogadro, gradually came to be recognised, and 
in a general way it was acknowledged that the 
molecule is made up of atoms. But, beyond 
this, inquiry was not pushed to any extent. 
This is shown in an instructive way by a study 
of the investigations of Hofmann, Wurtz, and 
others, on the so-called substituted ammonias. 
Wlien Hofmann began his investigations on ani- 
line, the prevailing view in regard to this com- 
pound was that it was a conjugated compound 
{gepaarte Verbindung ) ; that it contained ammonia 
combined with a hydrocarbon. Using the modem 
atomic weights, the view referred to is expressed 
by the formula CgH^.NHj. The common reac- 
tions of aniline were interpreted by supposing 
that the group simply accompaaied the 
ammonia. Some time before this Liebig had 
suggested that certain bases like aniline might bo 
regarded as containing the group NH^. Accord- 
ing to this ‘ amide theory ' of Liebig, aniline is to 
be represented by the formula CgHj.NHp In this 
compound, then,ammonia as such is not supposed 
to be present, but, nevertheless, there is in it a 
remnant of ammonia which pves to the com- 
pound certain of the characteristic properties of 
ammonia. Wurtz discovered the bases methyl- 
amine and ethyl-amine at the time that Hofmann 
was engaged in his studies on aniline, and at about 
the same time each suggested that the substanOOS 
he was working with might be regarded as am- 
monia in which one of the hydrogen atoms is 
replaced by a radiclai Before Hofmann closed his 
work on aniline he furnished strong experimental 
evidence against the theory of conjugated com- 
pounds as far at least as it applies to aniline. He 
showed that the reactions between ammonium 
oxalate and phosphoric anhydride are not tho 
same as those between aniline oxalate and phos- 
phoric anhydride, and that the difference cannot 
be understood ii aniline be regarded as a conju- 
gated compound, but that it is easily explained if 
aniline be regarded as ammonia in which oiie 
hydrogen has been replaced by the hydrocarbon 
residue C^^. The subsequent preparation of 
substituted ammonias in which inp and thrs# 
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hydrogen atoms of ammonia were replaced by 
radicles, and of compounds derived from am- 
monium by the replacement of all the hydrogen 
atoms, furnished a solid foundation for the view 
put forward in the so-called theory of types. As 
has already been stated, according to the theory . 
of types every compound is built according to 
some plan, and the number of plans according to 
which compounds are built is small, the funda- 
mental plans or typos being hydrogen TIH, hy- 
drochloric acid HCl, water H^O, and* ammonia 
H3N. Much attention was now given to deter- 
mining the type to which any given compound 
belonged, and when, after investigation of the 
properties and composition of a compound, a 
definite statement regarding^ the type to which 
it belonged could be made, the problem was 
considered to be solved. No further questions 
were asked, It was as if ono should look alone 
at the exterior of buildings, and compare them 
solely with reference to the exterior, without 
making any inquiry with regard to the interior 
arrangements, the connexions between the 
rooms, &c. 

Shortly after Hofmann’s papers appeared, an 
important paper by E. Frankland was published 
( 1852) . The author had been investigating a new 
class of compounds containing metals. At the 
close of the paper, the chemical structure of the 
compounds is discussed. Attention is called to 
the fact that when a metal has combined with a 
hydrocarbon, as in the case of tin ethyl, SnC^H, 
(using old formulss), the power of the metal to 
combine with other elements, as oxygen, is not so 
great as that of the uncombined metal. While 
tin alone combines with oxygen in two propor- 
tions, forming the compounds SiiO and SnO., 
tin-ethyl SnC^H, combines with oxygen in only 
ono proportion, forming the compound SnC^HjO, 
and this compound cannot take up any more 
oxygen even when boiled with dilute nitric acid. 
Similar observations w'ere made with reference to 
the corresponding derivatives of antimony and 
arsenic. In commenting further upon those re- 
markable facts, the author shows that they are 
directly opposed to the theory of conjugated com- 
pounds, according to which the compounds 
under consideration are regarded as containing 
the unchanged metals conjugated with hydro- 
carbons. He then’ says : ‘ When the formulas of 
inorganic chemical compounds are considered, 
even a superficial observer is struck with the 
general symmetry of their construction ; the 
compounds of nitrogen, phosphorus, antimony, 
and arsenic especially exhibit the tendency of 
these elements to form compounds containing 
8 or 6 equivalents of other elements, and it is 
in these proportions thafr their affinities are 
best satisfied ; thus in the temal group we have 
NO3, NH3, NI3, NS„ PO3, PH„ PCI,, SbO,, SbH„ 
SbOL, AsO,, AsH,, AsCl„ Ac., and in the five- 
atom group NO,, NH,0, NHJ, PO,, PHJ, Ac. 
Without offering any hypothesis regarding the 
cause of this symmetrical grouping of atoms, it is 
sufficiently evident, from the examples just given, 
that such a tendency or law prevails, and that, no 
matter what the character of the uniting atoms 
may be, the combining power of the attracting 
element, if I may be allowed the term, is always 
satisfied by the same number of these atoms ’ 
(Philosophical TransaoHontf 1852, p. 440), 


Thus the conception of the saturation of 
atoms was introduced into chemistry. It was 
soon taken up by others, as- Willimson and 
Odling, and finally, at about the same time in 
1868, Kekul6 and Coo^r showed how this con- 
ception might bo applied to the explanation of 
the constitution of domical compounds in gene- 
ral. Kekul6 took up the problem in a broad 
way, and it is largely due to his efforts that the 
conception of valency became the controlling 
conception in the discussions in regard to the 
structure of chemical compounds. Kekiil6 says : 
‘ I consider it necessary, and, in the present con- 
dition of chemical knowledge, in many cases 
possible, in the explanation of the properties of 
chemical compounds, to go back to the elements 
themselves which make up the compounds. I 
do not consider the chief task of investigation to 
bo the detection of groups of atoms which on 
account of certain properties are to be regarded 
as radicles, and tluis to refer the compounds 
to a few types which are scarcely more than 
sample formulje. I believe rather that investi- 
gation may include the radicles themselves, and 
point out the relations between the radicles, and 
that, from the nature of the elements, the nature 
of the radicles and of the compounds can be de- 
duced.’ 

In the valencies of the atoms we now find the 
explanation of types. The reason why most com- 
pounds are to be compared with hydrochloric 
acid, water, ammonia, and marsh gas, is thai 
the atoms of most elements are like chlorine 
oxygen, nitrogen, or carbon in respect to the 
number of atoms of other elements^ with whicl 
they can combine. The simplest kind of atom 
is one like that of chlorine or hydrogen ; nexi 
come those which are like those of oxygen 
The chlorine atom can hold in combination bui 
one atom of hydrogen: the oxygen atom has 
twice this power, it can hold two atoms of hydro 
gen in combination ; the nitrogen atom can hole 
three atoms of hydrogen in combination ; anc 
finally the carbon atom can bold in combinatior 
four atoms of hydrogen. Chlorine, oxygen 
nitrogen, and carbon represent these four dif 
ferent kinds of elements. 

Chlorine is called a moTwvalcnt element, be 
cause its atom combines with but one atom 0 
hydrogen to form a compound molecule ; oxygei 
is called a divalent element, nitrogen a trivaleni 
and carbon a tetravcilent, element. Further, th' 
elements are called respectively monads^ dyadt 
triads, tetrads, pentads, hexnds, Ac. 

From what has been said it will be clear tha 
valency is something quite different from affinity 
By affinity is commonly meant the unknowi 
cause of the combination of atoms. Hydrogei 
and chlorine combine very readily ; they hav< 
as we say, a strong affinity for each other; yi 
they are monovalent with reference to each othe: 
Carbon and chlorine do not combine readily 
they have not a strong affinity for each othei 
yft carbon is tetravfflent towards ohlorine, il 
atom is capable of holding four atoms of oarbo 
in combination. The two properties valenc 
and affinity are possessed by every atom, and ei 
hibit themselves whenever atoms aot upon or 
another, the latter determining the intensity < 
the reaction, the former the oomplemty of tl 
resulting molecule. 
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In this discussion thus far the valency of an 
element has been measured by considering the 
number of atoms of hydrogen with which ita 
atom can combine to form a compound molecule. 
It is, however, .a fair question whether the valency 
of an element towards other elements is neces- 
sarily the same as towards hydrogen. Is it fair 
to conclude that, because an element is trivalent 
towards hydrogen, it is also trivalent towards 
chlorine and other elements ? As we have yet no 
conception in regard to the cause of the property 
which we call valency, we have not a right to make 
assumptions of this kind. The only way to answer 
ihe question is to study the facts. For this pur- 
* pose let us take the case of carbon. This element 
is tetravalent towards hydrogen. Towards chlor- 
ine it is also tetravalent, as is shown by the mole- 
cule CCI 4 . Towards oxygen it appears to be 
tetravalent in carbon dioxide, CO,, in which we 
have the atom of carbon in coml)j,nation with 
two divalent atoms of oxygen. But in carbon 
monoxide, CO, either carbon acts as a divalent 
element or oxygen acts as a tetravalent element. 
Towards sulphur carbon is tetravalent, as shown 
in carbon disulphide, GS 2 , in which one atom of 
carbon holds in combination two divalent atoms 
of sulphur. Phosphorus is trivalent towards hy- 
drogen, it cannot form a compound with hydro- 
gen containing a larger number of atoms of hy- 
drogen than three. It is, however, pcntavalent 
towards chlorine, as shown in the compound 
phosphorus pentachloride, PCI,, i.nd it is also 
trivalent towards this element, as shown in the 
trichloride PCI 3 . Pho^-pliorus also combines with 
oxygen in two proportions, forming tlio trioxide, 
PjO„ and the pentoxide, PjO.,, and the composi- 
tions of these can bo best explained by assuming 
that, in the former, the phosphorus is trivalent, 
and, in the latter, pentavalent. Sulphur is di- 
valent towards hydrogen, forming the compound 
SH;.. With chlorine it forms the compounds S^Ch, 
SCh, and SCl 4 . With oxygen i», forms the com- 
pounds SOjUnd SOg, in which the sulphur appears 
to be tetravalent &nd hcxavalent. Iodine is mono- 
valent towards hydrogen, but towards chlorine 
it acts both as a monovalent and as a trivalent 
element, as shown in the compounds ICl and 
IClg. Nitrogen, which is only trivalent towards 
hydrogen, appears to be pentavalent in the com- 
pound NH, Cl and other similar ammonium com- 
pounds. With oxygen it combines in a number 
of projiortions, as is well known.' 

The simplest interpretation of the facts just 
stated is that the valency of an element towards 
hydrogen is not necessarily its va’pney towards 
other elements, and that the valency of one ele- 
ment towards another may be one thing in one 
compound and different in another compound. 
Although this is the simplest interpretation, it 
does not follow that it is the correct one. It is 
possible that the valency of an element is always 
the same, but that, owing to the surrounding 
oonditions and the ohai^ter of the element with 

* It it importaiit to note that many of the comp6aiids 
dted above have not been gasified, and that therefore the 
lormnl0 given are not ali molecular ; it is known that 
•ome of the compounds, «,g. FCl( and NH 40 i, are disanciated 
by heat. It is oonbtlul whether arguments regarding the 
valendee ol atoms shoold be based on the compositions of 
any compounds except those which have been gasified ; 
as It is only to gases that the conception of the theory of 
atoms and molecules can, at present) be strictly appUeo.— 


which it combines, the full valency is not alwan 
exhibited. Until we hue a clear conception in 
regard to the cause of vflenoy, or until we have 
a satisfactory hypothesis of valency, discussions 
on the question whether valency is constant or 
variable must be more or less idle. II valency 
be something inherent in the atom, like the 
mass of the atom, then it is impossible to con- 
ceive of it as being variable. If, however, it be 
a condition of the atom ; if, for example, it is 
dependent on the motion of the atom, then, as 
the motion may differ under different circum- 
stances, the valency also may differ. 

It is not uncommon to think of atoms as 
joined together in some ^uch way as small ob- 
jects adhere to one another under the influence 
of electric or maglietio attraction. It is supposed 
that the monovalent atom has but one place 
where another atom can be attached, or that it 
has but one pole, or that there is but one direc- 
tion in which another atom can enter into com- 
bination with it. These plirases do not help us 
much, and they do not differ materially from 
one another. If such a view is hold, it carries 
with it, of course, a similar view in regard to 
divalent, trivalent, and, in general, polyvalent, 
atoms. Each atom has a number of places where 
other atoms can be attached, the number corre- 
sponding to the valency of the atom. The 
graphic symbols so commonly used to represent 
the structure of chemical compounds in terms of 
the conception of valency are well calculated to 
give the idea that the view just stated is gene- 
rally accepted. Of course, if it is accepted, 
valency is considered as a constant property. In 
this case it will be necessary to furnish explana- 
tions of those compounds which scum to prove 
that valency is variable. Some of the explana- 
tions which have been offered will now be con- 
sidered. 

Among the compounds which appear to show 
that valency is variable is the wcll-krioun series 
of oxygen compounds of chlorine and of nitrogen. 
^Vhile chlonno forms only one compound with 
hydrogen, and is unquestionably monovalent to- 
wards hydrogen, it appears to have a greater 
valency towards oxygen. This is explained by 
some by assuming that in those compounds of 
chlorine and oxygen in which there is more than 
one atom of oxygen in the molecule the oxygen 
atoms are combined with each other as repre- 
sented in the formulea Cl— 0—0— Cl and 
Cl— 0—0— 0 -Cl, in which the chlorine is re- 
presented as monovalent and the oxygen as diva- 
lent. To explain the existence of the series of 
oxides of nitrogen, on the assumption that the 
valency of oxygen is always two and that of 
nitrogen three, a ‘similar method is used; if 
necessary, combination is assumed between ni- 
trogen atoms, between oxygen atoms, and between 
nitrogen and oxygen atoms. But even with 
these possibilities all these compounds cannot 
be explained without the aid of a new concep- 
tion. It is assumed that a polyvalent element 
may be in combination with itself in more than 
one way. Just aS hydrogen in the hydrogen mole- 
cule must be assumed to be in combination with 
itself in the same way that it is in combination 
with chlorine in the molecnle of hydrochloric 
acid, so oxygen must be in combination with 
itielf in the molecule of oxygen. Bat oxygen 
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If divalent ; iJ., on the present h^^othesis, its 
atom has two placestiWhere combination with 
Ollier atoms can be effected. To express the con- 
ception that both these places are occupied in the 
molecule of oxygen, this molecule is represented 
graphically thus 0=0, while the molecule of ' 
hydrogen is represented thus H— H. The latter 
condition is spoken of as single union, the former 
as double union. So, too, triple union is sup- 
posed to exist in the molecule of nitrogen as 
represented thus N=N. Now, in explaining the 
oxides of nitrogen it is assumed that in some 
cases the nitrogen atoms are in combination by 
single union, and in others by double union. 
Thus nitrous oxide is represented in this 
Nv • N-Os. 

way I! >0 ; the trioxide thus || >0. The 

N^ N-0/ 

compounds NO and NO.^ plainly cannot be ex- 
plained in this way. For these a new assump- 
tion, which will be considered later, must be 
made. The tetroxide may be represented 
N-0-0 
in this way || | . 

N-0--0 

The question will now suggest itself, have wo 
any evidence that the structural formula above 
given are correct? Is there any experimental 
evidence in favour of them ? The answer is that 
we have no evidence whatever in favour of them, 
and the only reason for accepting them is that 
they are in accordance with the indefinite and 
crude view in regard to the nature of valency 
above referred to. The argument is this : 
valency must be a constant property of ele- 
mentary atonxs; but nitrogen is trivalent and 
oxygen is divalent ; therefore the compounds of 
these elements must be constituted in the way re- 
presented. It must, however, be distinctly borne 
in mind that for some of the compounds there 
are otl^pr formulae, besides those given above, 
which answer the requirements, and which are 
just as probable. For example, nitrogen trioxide 
.N-O 

may be represented thus 0<; I | ; and the te- 
\N-0 

/N-Ov 0-N 0 

troxide thus 0< I >0, or thus I \ ) . 

NN-O^ 0— N-0 

In explaining the existence of the two series of 
compounds of mercury, copper, iron, aluminium, 
(fee., the same method is commonly adopted. 
Mercury and copper are regarded as divalent in 
both series of compounds, and the structure of 
the compounds is represented thus : mercuric 

compounds Hg<^^|, Hg=0 ; cupric compounds 

Cu<^Qj and Cu=0 \ mercurous • compounds 

Hg-Cl Hgv Cu-Cl 

, I ^0 ; cuprous compounds I 
Hg-Cl Hg/ Cu-Cl 



There are many oases which cannot be ex- 
plained by any of the assumptions thus far 
referred to. As good an example as any is that 
of the two chlorides of phosphorus, PCI, and 
PCI,. Here, plainly, phosphorus is in combina- 
tion with chlorine m more than ode proportion, 


and this cannot be explained by assuming that 
in one of these compounds two atoms of phos- 
phorus are in combination with each other, for 
the molecular weights of the chlorides are pro- 
perly represented by the above formulas. It has 
been suggested by Kekul6 that the pentachloride 
is not a true chcmicat compound, but that it is 
made up of a molecule of phosphorus trichloride 
and a molecule of chlorine held in combination 
by some force different in character from that 
which holds the atoms together in a molecule. 
This conception may be represented thus 
PCls.Cl.^. The fact that when the compound 
is heated it readily breaks down, forming the 
trichloride and free chlorine, was regaided by 
Kekul6 as evidence in favour of the view which 
he put forward. He called compounds of this 
kind ‘ molecular compounds,’ to distinguish 
them from true chemical compounds or atomio 
compound#. He considered them to be similar 
to salts with water of crystallisation, from which 
the water is given off by heat. 

One serious objection to this view is that 
many of the cases which it was invented to 
explain cannot be explained by it. While it is 
true that phosphorus pentachloride does break 
down under the influence of heat, the analogous 
pentafluoride is stable, and there is no reason 
for assuming that it differs from other chemical 
compounds. Then, too, it has been shown that 
the pentachloride itself can be converted into 
vapour in the presence of the vapour of the tri- 
chloride. At present this hypothesis of molecu- 
lar compounds does not play an important part 
in dealing with the subject of valency.* 

A more satisfactory suggestion which has 
been made with reference to the variations in 
valency is that while an atom may have a con- 
stant maximum valency, its entire valency may 
not be exhibited in certain compounds. _ Those 
compounds of an element in which its full 
valency is brought into play are called saturated 
compounds^ and those in wliiqji the full effect of 
the valency is not shown are called uiisatarated 
compounds. Thus, according to this view, phos- 
phorus is pcntavalent, and in the pentachloride, 
which is a saturated compound, its full valency 
is brought into play, while in the trichloride 
only a part of its valency is brought into play, 
the compound being unsaturated. The dif- 
ference between carbon monoxide CO and the 
dioxide COo is accounted for in the same 
way. The expressions ‘ its full valency is brought 
into play ’ and ‘only a part of its valency is 
brought into play ’ cannot at present be further 
explained, but this is not a sufficient reason for 
refusing to use them. The facts show clearly 
that the manifestation of that power which we 
call valency is subject to variations. We must 
use some expressions to state these facts. The 
chief objection to the expressions is that they 
suggest the idea of parts of an atom acting 
differently, or of some^parts of an atom being 
brought into action while oth^ar parts are not 
acting, an idea which is not only improbable, 
but absurd. But this idea is not necessarily in- 
volved in the conception of saturated and on- 
satorated atoms. Thus carbon baa the power 

* This is especially true if we agree to restrict our oon- 
ooptlons of ^eooy to the cousideratioa of gaseooa mole- 
<mle8.-M.M.?.lC. 
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to combine with oxygen in the proportions indi* 
cated by the formula CO and OOj. It is certain 
that the oarbon atom in the monoxide has the 
power to take up more oxygen, and that when 
more oxjgen is presented to it under the right 
conditions the additional oxygen is taken up. 
Because the monoxide cah take up as much 
oxygen as it already contains, it does not follow 
that the carbon atom in the monoxide is only 
half employed, any more than it follows that, 
because a magnet which can support two pounds 
is supporting only one pound, it is therefore 
only half employed. The whole magnet acts in 
both oases : in the one case it is saturated, in 
the other it is unsaturated. There is, however, 
this marked difference between the case of the 
magnet and that of the atom. In the former 
any weight, from the lightest to that necessary 
for saturation, can be held in combination, 
whereas in the latter the variations ti,re deter- 
mined by the weights of the atoms which are 
held in combination. Although then it is most 
probable that in every chemical compound, 
whether saturated or unsaturated, every atom is 
brought into action in every part, it appears 
probable that the atoms can adjust themselves 
in different ways with reference to one another. 

Some investigations have been undertaken 
with the object of throwing light upon the ' 
question whether different parts of an atom can 
act differently. To illustrate the methods the | 
case of carbon may be taken. The carbon atom { 
is tetravalent. It combines with four atoms of 
hydrogen, chlorine, <fec., to form compound mole- 
cules. Are all the four atoms which it holds 
in combination held with the same force ? The 
facts appear to give an adirmative answer. If 
the atoms were held in different ways, then 
it should be possible to make more than one 
compound of the formula CHjCl, or any other 
mono-substitution product of marsh gas. But, 
as a matter of fact, only one variety of these 
mono-substitution .products has ever been pre- 
pared. Then, further, the tlieory in regard 
to the structure of the hydiocarbons of the 
paraffin series is based upon the assumption 
that each of the four hydrogen atoms in marsh 
gas is held in exactly the same way by the 
carbon atom ; and this assumption is so perfectly 
in accordance with a large number of facts that 
it is worthy of the most serious consideration as 
an argument. There is one experiment which 
appears to show that in the case of sulphur thu; 
four affinities, as the hypothetical individual 
points of attraction, or the parts into which the 
total valency may be divided, are called, are not 
exactly the same. Kriiger asserts that the pro- 
duct of the combination of and CH,I 

is different from the product formed by com- 
bining S(CH,)(C^j) with 0.^5! ; yet both com- 
poonda are represented by the formula SEt^Mel. 
if it is asBomed that in these compounds 
the sulphur ix tetravalefit, then it appears to 
follow that the tfour affinities of the sulpliur 
atom are not identical in value; because if 
it were immaterial in what way the groups 
Et and Me, and the atom. I, were arranged 
relatively to the S atom with which all are in 
direct union, then only one comptjund SEt^Mel 
eonld exist.^ A similar conclusion seems 
* ftecuui reaearoh hu iavalidated KrUger’s ref,i]Its. 


to be justiffed in the case of nitrogen, u shown 
by Lossen’s investigations on derivativea of 
hydroxylamine. Lessen showed that when two 
different radicles are introduced into hydroxyl- 
amine in place of hydrogen, a large number of 
isomeric substances are obtained instead of one, 
as we should expect. The case of nitrogen has 
been investigated by V. Meyer and by Laden- 
burg, but the results obtained by these two in- 
vestigators^differ. Taking all the evidence into 
consideration it appears that by far the larger 
number of facts of chemistry clearly indicate 
that the affinities of an atom are of the same 
kind, while in the case of sulphur and of nitro- 
gen the facts referred to require further investi- 
gation. 

It is sometimes held that, because a certain 
number of atoms are readily given off from a 
molecule of a compound, there are weaker and 
stronger affinities. Thus, when phosphorus 
pentachloride is heated it gives up two atoms of 
chlorine. From tliis the conclusion is some- 
times drawn that in phosphorus pentachloride 
three of the atoms of chlorine are held in com- 
bination more lirmly than the other two. Such 
a conclusion is, however, evidently unjustified. 
All that we can say is, that at the higher tem- 
perature the more complex compound can- 
not exist, while the trichloride can. It is pro- 
bable that in the trichloride the whole of the 
phosphorus atom is employed in holding the 
three chlorine atoms in combination, and that 
this is also true of the pliosphorus atom and the 
five chloiiue atoi'v; m the pentachloride. If 
this is true, then it follows that the pentachloride 
must be a less stable compound than the tri- 
chlmide. 

Wiiatcver method of explaining the varia- 
tions in the composition of the compounds of 
any elements we may adopt, it is plain that 
these variations are observed. Vriiether we 
agree to say that carbon is divalent in 6arbon- 
monoxide and tetravalent in carbon dioxide, 
or to call carbon dioxide a saturated compound 
and the monoxide an unsaturated compound, 
the facts remain the same; and the most im- 
portant thing to be done is to discover the laws 
which oxpvftssthevailatioiisin composition. This 
subject has received considerable attention, but a 
law which sliall express all cases has not been de- 
duced. Nevertheless a fact of greet importance 
has been learned. It is this, that the apparent 
valency of an element in nearly all cases changes 
from even to even or from odd to odd, and but 
rarely from odd to even or vice versd. Thus the 
valency of phosphorus changes from three to 
five, and all compounds of phosphorus can be 
explained by^assuming that the element is cither 
trivalent or pentavaleut, and there are no facts 
known which indicate that it is ever divalent 
or tetravalent. Sulphur, on the other hand^ 
is apparently divalent in hydrogen sulphide, 
SH*, tetravalent in sulphur dioxide, 80 ^, and 
in the tetrachloride, SCI4, and hexavalent in 
sulphur trioxide, SO, ; and there is no compound 
of sulphur requiring the assumption that the 
element is ever monovalent, trivalent, or penta- 
valent. Elements whose valencies are expressed 
by an even number have been called ortiMS, and 
those whose valencies arc expressed by an uneven 
number have been called pemsads. Although the 



ditlsion o( the elements into artiads and penssa^s 
is justified by many facts, there are a few which 
show clearly that the law is subject to exceptions. 
The most prominent of these are the oxides of 
nitrogen, nitrio oxide, NO, and the peroxide, NO,. 
Plainly in neither of these is nitrogen trivalent 
or pentavalent. In the former it appears to 
be divalent, and in the latter tetravalent, the 
compounds corresponding in composition to 
the two oxides of carbon. It is true there is 
nothing to prevent our regarding the nikogen as 
monovalent in nitrio oxide, and perhaps repre- 
senting its structure thus =N— 0— ; but we 
shall hardly make much progress if we are will- 
ing to make use of such methods to deceive our- 
selves by supposing that we are thus helped out 
of difficulties; and it should* be said, for the 
credit of chemists, that this suggestion has not 
been made, so far as is known to the writer.' 

The law of variation in the composition of 
compounds, or in the valency of the elements, is 
highly suggestive of the law which expresses ^e 
variations in what may be called the valency of 
certain hydrocarbons. The hydrocarbon, 0^11,4, 
is a saturated compound, and is not capable 
of combining directly with atoms or molecules. 
In this sense it has no valency, and is to be 
compared to the elements in the state of mole- 
cules. As is well known, the simplest change 
which can take place in hexane, to convert it 
into a compound with active valencies, is the 
abstraction of two atoms of hydrogen. In this 
way the hydrocarbon, C„H,o, or hexylene, is 
formed. This compound is divalent. An inter- 
mediate monovalent compound cannot be ob- 
tained. The next change of the same kind gives 
a compound, which is tetravalent; and 

thus successively are formed the hexavalent 
compound, CgHg, and the octovalent compound, 
CgHg. The valencies of these compounds are 
then 2, 4, 6, and 8, the variations following the 
same law as is observed in the case of the ele- 
ments. The variations in the case of the hydro- 
carbons are commonly explained by assuming 
different kinds of union between tho carbon 


atoms. The hexavalent group 


V c/ 


be- 


comes tetravalent by tho establishment of 
double union between the carbon atoms, giving 

I i 

a group C=C, and it becomes divalent by the 

establishment of triple union between the carbon 
atoms as indicated thus, —0=0—, Other pos- 
sibilities present themselves when we have a 
compound containing more than two atoms of 
carbon in the molecule. Ai has already been 
shown this same method of explanation has been 
used in the cases of the compounds of mercury, 
copper, and iron, but it is plainly not directly 
applicable to the phosphorus compounds, or the 
sulphur compounds above referred to. It has been 
suggested by Professor Sylvester {v. Am. 1, 64) 
that the variation in the vmency of elements may 


‘ There ore aereral exceptions to tho BO-oalled law ol 
artindt and pitistadi ; InOU and Inq,, and probably alw 
InOl, «ilat aa gaaea j W01« and WOL ; OrOl. probably 
exista aa a vaponr, bealdM OrCU, ; HgOl la probably the 
tnoleoiilar formnla of oalomel, while the oompoaltlon 
of the molecule of oorroaive aobUtnate la repreaented by 
the formnla HgOl^-lC HI. P. M. 


be accounted for by supposing each n-valent 
atom to be made up of n-trivalent atomicules 
united in such a way as to leave one valency 
of each atomicule free. The explanation is 
fanciful, but may perhaps prove of some service. 
• In studying the valencies of the elements in 
connexion with their position in the periodic 
system, certain regularities appear which are of 
great interest. As regards the hydrogen valency 
it is a noteworthy fact that the elements of the 
first three groups in Mendelejeff’s table do not 
unite with hydrogen. Beginning with carbon 
in the fourth group the hydrogen valency de- 
creases regularly, as is shown in the following 
table 

Group 1 2 3 4 6 6 7 

Element Li Be B 0 N 0 P 

Hydrogen compound — — — (JH* NH, OH, FH 

Taking next the chlorine valency we find, 
beginning w^th Group 1, a regular increase to 
Group 4, and then a regular decrease, as is 
shown in this table 

Gronp 1 2 S 4 5 8 7 

Element Na Mg Al Si P S 01 

Chlorine com- 
pound NaCl MgCl, AlCl, SlCl, PCI, SOI, 01, 

Towards oxygen the valency increases regu- 
larly from Group 1 to Group 7, as shown thus : — 

Group 1 2 3 4 6 6 7 

Element Na Mg Al SI P B 1 

Oxygen com- 
pound Na.O Mg,0, A1,0, 31,0, P,0, S,0, 1,0, 

This series of oxygen compounds is of special 
interest. One cannot study it impartially with- 
out reaching the conclusion that we have here 
to deal with a regular increase in the valency 
from 1 to 7. Any other conclusion involves an 
explanation for the compounds PyOg, SO,, and 
I.p, entirely different from that which we make 
use of for other oxygen compounds in the 
series. Further, when we consider the hy- 
droxyl derivatives of these elements, we shall see 
that it is impossible to deal with them satisfac- 
torily on any other assuiijptioi! than that phos- 
phorus is tetravalent, sulphur hexavalent, and 
iodine heptavnlent towards oxygen. This is 
perhaps most strikingly shown in the case of 
periodic acid. This compound is commonly 
represented by the formula HIO^, and the struc- 
ture H-O-O-O-O-I is given to it. It can easily 
be shown, however, that on this assumption 
most of the salts of periodic acid cannot be 
explained. Whereas, if the periodates be con- 
sidered as derived from several acids, all of 
which are in turn derived from the normal 
periodic acid I(OH), by processes of dehy^a- 
tion, they can all be explained without serious 
^fficulty. The acid HIO4, according to this, 
is derived from normal periodic acid thus : 
I(0H), = 0,I(0H)-f3H,0; and in it the iodine 
is regarded as heptavalent, holding three atoms 
of oxygen and one hydroxyl. In a similar way 
Bulphurio acid is regained as derived from the 
noMnal aoid or maximmu hydroxyl compound 
S(OH), by loss of water ; • 

S(0H),-0,S(0H),+2H,0. 

According to this, in sulphuric aoid the sulphur if 
hexavalent, holding two atoms of oxygen and two 
hydroxyls. Sever^ facts which have come to 
light in the study of derivatives of sulphurio add 
spea^ in favour of this view, or at ie^ against 
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the view sometimes held that the acid is consti- 
tuted thus, HO-O-S-O-OH. In short, whether 
we study the elements with reference to their 
positions in the periodic system or with refer- 
ence to the chemical transformations of their 
compounds, we are led to the conclusion that 
the more probable view inaregard to their valency 
towards oxygen is that it increases regularly 
from 1 to 7 from Group I. to Group VII. ; and that 
the valency of the elements towards hydrogen is 
quite different from their valency towards oxygen, 
except in Group N. Taking the last four groups 
it is seen that as the valency towards hydrogen 
decreases the valency towards oxygen increases : 

Group 4*6 6 7 

Hydrogen compound SIH 4 PH, SH, IH 

Oxygen compound SljO* P.O, S,0, 1^0, 

It appears from further study that the 
valency of an element towards hydrogen is 
constant, while towards chlorine ana oxygen it 
is evident from what has already been said that 
the valency varies. Except in the fourth group 
the maximum valency is never exhibited towards 
hydrogen. Chlorine occupies an intermediate 
place. In the fourth and fifth groups the 
valency towards chlorine is the same as towards 
oxygen. In the sixth group the valency towards 
hydrogen is two, towards oxygen six, and towards 
chlorine, as shown by the highest chlorine com- 
pound of sulphur, it is four. In the seventh 
group the valency towards hydrogen is one, and 
towards oxygen seven, while the highest valency 
shown towards chlorine by a member of this 
group is three, as in the compound ICl,. To- 
wards fluorine, however, the valency of iodine is 
five, as shown by the compound IF^.' 

The facts just referred to show beyond ques- 
tion that the valency of an element is not a con- 
stant property, residing as it were in the element, 
but that it is determined to some extent by ex- 
tern^ circumstances, and particularly by the 
character of the element with which an element 
is brought in contact. We find analogy for this 
in the conduct of some acids towards bases. 
Thus, ordinary phosphoric acid is commonly 
spoken of as a tribasic acid, but its basicity i.s to 
some extent dependent u])on the character of 
the base with which it reacts. Strictly speaking 
it is only dibasic towards sodium hydroxide, 
while towards most other bases it is tribasic. 
The intensity of the action of the acid towards 
sodium hydroxide is greater than towards most 
other bases, and after the acid has taken up two 
atoms of sodium its power is nearly exhausted. 
It can, to be sure, take up a third atom of 
sodium, but the compound thus formed is very 
unstable. But it can take up and hold firmly 
in combination three atoms of silver. Consider- 
ing the differences in the valency of any element 
towards other elements, it appears in general 
that the valency is small towards an element 
with which it combines with much energy, while 
it is larger towards an dement with whicheit 
combines with little energy. This is well illus- 
‘ If by th® valency of an element ie meant the maximum 
■umber of atoms with which one atom of the given ele- 
ment can be directly associated in a gaseous molecule, then 
oonoltudons about the valency of this or that element must 
be drawn, at present only from a study of ganeous mole- 
•ntee. In this case, some of the remarks about the valencies 
ti these paragraphs would be rather Irrelevant. 

M. H. P. H. 


trated by the compounds of chlorine with hydro* 
gen and with oxygen. 

The phenomena studied under the head of 
valency show clearly that, when atoms combine 
to form a molecule, they are not merged into 
one homogeneous mass, but are arranged with a 
certain definiteness ; and the study of the facts 
of isomerism confirms this view in a striking way. 
We speak of the atoms as being linked together, 
and this linking is found to take place according 
to the la\Vs of valency. By the constitution or 
structure of a compound is meant the way in 
which the atoms are linked together. The con- 
stitution is expressed by means of a formula 
which is intended to show-^on the basis of certain 
assumptions, and by the help of several conven- 
tions -how the atoms are linked together. Thus 

the formulm II-O-H, &c., are consti- 

tutional formula). These are determined by 
methods which will be considered in the article 
Fokmul'i*:. It need only be remarked here that 
they are determined chiefly by studying the re- 
actions of compounds, and the methods by which 
they are built up from simpler substances. The 
reactions being known, they are interpreted in 
terms of the atomic theory and the hypothesis 
of the linkage of atoms. 

To sum up in a few words the chief conclu- 
sions which wo are justified in drawing in regard 
to valency ; — 

The so-called theory of typos was the fore- 
runner of the valency hypothesis. 

Fraiikland firht recognised the fact that the 
power of atoms to unite with other atoms is 
limited to a definite number of other atoms. 

Kekul6 and Couper elaborated the valency 
hypothesis, and showed how it may be used to 
explain chemical compounds. 

The facts show plainly that valency is not 
a constant property of the elements, but that 
it varies : (1) according to the nature' of the 
uniting elements ; (2) according to surrounding 
circumstances, such as the temperature. 

Valency is not to be thought of as determined 
by a certain number of points of attraction in 
the atom, but rather as a condition— perhaps a 
form of motion. Valency is a function of the 
atomic weights of the elements. I. R. 

EEBIUM Er. At. w. IGU. Mol. w. un- 
known as element has not been gasified. Chief 
lines in emission-spectra: 6820,5260,49;'! (Cleve, 
C. li, 91, 381). 

In 1788 Gadolin, professor at Abo, found a 
new earth in a mineral from Ytterby in Sweden ; 
the discovery was confirmed by Eckeberg in 1797, 
and the new earth was called Yttria. The exami- 
nation of yttria tiord Oadolinite (the mineral was 
thus named' after Gadolin) by Berzelius (1819), 
Mosander (1839 and 1843), and Scheerer (1842), 
led to the recognition of seven earths in what 
had been regarded by Gadolin as a homogeneous 
substance, viz. beryllia, lanthana,ceria, didymia, 
yttria, erbia, and terbia. Many researches were 
conducted in the fears 1860-1878 on the earths 
from Gadolinite ; some of the results jpointed to 
the non-existence of terbia as a distinct earth, 
while others made the existence of this body very 
probable; the investigations of Oleve seem to 
show that terbia is a definite earth. The sub- 
stance to which the name of erbia bad been 
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jfiven waB very carefully examined by Marignao 
in 1878, and subsequently by Nilson, and then 
by Cleve, with the result that it was shown to be 
a mixture of the three earths ytterbia, soandia, 
and erbia, and to these Cleve afterwards added 
two others, viz. holmia and thulia. The inves- 
tigation of these earths is yet far from complete. 

To obtain tlie crude earths from QadoliniUt 
Bahr a. Bnnsen {A. 137, 1) decompose the 
mineral by IlClAq, snparato SiO^ by evaporation 
to dryness and addition of HClAq, hoAt to boil- 
ing, and ppt. by oxalic acid *, they wash the pp., 
convert the oxalates into nitrates, and ppt. the 
cerium coin[)ounda by addition of KjSO,; the 
earths of the erbium ^roup are then ppd. from 
the filtrate by oxalic acid, the.oxalatos are heated 
in a Pt dish, the carbonates thus obtained arc 
boiled in water (to dissolve out K.CO,), and dis- 
solved in IlNOsAq; oxalic acid is again added, 
and the ppd. oxalates are once more converted 
into carbonah'S by heating; the carbonates are 
tested for didymium by observing the absorp- 
tion-spectrum of a very cone, solution in 
]INOjA(i; if Bi is present the treatment witli 
K.SO^ is repeated until a pp. is obtained free 
from Di; the earths are then ppd. by NlI,Aq 
free from (NIT,), CO,: tho pp. is dissolved in 
HNOjAq, and the oxalates are ppd, by addition 
of oxalic acid. Tlicrc aie different methods for 
obtaining erbia from tho mixed oxalates. Auer 
V. Welsbaoh iceom mends the following {M. 4, 
630). The oxalates are converted into oxides by 
heating strongly, the oxides are made into a paste 
with water and thrown into a quantity of liot 
nitric acid insuflicieut for their complete solu- 
tion; a basic erbium nitrate containing yttria 
forms on cooling ; tho process is nqieated several 
times ; at last, when there is a considerable 
quantity of undissolved ox^de in the boilingnitnc 
acid, the whole becomes somewhat pasty and 
greyisli-red in colour; the mass is now allowed 
to cool*, and cone, nitric acid is added in small 
successive quantities until the colour becomes 
reddish. The acid dissolves compounds of Ce 
and traces of Fe salts ; a compact rose-coloured 
pp. settles down, from which the mother-liquor 
can bo poured off. The pp. is washed with alco- 
hol with the aid of a liltcr-pump ; the alcohol dis- 
solves nitrates but leaves the basic nitrates. The 
pp., which consists of basic erbium nitrate con- 
taining yttrium nitrate, is purified by a long and 
tedious process, based on the fact that basic 
erbium nitrate is produced more readily than 
the basic yttrium salt by heating the mixed 
nitrates with the oxides of the metals, and that 
the basic yttrium salt is more soluble than the 
erbium salt in liquid containing the normal ni- 
trates. Another method df obtaining basic er- 
bium nitrate consists in heating the mixed 
nitrates (formed by dissolving the oxides or car- 
bonates in HNO^Aq) in a Pt dish until red funaes 
are evolved, and a portion of the residue is in- 
soluble in water ; the insoluble portion is again 
heated, and then treated with water, and so on 
(Marignac, Ch. [6] 14, 247^ Cleve, C. B, 91, 
881 ). 
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The metal erbium has not yet been isolated. 
The atomic weight was determined by Dela- 
fontaine [Ar. Sc. 1866. 112), Cleve a. HOglund 
(Bl. [2] 18, 103, 280), Humpidge a. Burney (C. /. 
3.5, 11), but the results were too high. Cleve re- 
determined the at. w. by synthesising the sul- 
phate from pure Er^O, : he obtained the value 
166*15 (C. R. 80, 706; 01,381). 

So far as the investigation of Er compounds 
has gone, it shows that this metal is best placed 
in Group V, in the odd series 0, between Sb and 
Bi ; Er is ako analogous to the earth-metals So, 
Y, La, aiid^Yb, and it shows resemblances to Ce 
{cf. Nitroqkn ukoup of elements, and Earths, 

METALS OF THE). 

Erbium, haloid compounds of. Erbium 
bromide, chloride, fluoride, and iodide, ErX* 
(X = Br, Cl, F, I), have been described; but as 
the material worked with was not known to be 
perfectly free from other metals of the yttria 
group, but little stress can be laid on the descrip- 
tions given. These compounds are said to bo 
rose-coloured and deliquescent. 

Erbium, oxide of. ErjOj. S.G. 8'64. S.H, 
♦065. S.V.S. 43*98 (Nilson a. Pettersson, B. 13, 
1459). Emission-spectrum characterised by 
bright lines 6546 (red), 5631 and 5387 (yellow), 
5228 and 5204 (green) (Bahr a. Bunsen, A. 137, 
1; Do Boisbaudran, C. R. 76, 1080; 88, 1167, 
1342; 89, 212, 516); the dark lines of the ab« 
sorption -spectrum of the solution of an Er salt 
correspond with these. Obtained by heating the 
nitrate or oxalate lu air. Pale rose-coloured 
powder. Not changed when heated in H. In- 
fusible; glows with intense green light when 
heated, without volatilising. Slowly dissolved 
by hot HNO.Aq, H,SO,Aq, or*HClAq. Does not 
directly combine with water. 

Erbium, salts of. Compounds obtained by 
replacing H of acids by Er. These salts are 
formed by dissolving Er^Oj in acids *, many are 
also formed by double decomposition from the 
sulphate or nitrate. Solutions of Er salts are 
more or less rose-coloured ; they generally have 
an acid reaction with litmus, and taste sweetish 
but astringent. The salts all belong to the form 
Er.,3X where X- SO4, 2NO„ ^PO^, Ac. ; a few 
basic salts, e.g. Er,,08.2C0.„ have been obtamed. 
The principal salts are the bromate, carbonate, 
chknate and perchlorate, formate, iodate and 
periodate, nitrate, oxalate, selenate and selenite, 
sulphate and sulphite, and phosphaU (v. Cab- 
BONATES, Nitrates, Ac.). M. M. P. M. 

EEG08TERIN Cj,H„0. [154°]. S.G. 1*04. 
[a]r , « - 114°. Extracted from ergot of rye 
(Tanret, 0. R. 108, 9^). Pointed needlea (oon- 
taining aq) ; sol. alcohol and ether ; ioBol. 
water. Slowly oxidises in air, very rapidly at 
100"’. Is not attacked even by hot concentrated 
alkalis. Resembles cholesterin in many re- 
actions, but gives different results with sulphuno 
acid and ohlorofonn. The acid dissolvei the 
ergosterin, and agitation with chlorofonn givei 



no colouration till evaporation takes place, when 
a traoe of violet appears. 

Formyl d«rtva<ivsCaaHgg(CH0)O. [164°]. 
[«]- -93-4°. Spangles, sol. ether. 

Acetyl derivative OjgHj^oO. [169°]. 
[«]»■• -80°. Pearly spangles, sol. ether and 
alcohol, insol. water. 

Butyryl derivative 028 H,j(C 4 Hg 0 ) 0 . 
[95°J. [«]t.--67°. 

EEGOTIKINE Echoline. S. (96 

p.c. alcohol). *6 at 20° ; 2 at 78^. [a]j = 137-6°. 
Occurs in ergot of rye, together (according to 
Dragendorflf) with * scleromucin,’ ‘ sclerotic acid,’ 
* sclererythrin,’ ‘ sclerocrystallin ’ C, , 11 ,^ 04 , 
‘ scleroxanthin ’ C^HigO^l^aq, a hydrate of 
sclerocrystallin, mycosc, maanite, cholesterin, 
leucine, lactic acid, methylamine, and trimethyl- 
amine (Wiggers, A. 1, 171 ; Mauassewitz, Z. [2] 
4, 164 ; Denzel, Ar. Ph. [3] 22, 49 ; Dragendorff, 
Ar.Ph.1,^2 ; C. C. 1878, 125 ; Bombelon, C. C. 
1888, 472). Ergot also contains a fatty oil (Her- 
mann, Bep.Pharm.20, 283; GQ.n&eT,Rep.P}Lann. 
20, 301). Tanret (J. Ph. 26, 320 ; C. J. 34, 81) 
also obtained from ergot a crystalline substance, 
smelling like camphor [166°], (209°), insol. water, 
sol. alcohol, and chloroform. Kobert {J. 1884, 
1612) describes ergot as containing cornutine 
and sphacelic (ergotic) acid. 

Premration.—Th6 ergot is exhausted with 
alcohol, caustic soda is added to alkaline reac- 
tion, the alcohol is distilled o0, and the residue 
agitated with ether. The ethereal extract is then 
shaken with a concentrated solution of citric 
acid, the citrate is decomposed by K^COg, and 
the ergotinine extracted by ether, from which it 
crystaBises. In this way 1-2 g. is got from 1 kilo 
of ergot (Tanret, A. Ch. [5] 17, 499 ; C. B. 81, 
896 ; 86, 888 ; cf. Blumberg, Ph. [3] 9, 23, 698). 

Properties.— BQMc&iQ prismatic needles, turn- 
ing brown in air. Insol. water, sol. alcohol, 
ether, and CHCl,. When the ergot is old an 
amorphous substance (? modification of ergoti- 
nine) present, which increases its solubility in 
alcohol. Its solutions fluoresce violet. The rota- 
tory power of the amorphous ergotinine [a]j = 122° 
is less than that of the crystalline variety. Er- 
gotinine gives all the general tests characteristic 
of alkaloids. When a drop of HjSO^ is added to 
its solution in acetic acid a red colouration pass- 
ing rapidly to violet and blue is formed. Ergo- 
tinine when injected hypodermically produces 
intoxication. 

Salts.--B'HCl.-BliBr. 

EBICIK. A dye-stuff in Erica vulgaris. It 
gives a bronze-green pp. with iron salts, a golden- 
green pp. with tin salts, and a green colour with 
copper salts (Savigny a. CoUineau, C. C. 1881, 
703; C. 42, 309). 

BBICINOHE 0«H„0, (?). [c. 167°]. An in- 
different crystalline substance, said by Uloth 
[A. Ill, 216) to be obtained by the dry distilla- 
tion of erieaceous ^ants. May be sublimed. 

XBICOLUl ^ resinous glucoside 

found in several plants of^e heath family, e.g. 
ttammnn ling {Collufia vul^aris)^ wild marsn 
rosemary {Led/um pahuire)^ in the red bearberry 
{Arctoetapkylus uva urtt)t in QauUheria wo- 
cumbent, in Emaa rmns, and in Rhododendron 
femi/gmtum ^toohleder a. Schwarz, A. 84, 364, 
368; Kawalier, Site. IT. 9, 29; Oxley, Ph. [3] 
% 1060; Thai, 1883, 1401)« It has a bitter 


taste. Dilute acids split it up into glucose and 
erioinol. 

Xrioinol Formed, together with glu- 

cose, by distilling ericolin or pinipicrin with di- 
lute HOI or HjSO.. Volatile oil, turning brown 
in the air (Boohleder; Kawalier ; Thai ; Frohde, 
J. pr. 82, 181). Ericinol takes up water, be- 
coming ‘ ericinol hydrate ’ CigH^uO*, which has a 
very characteristic odour (Thai). 

EBIOEBON OIL. The volatile oil from 
Erigeron canadense contains a terpene ((176°). 
S.G. ^ *848. [o]j » 6 ° 16'), identical with citrene 
andhesperidene (Wallaoh,d. 227, 292 ; cf. Vigier 
a. Clo 6 z, J. Ph. [ 6 ] 4, 333). 

EBUCIG ACID Brassidic acid. 

Mol. w. 338. [34°]. An acid occurring as gly- 
ceryl ether in colza’ oil (Welsky, J. pr. 68 , 449 ; 
Staedoler, A. 87, 133 ; Otto, A. 127, 182 ; 135, 
226; Haussknecht, A. 143, 40), in the fixed oil 
of white mustard {Sinapis alba), and of black 
mustard (Darby, A. 69, 1 ; Goldschmiedt, Sitz. 
W. [ 2 ] 70, 461 ; 74, 394), and in the fatty oU 
from grape seeds (Fitz, B. 4, 442). 

Preparation.— Rape-seed oil is saponified by 
alcoholic KOH ; after distilling off most of the 
alcohol the fatty acids are precipitated with di- 
lute H 2 SO 4 , separated, and dissolved in three 
times the weight of 95 p.c. alcohol ; on cooling 
the solution to 0 ° the erucic acid crystallises 
out, and is recrystallised in the same way (Rei- 
mer a. Will, B. 19, 3320). Long needles (from 
alcohol). Decomposed by potash-fusion into 
acetic and araohio acids. Br forms the di- 
bromide C 2 ..H 4 jBrj 02 [43°] (u, Di-bromo-deuenio 
acid). Nitrous acid converts erucic acid into the 
isomeric brassic acid (q. v.). HI and P at 200° 
give bchenio acid. 

Salt 8 .— NaA'.—BaAV— PbA'^.— AgA'. 

Ethyl ether EtA': (above 360°); colour- 
less odourless oil ; converted by nitrous acid into 
ethyl brassate. 

Olycerin-di’erucic ether C 3 Hi(OJI)A’ 3 , 
Dierucin. [47°]. Silky colourless crystals (from 
ether-alcohol). Occurs as a deposit from rape- 
seed oil after long standing. V. sol. ether and 
ligroin, m. sol. hot alcohol, insol. cold alcohol. 
By nitrous acid it is converted into glycerin-di- 
brassic ether. 

Olycerin-tri-erucic ether Tri- 

erucin. [31°]. From erucic acid and glycerin 
at 300°. 

Amide C 2 ,H 4 ,.CONH, : [84°]; colourless 
needles ; v. sol. ether and benzene, si. sol. alco- 
hol, insol. water. Formed by the action of NH, 
gas upon the anhydride. 

Anilide 02 , 64 , .CO.NHPh : [56°] ; crystals; 
y. sol. ether and benzene, si. sol. alcohol. 

Anhydride (O^JBi, . 00)20 : oil which so- 
lidifies in a hgeezing mixture ; v. sol. ether and 
benzene, v. si. sol. alcohol. Formed by the ac- 
tion of POl, upon erucic acid and subseqaent 
addition of alcohol (Beimer a. Will, B. 19, 8320). 

BBTTHBEKE v. Butimenz. 

Erythzene bromide v. Txtba-bbouo-butanb 
and Dz-bboho-butvleni. 

EBYTHBIE O^HjgO.o i.e. 04 H;( 0 ,H, 0 ,) 204 . 
Erythric acid. Mol. w. 422. [187°]. S. *42 at 
100°; 8 . (ethe^ -d at 20°. Occors in Boecella 
tmetoria, B. Montagneit B. fudformie and other 
lichens (Heeren, 8chw. J. 69, 813 ; Kane, A. 89, 
26 ; Schunok, A* 61, 69 ; Stenhouse, A. 68 , 72; 
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Pr. 12 , 268 ; 0. J. 20, 222 ; Hesse, A, 117 , 304 ; 
Oe £uyLe8, A. Ch. [4] 2 , 386 ; Mensohutkin, BL 
2] 2 , 424 ). Extracted by milk of lime, and ppd. 
jy HOI. Crystalline mass (containing 1^ aq). 
31. sol. water, v. sol. alcohol and ether. Its al- 
joholio solution gives a violet colour with Fej,Clg. 

Beactions,—!. Boiling water or alkalis split 
it up into orsellic acid CgHgO^ and picroerythrin 
; the orsellic acid being resolved by 
longer boiling into COj and orcin. Boiling al- 
zohdl produces, in the same way, orseWic ether 
and picroerythrin. Methyl and amyl alcohols 
act in like manner. — 2. Boiling with excess of 
Lime-water gives erythrite, orcin, and CO^ 
(Lamparter, A. 134, 255).— 3. Bromine forms 

OjoHigBr^Oio- 

Metallic derivatives.— C.^oHaoPbOjo xaq. 
Pbj(C2oHu,Ojo)2 3aq, OaoHjgPb^Ojj. 


Pbj(O20^i;'-'l0,, 

(/3)-Erythrm C^, 11,40 , Occurs in Boccella 
fuciformia (Menschutkiii, Bl. [2] 2, 424). White 
crystalline powder (containing aq). Nearly insol. 
water, sol. alcohol, and other. Decomposed by 
boiling alcohol or water into orsellic ether or 
acid and (/3) -picroerythrin. Boiling baryta splits 
it up into erythrite, CO,., and betorcin. — 
Pb.2a,H,..„o,e. ‘ .. 

Erythrin v, Bromo-flooiiescein. 

EKYTHEITE C,H,„0^ i.e. 
CH.2(OH).CH(OH).CH(OH).CH,2(On). Erythrol, 
Erythromannite. Erythroglucin. Eryglucin, 
Phyoite, Mol. w. 122. [112‘^J. (330°). I3.G. 1*45 
(Schroder, B. 12, 662). Bco 43-G5 (in a 14 p.c. 
aqueous solution) (Kanonnikoff, J. B. 15,449). 
Heat of solution —6200 at 9° (Colson, G.B. 104, 
113). Occurs ready-formed in Prolococcus 
vulgaris and is produced by the action of boiling 
lime or baryta upon erythrin or picroerythrin 
(Stenhouse, Tr. 1848, 76 ; 1849, 399 ; Sticckor, 
A. 68, 111 ; Schunck, P. M. 7, 33, 254 ; Lamy, A. 
O/i. [3] 36, 138; 61, 232; Wagner, J, pr. 61, 
125; IJesse, A. 117, 327 ; Hofmann, B. 7, 612 ; 
De Luynes, A. Ch. [4] 2, 339 ; C. B. 66, 803). 

Properties. — Large dimetrio crystals with 
sweet taste. Inactive. Neutral to litmus. V. 
sol. water, si. sol. cold alcohol, insol. ether. Does 
not reduce Fehling’s solution. Is not ppd. by 
lead subacetate. Its aqueous solution dissolves 
lime, a pp. being formed on boiling or on adding 
alcohol. Does not undergo alcoholic fermenta- 
tion. Like other polyhydric alcohols, it renders 
a solution of borax acid (Dunstan, Ph. [3] 13, 
267). In presence of vegetable mould it under- 
goes butyric fermentation (I'itz, B. 11, 1890 ; 12, 
476). Erythrite does not react when heated with 
aldehyde or isobutyrio aldehyde at 125° (Lochert, 
A. Ch. [6] 16, 64). 

Beoctions.—l. Potash-fkision gives acetic 
and oxalic acids. — 2. Fuming nitric oewi forms 
the nitrate. Dilute nitric acid oxidises it to 
oxalic and tartaric acids (Przybytek, Bl. [2] 36, 
108) ; at the same time there is formed an alde- 
hyde or ketone whose phenyl - hydrazide 
0„H,*N,Oa melts at [167°] (Fischer a. Tafel, B. 
20, 1088).— 3. CrO, and KMn^4 give formic and 
oxalio acids. 4H2SO4 forms a sulphuric acid 
OgHi.OJHO^H), (Hesse, A. 117, 829). The salts 

CaA6aq,Ba,A''',6aq,andPb,A'V2aqhavebeen 

described.— 4. Heating with aqueous HI forms 


thiophene by heating with PjSj (Paal a. Tafel, 
B. 18, 688).— 7. Distillation with SjCl.^ under 
100mm. pressure yields a substance (? C4HrtS04) 
which crystallises from ether in needles [115°] 
(Henninger, A. Ch. [6] 7, 231).— 8. Formic add 
produces several formins, including the crystal- 
line tetraformin 04EL(0.CH0)4. When the 
mixture of formins is distilled at 260° there is 
given off CO.^, butinene, and GO, and a liquid 
distils over consisting of water, formic acid, 
crotonic aldehyde, di-oxy-butylene (crotonylene 
glycol), C4H„(0H)2 ‘ dihydrofurfurane ’ (C4 HbO) 4, 
(67°), and the anhydride of erythrite C^HgO, 
(Henninger, C. B. 98, 149 ; A. Ch. [6] 7, 210 ; 
Bl. [2] 19, 2, 145 ; 21, 242).— 9. Phenyl cyanate 
(4 mols.) heated wflh erythrite (1 mol.) forms 
C4^(O.CO.NHPh), [215°] a miorocrystalline 
solid, si. sol. alcohol and ether (Tessmer, B. 18, 
970). 

First Anhydride C^H^O,. Erythrane. 
(155°) at leTmm. 

Formation. — 1. A product of the action of 
formic acid on erythrite.— 2. By heating ery- 
thrite with equal weights of water and cone. 
H2SO4.— 3. In small quantity by the action of 
HCl on erythrite. 

Properties. — Liquid. Cone. IICl converts it 
into erythrite dichlorohydrin (Henninger, A. Ch. 
[6] 7, 225). 

Second Anhydride CiH^O^ i.e. 

O 0 


CH„.CH.CH.CH., (?). Erythute dioxide. Ery- 
thrane. (138°). ' S.G. a 1-132 ; is 1-113. C.B. 
(0°-18°) -00095. V.D. 3-16 (obs.). Formed by 
treating erythrite dichlorhydrin in ethereal 
solution with KOH, the yield being 70 p.c, 
(Pryzbytek, B. 17, 1092 ; Bl. [2j 41, 393 ; 42, 322). 
Mobile liquid, miscible with water. Slowly 
unites with water to form erythrite. Combines 
with HCl reproducing the dichlorhydrin. Unites 
with HCN to form the nitrile of di-oxy-adipio 
acid. Beadily combines with NHj and amines. 
Aniline forms a compound Cj^H-nN.pj- Reduces 
AgNO, forming a mirror. Ppts. MgO from 
magnesium salts. 

Isomeride of the Second Anhydride 
C.H^O.,. [173°]. Formed, together with 

C4H„(dH)(OEt),„ by the action of NaOEt upon 
erythrite dichlorhydrin, or by treating the 
dichlorhydrin with powdered NaOH (Henninger, 
A. Ch. [6] 7, 225). Plates (from alcohol). 

Di-ethyl ether C4Hg(OH)2(OEt)2. [13-5°]. 
(144°) at 22 mm. From the dichlorhydrin and 
NaOEt at 100° (Henninger, A. Ch. [6] 7, 230). 

Erythrite tetranitrate C^HafNO,)^. Nitro- 
erythrite. [61°]. Formed by dissolving erythrite . 
in cold fuming HNO, and ppg. by the addition 
of H3SO4 (Stenhouse, Tr. 1849, 399). Large 
plates (from alcohol). Insol. cold water. Ex- 
plodes when struck. Alcoholic ammomum 
sulphide reconverts it into erythrite. ^ 

Erythrite tetra-sulphuric acid 
CiI.(SO.H)4. Deliquescent crystals got by 
dissolving erythrite in ClSOsH. Boiling water 
slowly resolves it into erythrite and hydrio sul- 
phate (Claesson, /.pr. [2] 20, 7). 

Sa«s.— K4A"",4aq. Nearly msol, cold 
water. BaA'",4aq. Insol. water. Ppd. by 
adding BaCl* to a solution of the free acid but 


secTndar; butyl iodidS.-6. PBr, gives C^r^ adding BaCl, to a solution of the iwe w a 
[112°] (Colson, 0. JB. 104, 113).- C. Yields ] not to one of the potassium salt (Olaesson). 
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Mono-formyl derivative 
0<Hs(OH),(O.CHO). Erythrite monoformin, 
(192°y Formed, together with the following, 
by boilin^erythrite (1 pt.) with formio acid (2jr 
pts.) for 6 hours (Henninger, A. Oh. [6] 7, 216). 

Tetra-formyl derivative C4Ha(O.OHO)4... 
[160®]. Prepared by heating erythrite with 
formic acid at 200° and extracting with dry 
ether; the product being treated in the same 
way with 20 pts. of formio acid (S.G. 1*18). 
Long needles (from alcohol). 

Benzoyl derivative C4Hj(OH)s(OBz). 
Prom erythrite and HOBz at 250° (Berthelot, 
Chmie orgcmique, 2, 224). Crystalline mass, 
insol. water, t. sol. alcohol and ether. 

Tetra-beneoyl derivative C4H^(OBz)4. 
From the preceding (1 pt.) and HOBz (16 pts.) 
at 200° (B.). Nearly insol. water. 

Orsellyl derivative 
C4H4(OH),(O.CO.C4H,(OH)2Me). , 

Picroeiythrin. [168°]. OMained by boiling 
erythrin with water, alcohols, or alkalis (Schunck, 
A. 61, 64 ; Stenhouse, A. 68, 76 ; Hesse, A. 117, 
821). Silky prisms (containing Saq). Tastes 
bitter. V. e. sol. hot water. Decomposed by 
boiling lime-water into erythrite, orcin, and 
^COj. Gives a purple colour with Fe^Cl*. 

{fiyOrsellyl derivative. Anhydride. 

{$)-Picroejythrin. Obtained by 
boiling (/3)-erythrin with alcohol (Menschutkin, 
Bl. [2] 2, 424). Neeies, v, e. sol. water and 
alc<^ol, insol. ether. Beduces hot silver solu- 
tion. Split up by boiling with baryta into CO, 
erythrite, and betorcin CgHioO,,. 

a^hrite chlorhydrin C4H8(0H)3C1. [66°]. 
Flat interlacing needles, sol. alcohol, insol. 
ether. 

Erythrite dichlorhydrin C4H8(OH).^Cl2. 
[126°]. (162°) at 30 mm. Prepared by heating 
erythrite (200 g.) with cone. HClAq (2400 g.) for 
6 hours, and distilling the product under re- 
duced pressure. Arborescent mass of crystals, 
V. sol. alcohol (Henninger, A. Ch. [6] 7, 228 ; 
Przybytek, B. 17*, 1091). A mixture of HNOj 
and H2SO4 converts it into the nitrate 
C4H4(NO,),Cl3 [60°] (Champion, C. R. 73, 114). 

Srjrthntc tetraoluorhydrin v, Tetra-chloko- 

BUTANE. 

Erythrite dibromhydrin C4H„(OH)jBr2. 
[130°]. From erythrite and cone. HBrAq at 
110° (Champion, Z. 1871, 348; C. R. 73, 114). 
Crystals (from ether), insol. water. A cold 
mixture of fuming HNO, (1 pt.) and cone. H,S04 
(2 pts.) forms the nitrate C4:^(NO,)2Br2 [76°]. 

EEYTHBOCENTAUEIN [136°]. 

8. *06 at 16°; 7 at 100° ; S. (86 p.c. alcohol) 2 ; 
S. (ether) *4 ; S. (chloroform) 7. A substance 
ullifld to santonin which may be extracted by 
alcohol from the common centaury {Erythrcea 
Omtaimum). Tasteless crystals (from ether) ; 
neutral to litmus. Inactive. Sol. most menstrua ; 
water ppts.it unaltered from its solution inH2S04. 
It turns bright red in sui^ight, being affected by 
the blue or riolet rays; the red colour disappexrs 
on solution or oif heating to 130° (Mehn, J, Ph. 
[ 4 ] 8 , 2 ^. 

EB^HROOLirCIO ACID O4H8O3 i.e. 
CH,(OH).CH(OH).CH(OH).00,^ Obtained by 
^e oxidation of eiTthrite by air in presence (ff 
{datinum-black or by nitric acid (Sell, Bl, [2] 6, 
§84 (Lamparter, A, 134 , 248). Deliquescent mass ; 


V, sol. water and alcohol.— BaC4H,Oj aq (L.)^ 
(C4H4PbO»KPbO2H2(S.).-C4H«PbO4(atl60°;ri.). 

EETTHBO-OXT-ANTHBAQUINONE v. Oxr- 

AKTHRAQUINONB. 

EXTTHBOPHLElKE. An alkaloid in the 
bark of Erythrophlceum guineense (Gallois a. 
Hardy, Bl. [2] 26, 39). Sol. alcohol, si. sol. 
ether. Gives a violet colour with MnO, and 
H2SO4. 

ESENBECKINE. An alkaloid in the bark of 
Escnbecifia fehifuga (Buchner, Rep. Pharm. 31, 
481; 37, 1 ; Am Ende, Ar. Ph. [2] 143, 112). 

ESEBINEC.jHj.NjO^. Phytostigmine. [45°]. 
An alkaloid which may be extracted by moist 
alcohol from Calabar beams (Petit, J. Ph. [4] 14, 
255; G.R. 72, 569; Hesse, A. 129, 115; 141, 
82). Resinous ; v. sol. alcohol, ether, benzene, 
andCHClj; m. sol. water. Alkaline to litmus. 
Poisonous, producing contraction of the pupil. 
The sulphate evaporated with ammonia leaves a 
blue residue. Bleaching powder colours its solu- 
tion red.— B'HIHglj. [70°] (H.). 

ESSENTIAL OILS. Oils, usually obtained 
from plants, which are volatile either alone or 
with steam. They usually contain one or more 
hydrocarbons such as terpenes {q. v.) and one or 
more substances containing oxygen, which some- 
times separate in a solid form on cooling strongly 
and are then called stearoptenes, the remaining 
liquid being termed elieoptene {v. also Oils). 

ESTER. A name applied by Gmelin to com- 
pound ethers derived from oxygenated acids to 
distinguish them from simple and mixed ethers. 

ETHALDEHYDE v. Aldehyde. 

ETHANE C^H, i.e. CH,.CH,. Di-methyl- 
ethyl hydride. Mol. w. 30. S. -0871 at 0° (Bun- 
sen) ; S. (alcohol) 1*6 (Berthelot,-/. 1867, 344). 
H.P.p. 25,670 (Thomsen, /.pr. [2] 23, 158) ; 28,560 
{Th.)\ 28,000 (Dulong; Favre a. Silbermann). 
H.P.V. 21,510 (Thomsen) ; 27,400 {Th.). 

Occurrence. — In the gases given off by natural 
petroleum (Smith, A. Ch. [5] 8, 566). 

Formation. — 1. By the action of methyl 
iodide upon zinc or sodium (Frankland, C. J. 2, 
173 ; A. 71, 213 ; Wanklyn a. Buckeisen, A. 
116, 329).— 2. By heating propionitrile with 
potassium (Frankland a. Kolbe, G. J. 1, 60; A. 
65, 269). — 3. By the electrolysis of potassium 
acetate (Kolbe, A. 69, 279).— 4. By the action of 
water on zinc ethyl (Frankland, C.J. 3, 338 ; A. 
71, 203 ; 85, 360 ; 95, 63).— 6. By heating ethyl 
iodide (9 pts.) with Al^Olo (2*6 pts.) at 150° 
(Kohnlein, B. 16, 562).— 6. In small quantity 
together with methane and CO,^ by heating A0.4O 
with BaO,(Schutzenberger, Bl. [2] 5, 278 ; Darling, 
C. J. 21, 496).— 7. From HgEtj and H5SO4 (Sohor- 
lemmer, A. 132, 234).— 8. From EtI, alcohol, and 
zinc-dust (Sabanejeff, B. 9, 1810). 

Preparation.— By dropping a mixture of 
equal volumes of ethyl iodide and absolute aloo- 
I hoi upon the copper-zinc couple, the gas being 
passed through a scrubber containing copper- 
zinc, through alcoholic NaOH, through bromine- 
water, through caustic soda, and finally through 
slaked lime (Percy Frankland, 0. /. 47, 236). 

Colourless gas. Burns with pale 
flame. With water under pressure it forms a 
crystalline hydrate (VUlard, C. R. 106, 1602). 
The identity of ethane from ZnEt, with that 
from KOAo may be shown by chlorination, both 
yielding ethyl ohloride (Schorlemmer, A. I8I4 



ETHANE SULPHONIO ACID. 461 


76 ; 182, 234) or by their heats of oombastion 
(Thomsen, J. pr, [2] 23, 158). 

Derivatives v. Bbouo-, Bbomo-xodo-, 
Bbomo-nitbo-, Ohlobo-, Chlobo-iodo-, Chlobo- 
NITBO-, NxTBO-BTHAKBS, (&0. 

ETHAKE-ABSONIO ACID v. Absenio com- 

FOUNDS, OBOANIO. 

ETHANE-TBICAEBOXTLIG ACID 

C02H.0H2.CH(C02H)2. [159°]. From the ether 
by cone. KOHAq. Formed also by saponifying 
ethane tetra-oarboxylic acid and from bromo- 
Buocinio ether by successive treatment with alco- 
holic KCy and KOH (Orlowsky, J. B. 9, 278 ; B. 
9, 1604). Small hard prisms (from ether). V. 
sol. alcohol, ether, of water, si. sol. benzene. 
When melted it splits up into COj and succinic 
acid. 

Salts. — The ammonium salt gives pps. with 
BaClj or Pb(OAo)j in the cold, and with CaCl^ or 
Fed- on warming. — Ca3A'"2. — Zna A'",, 2aq.— 
Ag,AH 

Ethyl ether C02Et.CH2.CH(C02Et)2. (278° 
uncor.). S.G. 1*089. From malonio ether, 
NaOEt, alcohol, and ohloro-acetio other (Bi- 
scdioff, A. 214, 38). Oil. V. e. sol. alcohol or 
ether. By the action of d on the ether chloro- 
ethane-trioarboxylic ether is formed, which on 
boiling with HCl gives fumario acid, and with 
KOH gives malic acid. By the successive 
action of sodium and chloro-acetio-ethor on the 
ether, the ether of propane-tetra-carboxylic acid 
(C02H)CH,.C(C02H)2.0H2(C0,H) is formed, and 
this acid on heating gives CO., and tricarballylio 
acid (CO ^)CH,.CH(C02H).CH2(C0.,H) (Bischofif, 
B. 13, 2161). 

First nitrile v. Cyano-succinic etheii. 

Ethane tetra-oarboxylic acid C^n«0, i.c. 
(C0.,H)2CH.CH(C02H),. 

Acetylene tetra-carboxylic acid. 

Di-ethyl ether 

CO2EtjCH(CO2H).CH(0O.3H).CO.,Et. [133°]. The 
potassium salt is formed as a sticky pp. by the 
action of KOH (36 g.) on the tetra-ethyl ether 
(28 g.) dissolved in alcohol (720 g.) at 0°. Plates 
with obtuse angles. Deliquescent, v. sol. alcohol 
or ether, si. sol, chloroform or CS^. When heated, 
it splits ofif COj, becoming succinic ether 
(Guthzoit, A. 214, 72). The salt Na^Et.A'"' is 
convertedL by di-bromo-o-xylone OfiH<(CH^Br)2 
into naphthalene tetra-hydride tetracar boxy lie 
acid(Baeyer a. Perkin, B. 17, 449). 

Tetra-ethyl ether Et, A"". [76°]. (305°). 
From malonic ether, chloro-m alonic ether, N aOEt 
and alcohol (Conrad a. Bischoff, A. 214, 68 ; B. 
13, 601 ; 21, 2087). Formed also by the action 
of iodine (1 mol.) on sodio-malonic ether (2 mols.), 
dissolved in absolute alool»l (BischoS a. Bach, 
B. 17, 2781). Needles. V. sol. alcehol, ether or 
benzene. 

Reactions. — 1. Very stable. NaOEt and 
benzyl chloride do not form a benzyl derivative. 
2. Heated with aqueous HCl, or with aqueous 
KOH, it forms COj, ethane tri-carboxylio acid 
and alcohol. . 

Amide Crystals, v. si. sol. 

water. Decomposes above 230°. 

BTHANE-PHOSPHONIC ACIDO^Hj^OfOH),. 
[44°]. From ethyhphosphine and fuming HNO, 
(Hofmann, B. 6, 106). Crystals, v. e. sol. water.— 
Ag>' ; amotphous yellow pewder. 


Chloride C2H,.POCl-. (o. 176°). Liquid 
(Miohaelis, B. 18, 2174). 

ETHAl^-SELIKIG ACID v . SEiiENiUH com- 
pounds, OBOANIO. f 

ETHANE.BULPHINIC ACID OjH*.SOjH. 

•EthyUsulphimc acid. 

Formation. — 1. By the action of ZnEtf 
followed by water upon SO- (Wisohin, A. 139, 
364). — 2. From ethane-sulphonio chloride and 
zinc-dust (Pauly, B. 10, 941).— 3. By the oxida- 
tion of sodium mercaptide NaSEt.— 4. From 
PbEt4 and SO, (Frankland a. Lawrance, C. J. 
36, 246). 

Properties.— Syrup. Gives ethane-sulphonio 
acid when oxidised by HNO, (Claesson, J. pr. 
[2] 15, 222) and a ^compound C.H.jNS.O, [81°] 
(Zuoksohwerdt, A. 174, 308). 

Salts.— NaA': crystals (from alcohol). — 
BaA'2 aq. — ZnA'j aq.— PbA',. From PbEt* and 
SOj (Frank^nd a. Lauranoe, B. 12, 846).— AgA' : 
laminie, m. sol. water. 

Ethane di-sulphinic acid G^H-S-Oi t.s. 

02H4(S02H)2. 

Kthylene-disulphinic acid. From ethane 
disulphonic chloride C2H4(S02C1)2, zinc-dust and 
water (Otto, J. pr. [2] 36, 439). The free acid 
is unstable. 

Salts. — Na.A"4aq: small lamins from 
alcohol), V. e. sol. water, si. sol. alcohol. — ZnA',: 
small plates, si. sol. cold, v. sol. hot water. 

Di-methyl ether Me-^A". [190°]. Di- 
methyl ethyUne disulphone. From the sodium 
salt and MeBr. Plates, insol. cold, sol. hot 
water and alcohol. 

Di-ethyl ether EtJJ'. [137°]. Ethylene 
diethyl sulphojie. From NBjA" and EtBr (Otto, 
J. pr. [2] 36, 436). Needles. SI. sol. ether, 
benzene, chloroform and CS2, v. sol. hot alcohol. 
Converted by PCl^ into C2H4(S02C1)2 [91°]. Re- 
duced in alkaline solution to ethane sulphinio 
acid. Aqueous KOH forms 02H4(0H)(S02Et) 
and ethane-sulphonio acid. Ammonia forms a 
substance [83°]. 

Di-propyl ether Pr^AA [165°]. From 
Na.A"andBrPr (Otto). Iridescent plates. 

CH2.SO2.CH, 

Ethylene ether i,e. \ | . 

CH,.S0.2.0H, 

From NajA" and ethylene bromide (Otto, J. pr 
[2] 36, 446). Prisms, insol. ordinary solvents, 
m. sol. hot cone. HNO,. 

ETHANE STTLPHONIC ACID 
Ethyl sulphonic acid. 

Formation. — 1. By the oxidation of mer 
captan, of ethyl sulphocyanide, or of di-ethy 
disulphide (L6wig a. Weidmann, P. 47, 168 ; 49 
829 ; Kopp, A. 86, 846 ; Muspratt, 0. J, 3, 18) 
2. From l^SO, and EtI (Strecker, A. 148, 90 
Graebe, A. 146, 87). 

Properties. — Deliquescent mass. Not aote< 
on by 01, but converted by ICl, into O2H, 01,80,1 
and C«OL (Spring a. Winssinger, B. 16, 446). 

Salts.— NaA' ream— NaA'^Nal (Bender, A 
148, 90). — KA' aq. — OaA', x&q. — BaA', aq. - 
ZnA',7aq.— CuA',6aq.— HgA'jHgO (Claesson, A 
148, 90).— PbA', aq.-AgV. 

Methyl ether UeM. (0. 199°). Fromethaxw 
sulphonic chloride and NaOMe (Garius, J. pi 

liher EtA'. Mol. w. 188. (818 
cor.). S.G. g 1’1712 ; 11452. Bao 29’79. Fro® 
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C^ySOjCni and NaOEt (C.) ; or from EtI and 
AgjSO, (Kurbatoff, A. 17S, 7 ; Nasini, B. 16, 
2884; 0. 13,804). 

Chloride O^.SOoCl. (178® cor.). S.G. 
5^1*367. From the sodium salt and PCI, 
(Gerhardt a. Chancel, C. B. 36, 691). Also fromr 
di-ethyl sulphoxide and phlorino in presence of 
water (S. a. W.). PClj decomposes it into EtCl 
and SOOlj. 

Amide CjHsSOjNHj. [68®]. Silky needles or 
long prisms (from ether). Sol. water, alcohol 
and ether (James, C. J. 48, 43). 

Meihylamide C^j.SO^NHMe. (276°). 
S.G. IS 1’216. From the chloride and methyl- 
amine, both being dissolved^ cold ether (Fran- 
chiraont a. Klobbie, B. T. G. 6, 274). Liquid, 
miscible with water. When poured into 6 pts. 
of fuming HNO, (S.G. 1*6) it forms a nitramide 
0jH,.S02.N(N0,)Me [11°], a liquid which defla- 
grates at 100® and is si. sol. cold ;water.. The 
nitramide is volatile with steam. 

Di-meth/yl-amide C.H.SO.NMej. (240°). 
S.G. ^ 1T46. Liquid, miscible with water. 
When poured into 6 vols. of HNO* (S.G. 1*5) it 
gives di-methyl-nitraraine NMe«NOj. 

Ethyl-amideCM,.SO.,.J^EEt. (272°). S.G. 
IS 1*164. Liquid, miscible with water, sol. 
ether. HNO, (S.G. 1*5) gives the nitramide 
C,H5.S02.NEt.N02 [20°], a c^stalline substance 
si. sol. cold water, volatile with steam. 

Di-ethyUamide C^vSOj.NEt,. (254°). 
S.G. — 1*080. Liquid, with characteristic odour, 
sol. ether, sol. water, but not miscible therewith. 
Fuming HNO, (S.G. 1*6) gives C,Hj.S02.NEt.NO, 
(F. a. K.). 

s-Ethane-disulphonic acid 
S0,H.CH2.CH2.S03H. Ethylene disulphonic 
acid. [94°] (when anhydrous). 

Eormation.—l. Together with sulpho-pro- 
pionio acid and CO,, by heating propionamide or 
propionitrile with fuming H^SO^ (Buckton a. 
Hofmann, C. J. 9, 250; 100, 129).— 2. By 

the action of fuming nitric acid upon ethylene 
thiocarbonato C H^CS, (Husemann, A. 126,209) 
or upon C,,H,(SH)2.— 3. From nitro-ethane and 
fuming H2SO4 (Meyer a. Wurster, B. 11, 1168). 

Properties. — Deliquescent mass of radiating 
crystals (containing aq). Potash-fusion gives 
acetylene (Berthelot, Z. 1869, 682). 

Salts. — (NHJ-jA': long monoclinic prisms. 
— 1 thick, four-sided, inonoclinic prisms. S. 
38 at 17°.— KHA." l?,aq : hard crystalline crusts. 
— 2aq. 8. *023 at 21° (Guareschi, Q. 9, 
88 ).— AgjA": thin monoclinio tables. — 
Ag,HA"2 12aq.— BaA"aq : stellate groups of six- 
sided tablets (B. a. H.).— BaA": monoclinic 
prisms; ppd. by alcohol, or from water. S. 2*86 
at 17® (G.). — BaA" 2aq : trimetrio octahedra 
(Husemann). — CaA". — CuA" 4aq : monoclinio 
light-blue prisms.— PbA" l^aq : easily soluble 
crystals. — PbA' 2aq. — MgA" 6aq. — HgA" 6aq ; 
long thin monoclinio prisms.— Hg, A" aq ; white 
crusts, which separate (m warming into an acid 
and a basic salt.— ZnA^' 6aq ; nacreous mono- 
elinic tables. * 

Chloride 0^(80, Cl),, [91°]. Needles 
/from ether). Boilmg alcohol decomposes it, 
giving off Bu, and EtCl (fildnigs, B. 7, 1163). 

«.Ethane disolphonle CH,.OH(SOjH),. 
EthuUdeM disiilphoMC nc/id. Obtained by 0x1- 
dffing thio-aldehyde (C,H48), or thialdine by 


KMnO, (Guareschi, Q. 9, 76; A. 222, 803). 
Syrup, V. sol. water and alcohol. 

Salts. — Na,A''aq; tables, nearly insoL al- 
cohol. — K,A"2aq: prisms (from water). — K2A": 
needles, ppd. by adding alcohol to its aqueous 
solution. S. 64 at 17°.— MgA" 6aq.— CaA". — 
BaA"3aq: tables (from water). 8. (of BaA") 
11 at 17°. — BaA"3^aq; ppd. by alcohol.— 
CaA" 2aq. — CuA" aq. — Ag,A" aq : slender 
needles. 

Eth>pl ether From Ag-A'and EtI 

(Mauzelius, B. 21, 1551). Beddish oil, insol. 
alkalis, v. sol. alcohol and ether. With NaO'^^t 
it gives Cll,.CNa(SO,Et)2, whence Etl gives 
butane disulphonio ethers 
Ethane-tri-sulphonio acid 
CIL(S0gH).CH(S03H)2. ‘ Ethenyl-tri-sulphonic 
acid.* Formed by boiling tri-chloro-ethane 
(chloro-ethylene diohloride) with a saturated 
aqueous solution of neutral ammonium sulphite 
(Monari, B. 18, 1346). Large hexagonal tables. 
V. sol. water and alcohol. Strongly acid. 

Salts.— A'"Na3 4aq : large six-sided tables.— 
A'"(NH4),: large prisms.— A''',Baa6Jaq : octa- 
hedral crystals, somewhat sol. water. 

ETHANE-THIO-SUIPHONIC ACID 
C2H5.SO2.SH. Prepared by the action of K,S on 
ethane-sulphonic chloride (Spring, B. 7, 11*62). 

Ethyl ether C.H^.SO.SCgHj. Ethyl-di- 
sulphoxide. (130°-140°). S.G. 1*24. Prepared 
by the action of CjH.Br on the potassium salt 
(Otto, B. 16, 122 ; 11, 2073). Formed also by 
heating mercaptan or Et^S^ with nitric acid 
(S.G. 1*23) (Lowig a. Weidmann, A. 36, 343 ; 
Lukasche witch, Z. 1868, 641). Oil, smelling of 
onions *, volatile with steam *, v. sol. alcohol and 
ether, insol. ligrom. Further' oxidation by 
HNO, converts it into ethane-sulphonic acid. 
Zinc and dilute H^SO^ reduce it to mercaptan. 
Aqueous potash forms EtjS,, ethane sulphonio 
acid, and ethane sulphinio acid (Pauly a. Otto, 
B. 11, 2073). 

ETHENYL. The trivalent radicle CH,.Cl 
Vinyl is the name given to the isomeric mono- 
valent radicle CH.,.CH. 

ETHENYL-AMIDINE v. Acktamidine. 
ETHENYL-AHIDO-BENZAMIDE v. Oxy- 

METHYL-QUINAZOUNE. 

ETHENYL TBI-AMIDO-BENZENE 

CgH,(NH,)(NjHC2H;,). The hydrochloride of 
this base B'H^Cl, l^aq, formed by the action of 
HCl on its acetyl derivative, crystallises in easily 
soluble lustrous crystals. 

Acetyl derivative 

C„H,(NHAc)(N,HO,H,) 2aq. [85°-90°] (above 
860°). From tri-amido-benzene and Ac.^O (SaU 
kowski a. Rudolph, B. 10, 1692). Geodes of 
prisms (from water) ; v. si. sol. cold water. 
EthenylHetra-amido-benzene CgHigN, i.e, 

OgH,(NH,),<™>CMe [1:2:3:4], Formed by 

reduction of nitro-ethenyl-tri-amido-bonzene. 
The free base is at once oxidised by the air to 
brown bodies. With quinoncs it forms quinox- 
alines.— B"H,0},; colourless plates. The 
pier ate forms sparingly soluble yellow needles 
(Nietzki a. Hagenbaoh, B. 20, 883). 

Di-ethenyl-tetra-axnido-bensene 0„H„N4 

colourless needles (containing aq). V. sol. sloo* 
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hot And hot water, si. sol. cold water, nearly insol. 
ether. Formed by reduction of di-nitro-di-acetyl- 
j^'phenylene-diamine with tin and HGl. It is a 
very stable body and cannot be saponified. 

Salts.— B^HjCl^aq : colourless soluble crys- 
tals.— B"HjCljPt 0 l 4 2aq : long yellow needles.— 
B"H 4 S 04 aq: colourless needles. — Picrate 
B"C«H2(N02 )j 0H : yellow needles (Nietzki a. 
Hagenbaoh, B. 20, 329). 

Di«ethenyl-tetra-amido.benzene G,oH,oN 4 t.e. 

[1;2;4;6]. (aboie 860“). 

Colourless needles. Formed by reduction of di- 
acetyl-di-nitro-m-phenylene-diomine. 

# Salts. — B"H 2 S 04 *: colourless needles. — 
B"H 2 Cl 2 PtCl 4 Aq : yellow needles (Nietzki a. 
Hagenbach, B, 20, 336). 

ETHENYL-DI-AMIDO-BENZOIC ACID 

C4H,(C02H)<^g^C.CH, [1:3:4]. Ethenyl-o- 

phenylene-diamine carboxylic acid. [c. 302°]. 
Formed by reduction of w-nitro-p-acetamido- 
benzoio acid [221°], or of p-nitro-w-acetamido- 
benzoio acid [206°], with tin and acetic acid 
(Kaiser, B. 18, 2941). White needles (contain- 
ing aq). V. sol. hot acetic acid, less sol. hot 
alcohol, nearly insol. ether, acetone, benzene, 
and chloroform. 

Salts. — A'K : very soluble microscopic 
needles.— A'n,HCl Jaq : easily soluble fine white 
needles. — (A'H,HCl).,rtCl 4 2aq ; thick yellow 
needles, sol. hot, si. snl. cold, water. 

ETHENYL-AMIDO-p-CEESOL 

[l ‘] C,H,(CH.)<°>C.OH,. (219“ nneor.). 

Formed by boiling the hydrochloride of amido- 
p-cresol with' acetic anhydride and sodium 
acetate (NOlting a. Kohn, B. 17, 361). Liquid. 
Sol. alcohol, ether, and aqueous acids, v. sL sol. 
water. 

Salts. — B'HCl* : very soluble white crystal- 
line pdVder. — B'jHjCLPtCl^ : yellow powder, sol. 
water and alcohol. 

ETHENYL - TRI - AMIDO - ^ - CUMENE v. 

AMIDO-\(/-CrrMYLKNE-ACKTAMIDINK. 

ETHENYL-TRI-AMIDO-NAPHTHALENE 
C„H„N. i.e. NH,.C„H.<^,J>C.CH,. From 

tho acetyl derivative of di-nitro-(a)-naphthyl- 
amine by reduction with tin and HCl (Meldola a. 
Streatfeild, C, J. 61, 692). The free base is ex- 
tremely soluble in water, and is rapidly oxidised 
by exposure of its solution to the air. Aqueous 
solutions of its salts are oxidised by air. 

Salts.— B"H 2 S 04 itaq.-B"H 2 Cl 2 l^aq : stel- 
late aggregates of thick stumpy needles.— 
B'^HjClj Jaq : long white needles.— B^TIaPtCl,. — 
B"H 2 ZnCl 4 aq. * 

ETHEirYL.(a)-AMID0-(j3)-NAPflTH0L 

CioHe<^Q^O.CH,. Formed by heating aoetyl- 

(a)-amido-(|3)-naphthol C,oHg(NHAo)OH. — 
B'aHjCljPtCh 2aq : yellow crystalline powder 
(Bottcher, B. 16, 1939 ; C. C- 1884, 898). 

ETHBmrL - (a) . AMIDO - NAPHTHYL - MER- 

CAPTAH 0,oHa<5^0.0H,. [96®] (J.). Formed, 
together with dicarbyl-amido-naphthyl mercap- 
tan, by heating acetyl-(a)-naphthylamine with 
sulphur (Hofmann, B. 20, 1800). Obtained by 
oxi^tion of the thioaoetyl derivative of (a|- 


naphthylamine C,oH,.N:0(SH).CH, with potaa 
sium ferricyanide ; the yield is 60 p.o. of then 
retical (Jacobsen, B. 20, 1898). Colourless pria 
matic crystals (from alcohol) (J.). Insol. water: 
volatile with steam (H.). Gives phthalio acid 
when oxidised by KMn 04 (Jacobsen, B. 21, 
2624). 

ETHENYL-AMIDO-FHENOL o. Auido- 

PHENOL, VOl. i. p. 170. 

ETHENYL-AMIDO-PHENYL MERCAPTAN 
0,H,NS w. C.H.<^^C.CH.. (289°). 

Formation. — 1. By heating o-amido-phenyl 
mercaptan with aldehyde, acetic anhydride, ace- 
tonitrile, or acetyl^hloride (Hofmann, B. 18, 21, 
1286).— 2. By oxidation of a cold dilute solution 
of thio-acctanilide in an excess of aqueous NaOH 
by means of KaFeCy^ ; the yield is 33 p.o. (Jacob- 
sen, B. 19, 1072). 

^operi^s.— Colourless oil. 

When an alkylo-iodide of this base is mixed 
with an alkylo-iodide of methenyl-o-amido-phenyl 
mercaptan, and the aqueous solution boiled with 
NHa, colouring-matters are obtained analogous to 
the cyamines (v. Mkthenyl-o-amido-phknyl-mer- 
captan). In this and other respects the base 
shows considerable analogy with methyl-quinol- 
ine (Hofmann, B. 20, 2262). Phthalio anhydride 
and ZnCla at 190° give rise to the compound 

C«H4<|^C.CH:(C202):C4H4 [above 320°] (Jacob- 
sen, B. 21, 2624). 

Salt.— B'oHaPtCIa : needles or prismi. 

ETHENYL-TRI-AMIDO-TOLUENE 

C.H,(CH,)(NH,)<^^>C.CH, [1:5:8:4]. [o. 

100 °]. 

Di-nitro-acetyl-p-toluidine (1 
pt.) is reduced with tin (6 pts.) and cone. HCl 
(10 pts.) and boiled for five or six hours ; on con- 
centration of the solution the hydrochloride 
crystallises out. 

Properties . — Transparent monoclinio crystals 
(containing aq), a:6:c= l’581.t:l:0’8216. V. sol. 
hot water and alcohol, si. sol. ether and benzene, 
nearly insol. cold water. 

Acetyl derivative 

C«H.,Me(NHAc).N 2 HC.,H, : [166°] ; white con- 
centric needles. Formed by the action of acetic 
anhydride upon ethenyl-tri-amido-toluene, or 
upon p-acetyl-tri-omido-toluene. By boiling 
with cone. HCl it is converted* into ethenyl-tri- 
amido-toluene (Niementowski, B. 19, 719). 

ETHENYL-AMIDO-TOLYL MERCAPTAN 

CgHjCCHsX^g^C.CH,. Prepared by heating 

p-amido-wt-tolyl mercaptan with acetic anhy- 
dride.-(B'HCl) 2 PtCl 4 (Hess, B. 14, 493). 

ETHENYL-AMIDOXIM CjHgNjO i.e. 
CH,.0(NH2):N0H. Acetamidoxim. [136°]. Long, 
pointed crystals. 'Y. sol. water and alcohol. Fe. 4 Clg 
•gives a deep-red colour. On warming with water 
it decomposes into hydy xylamine and acetamide. 
The hydrochloride (B'HCl) is prepared by the ac- 
tion of hydroxylamine on acetonitrile in aqueous 
alcoholio solution at 30°-40°. It or^stalhsea in 
white glistening scales [140®]; v. sol. water and 
alcohol, insol. ether, benzene, and ligroln. 
With NaNOj it yields acetamide and N,0. 
With CuSO* and NH, it gives a blniah-grM 
pp. of th^ formula 02 H,NgOCa(OH)« 
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Benzyl ether CH,.C(NH,):N(00H2Ph): 
yellow oily liquid; v. sol. doohol, ether and 
benzene, nearly insol. water. Its hydrochloride 
(B'HOl) forma silky white scales [163'^], v. sol. 
water and alcohol (Nordmann, B. 17,2746). 
ETHBNYL - AMIDO -XYLYL - MEECAPTAN 

O^EIjMej^g^CMe. Oil. »From thio-acetyl-xyli- 

dine and alkaline EjFeOy, (Gudeman, B. 21, 
2549). 

ETHENYL-AZOXIM v. Azoxma. 
ETHEEYI-BEOMO - (a/3) . NAPHTHYIENE- 
DIAHIXE V. BBOMO-ETHLEKYL-NArUTIlYIiENB- 
OUMINB. 

TEI-ETHENYL-BUTYElf ACID V. Deconoio 

ACID. 

. ETHENYL TEICAEB02LYLIC ACID v. 
Ethane TRiCARnorruo acid. 

ETHENYL • TEI - HETHIIENE . DIAMINE 

bbtained as 

hydrochloride on treating tri-methylene-diamino 
hydrate with Ac,0, distilling ofl HOAc and 
warming in an atmosphere of HCl (Hofmann, B, 
21, 2836). The base is a brown oil. 

Salts.— B'^HaPtOl,: large rhombic crystals, 
▼. sol. water. — B'HCl.AuClj : needles. 

ETHENYL - (1:2) - NAPHTHyLENE - DI- 
AMINE C,oH,<™>C.CH 3 . NaphihijUnc- 

acetamidine. Formed by reduction of the 
acetyl derivative of (l:2)-nitro-(o).naphthyl- 
amine with tin and HCl (Lellmann a. Rcmy, B, 
19, W9). Formed also by reducing brorao- 
ethenyl-naphthylene-diamine [229*^] in alcoholic 
solution by sodium amalgam (Prager, B, 18, 
2161), and by reducing acetyl-nitro-(j8)-naph- 
thylamine with SnClj (Jacobsen,!?, 14, 1794). 

Salts. — B'HOl : small soluble colourless 
needles,— B'^H^Cl^PtCl,: yellow crystalline pp.— 
B'H;S04:[269°];whitepowder.-B'C,Hj(N02)30H: 
[242®] ; small yellow needles or plates. 

ETHENYL-TEI.PHENOL v, Tei-oxy-tbi- 

PHXKYL-ETHANE. 

ETHENYL.DI-PHENYL-AHIDINE v, Di. 

PEBNIZrACBTAlIXDINE . 

BTHENYL-PHENYL-AMIDOXIM 

CH,.C(NHPh):NOH. EBienyUnilidoxim. [121®]. 
Formed by heating ethenyl-amidoxira with aniline 
(Nordmann, B. 17, 2752). Large yellow glisten- 
ing plates. 8oi. alcohol, ether, benzene, and 
hot water, nearly insol. cold water. 
colours it deep-violet to olive-green. 

EXHENYIrDl-PHENYL-DIAMINE v. Bi- 

PH»m.-ACBTAiniU|[E. 

BTONYL-PHENYLENE DIAMINE 
OANiuC,H.<’Jf>C.CH,. [170»] (H.); 
[176°] (L.). Formed by reducing acetyl-o-nitro- 
anilin«» or its bromo- derivative with zinc and 
glacial acetic acid (Hiibner, A. 209, 352 ; B, 8, 
« 471). Formed also by boiMngo-phenylene-diamine 
with glacial acetic acid (Ladenburg, B. 8, C^7), 
Needles or leaflets. — The hydrochloride, 
sulphate and nitrate form colourless needles. 
— B%C1, B'^jHaSO^ and B"nNO,.— 

B"APt01,a;aq. 

Ethsnyl-phenylene-diainine earboxylie acid 
p» MtHBirZIrni-AlfinO-BSNZOtO ACID. 


ETHENYL-PEOPYLENB DIAMINE * 

CjH,^jJ^^CMe. From di-acetyl-propylena* 

diamine by heating a current of dry HCl (Hof- 
mann, B. 21, 2332). — B'JIjPtCls: trimetric 
crystals, extremely sol. water.— B'HAuCl*: small 
needles. 

ETHENYL-TRI-SULPHONIC ACID v. 
Ethane-tri-sulphonio acid. 

ETHENYL-TOLYLENE-oDIAMINE 

CaH 3 Me<(^^^C.CHs. [199®]. Formed with 

elimination of AcOEt and HjO, by heating 
tolylene-o-diamino with aceto-acetic ether 
(Ladenburg a. Rugheimor, B. 12, 951 ; Witt, B. 
19, 2977). It gives a nitifc- derivative [202°]. 

ETHER C^H,oO i.c. Et^O. Di-ethyl oxide. 
Ethyl ether. Sulphuric ether. [-117®] (01s- 
zewsky, M.S, 128). Mol. w. 74. (34-6°) (Schiff, 
A. 220, 832). S.G. -7157 (Bruhl); ^-7201; 
-TOOO (Perkin, C. J. 45, 474). S. 8*3 at 17'5®. 

5. V. 106*4 (Ramsay); 106*24 (S.); 106*1 (P.). 

C.E. (0®-10®) *00152 (Dobriner, A. 243, 20). M.M. 
4*777 at 20® (P.). 1*3572 (B. ; cf. Oude- 

mans jun. E. T. C. 4, 269). R^o 35*53 (B.). 
H.F.p. 70,040 (Th.) ; 53,000 (Berthclot). H.P.v. 
67,430 (Th.). 

Critical temperature 194® (Ramsay a. Young, 
Pr. 40, 381 ; P. M. [5] 24, 190). 

Effect of dissolved substances on the vapour 
pressure of ether '. Raoult, C. B. 104, 976. 

Coefficient of Compressibility *000183 at 21*5® 
(Isambert, C.E. 105,375). 

Formation.— 1. From alcohol by treatment 
with HjSO, (Valerius Cordius, a.d. 1540; 
Frobenius; Valentin Rose, Schcr. J. 4, 253; 
SausBuro, .4. Ch. 89, 273; Dumas a. Boullay, 
A. Ch. [2] 36, 204). Formed also from alcohol 
by treatment with phosphoric acid (Boullay, 
A. Ch. 62, 192), with arsenie acid (Boullaj’, A . Ch. 
78, 28i), with BF, (Dosfosses, A. Ch. [2] 16, 
72), with ZnClj (Masson, A. 31, 63) or with 
SnCl^ (Kuhlmann, A. 33, 97, 192).— 2.' By the 
action of ethyl iodide (bromide, or chloride) on 
sodium (or potassium) ethylate (Williamson, 
C. J. 4, 106). -3. From EtI and dry Ag.D. — 4. By 
heating alcohol with EtBr or EtI at 200® 
(Reynoso, A. Oh. [3] 48, 385).— 5. By heating 
EtBr or EtI with water at 150®- 200® (R.). — 

6. By heating alcohol with IlCl, llBr, III, or 
chlorides of Mn, Co, Ni, Cd, Zn, Sif, Fe", Hg", 
Ca, Sr, &o. In the case of CaCl, a temperature 
of 300® is required (Berthclot, A. 83, 104). 
Uglj and SiF^ also etherify (R.).— 7, Alcohol is 
also etherified by heating with the sulphates of 
Mg, Zn, Cd, Fe", Co, Al, and with alums 
(Reynoso).— 8. By heating EtI with Na.O at 
180° (Greene, C. B. 86, 1141).— 9. By heating 
alcohol witj;i Et^SCl* (Erlenmeyer, A. 142, 873). 

Preparation . — A mixture of alcohol of 90p.o. 
(5 pts.) and cone. (9 pts.) is boiled, and 

alcohol (80 pts.) is allowed to run in continu- 
ously through a tube, dipping under the sur- 
face of the liquid at such a rate that the liquid 
boils constantly at 140° (Boullay, J. Ph. 1, 97). 
The distillate ^ieparatea into two layers, the 
upper consisting of ether containing alcohol at^ 
water in solution, the lower of water containing 
alcohol and ether in solution ; but towards the 
latter part of the distillation, when the sulphuric 
acid biwi become weaker, more alcohol paesei 
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over Qnolianged, and the separation of the ether 
no longer takes place. The ether is freed from 
Bulphurons and acetic acids by agitation with 
milk of lime, and is finally rectified. The yield 
is about 90p.o. of the theoretical. The amount 
of olefiant gas forinod during the process may 
be very greatly diminished by keeping the mix- 
ture at 180° instead of 140° (Soubeiran, J. Ph. 
[3] 16, 821). Ether may be freed from traces of 
alcohol and water by fused calcium chloride ; or 
it may be shaken several times with Vater, and 
finally dried over quicklime. 

Properties. — Colourless, very mobile liquid, 
with characteristic odour and burning taste. 
Very inflammable, bhrning with a luminous 
flame; its vapour forms an explosive mixture 
with air. When inhaled it produces insensi- 
bility. 36 pts. of other dissolve 1 pt. of water. 
It mixes with alcohol, CS^, chloroform, acetone, 
and many essential oils; in the latter case 
presence of water or alcohol is indicated by 
turbidity (Blanchet, A. 7, 157). Wot ether gives 
turbidity with CSj. It dissolves iodine and 
bromine and small quantities of sulphur and 
phosphorus. It also dissolves AuClj, Fe^Cl^, 
HgCl,, Hg(NO,)j, fats, resins, and many other 
organic bodies. Strong aqueous HCl dissolves 
ether with evolution of heat, apparently forming 
an unstable compound. By rapidly evaporating 
wet ether Tanret (C. B. 86, 765) obtained a oryo- 
hydrate OiHioO 2aq [--3’6°]. 

Reactioyis.—l. The vapour of other passed 
through a red-hot tube produces CjH^, water, 
CO, and aldehyde.— 2. When a mixture of ether- 
vapour and air comes in contact with platinum 
black, heated platinum-sponge, or other bodies 
heated not quite to redness, it undergoes slow 
and imperfect combustion, emitting a pale light, 
and forming aldehyde, acetic, and formic acids, 
COj, water, &c. Oxidised by a red-hot platinum 
spiral it gives formic acid, acetic acid, aldehyde, 
acetal,*formic aldehyde and trimetric prisms of 
CijHjjO,, [61°]. These prisms are soluble in 
water, alcohol, ether, or chloroform, and are de- 
composed by alkalis into formic aldehyde and 
formic acid. The compound liberates I from KI 
solution , and reduces PbOj, and appears, therefore, 
to be a derivative of H^O* (Legler, A. 217, 381). — 
3. Dry ozonised oxygen acts violently, forming 
acetic acid, oxalic acid, and a liUle formic 
acid (A. W. Wright, Aw. S. [3] 7, 184). Accord- 
ing to Berthelot (Bl. [2] 36, 72) syrupy EtjO, is 
formed in this reaction. — 4. Sulphuric acid at 
120° forms ethyl-sulphuric acid EtHS 04 . When 
ether is boiled with sulphuric acid the tempera- 
ture rises from 130° to 180° ; SO 2 and EtjSO^ 


pass over while isethionic acid, ethionio acid, 
cSso., remain in the retort.— 6. Th§ product of 
the action of SO, separates into an aqueous and 
a brown ethereal layer. The former contains 
ethionio acid, which, on boiling, changes to 
isethionic acid. The latter consists of di-ethyl 
sulphate (84 p.o.), ethyl ethionate (12 p.o.), and 
ethyl methionate OHjfSOjEt) , (4 p.o.) (R. Hfibner, 
A. 228, 207), The reaction* fiiay perhaps be 
represented as follows:— 

Et20 + SO,-SO,(OEt),; 

SO,(OBt),+8SO,- 

HO.SO,.O.OaH4.SO,.OH + SO,H.OH:OH.SO,H ; 
BO,(OEt), + Qgj ^ SP,H.OH:(fH.SO.a ; 

IToZi. 11. a^ ). 


m 

SO,H.OH:OH.SO,H + H 20 

- S0,H.CH,.CH30.S0,H ; 

S0,H.CH2.CH20.S0,H -f. 2SO, 

= CR,(S 0 ,H )2 -i- 2 SO 3 -h CO, -h H 2 O. 
6 . Hot nitric acid forms CO,, acetic acid, and 
oxalic acid. GrO, also oxidises it to acetic 
acid.— 7. HCl gas forms ethyl chloride.— 8 . Dry 
chlorine forma di-, tetra-, and deca-, ohloro-di- 
ethyl oxides, aldehyde, chloral, EtCl, <feo. In 
presence of water acetic acid and other products 
of oxidation are formed. — 9. A solution of 
bromine in ether becomes colourless after a few 
days, EtBr, bromal, and other products being 
formed. According to Schiitzenberger (C. B. 
75, 1511) a mixture of bromine and ether 
deposits in a freezing mixture crystals of 
(Et. 20 ) 2 Brfl [c. 22°]. Iodine acts but slightly op 
ether.— 10. Sodium does not act on pure ether. — 
11. Heated soda-lime forms NajCO.,, hydrogen, 
and CH 4 .-^ 12 . Red-hot zinc-dust forms C 2 H 4 , 
water, and hydrogen (Jahn, M. 1, 676). 

Combinations. — Et.OSnCl^: volatile plates, 
sol. other, decomposed by water (Kuhlmann, A. 
33, 106, 192 ; Lewy, J. pr. 36, 146).— SnBr^EtaO.— 
Et^OSbCl,: [69°] ; crystalline hygroscopic powder, 
sol. alcohol and ether, decomposed by water and 
by fusion (Williams, B. 9, 1136). — SbBr,Et,0. — 
SbBr 32 Et ,0 (Nickl^s, C. B. 62, 396).— 
BiBrjEt ,0 2aq: deliquescent prisms.— EtaOAsBr,. 
— Et^OTiCl^. [42°-46°]. (119°). Decomposed by 
water (Bodson, C. J. 29, 309).— (Et20),(TiCl.)j 

S 3.).— (Et 20 ) 2 (PCl,),. White plates, formed by 
issolvmg PClj in dry ether. Violently decom- 
posed by water, giving ethyl-phosphoric acid, but 
no ether (Liebermann a. Landshoff, B. 13, 690). — 
BeCl 22 Et 20 (Atterberg, B. 9, 866 ).— HgBrjSEtaO 
(NickUs, C. B. 62, 869). - AyBr, 2 Et 20 . — 
TlCl,EtjOHCl aq.— TlBrjl^taO (NickUs, C. B. 
68, 637). — VdOCljEtaO. [below 20 °]. Lustrous 
green crystals (Bedson, C. J. 29, 309). 

Hydroiodide (Et 20 ) 2 HI. An oil formed by 
direct combination of ether and HI (Messinger 
a. Engels, B. 21, 327). Insol. ether. Decom- 
posed by KOH into ether antf KI, and by water 
into ether, HI, and Etl. 

Hydrobromide (Et 20 ) 2 HBr. Oil. Simi- 
lar to the hydroiodide. 

Refer cnees. — Ameoo-, Bkomo-, and Chlobo-, 

ni-ETHYL OXIDE. 

ETHERIFICATION. The formation of ethers. 
In the most general sense etherification means 
the displacement by an alkyl ’’of hydrogen at- 
tached to oxygen (or to a halogen in the case of 
HCl, HBr, and HI). In the narrowest sense it 
is applied to the making of common ether. The 
reactions underlying the coj^inuous manufac- 
ture of ether may be taken a^pioalof all casea 
of etherification. Alcohol was at one time re- 
garded as the hydrate of ether, so that in the 
manufacture of ether the sulphuric acid merely 
abstracted a molecule of water from each mole- 
cule of ether. It was pointed out by Mitschei* 
lioh that ether and wator distil over in equivalenk, 
proportions (4 pts. of ether to I pt. of water), bo 
that the sulphuric acid must be supposed first 
to take the water from the alcohol and then to 
give it up again. Mitscherlich and Berzelnui 
therefore said that the sulphuric acid acted 
* catalytically.’ Liebig (A. 28, 89 ; 80, 189) then 
pointed out that on mixing alodhbl and subhnrio 
acid hj^en ethyl sulphate is formed, but 



ETHERIFIOATION. 


i6d 


on distilling the mixture the quantity of 
hydrogen ethyl sulphate constantly diminishes 
18 the ether passes over, and he concluded 
that the hydrogen ethyl sulphate must take part 
in the formation of ether. He assumed the first 
reaction to consist in the formation of hydrogen" 
ethyl sulphate from alcobbl and sulphuric acid, 
and that at 120*^-140° that body was split up 
into ettier, hydrogen sulphate, and SOj, the SO, 
then uniting with the water formed in the first 
reaction, "^en, however, hydrogen ethyl sul- 
phate is heated alone it gives alcohol and not 
ether, although, when heated with alcohol, it 
does give ether. Williamson (G. J. 4, 106, 
229; A. 77, 37; 81, 73; A. Ck [3] 40, 98), 
while adopting the first of Liebig’s equations, 
showed that the second reaction consisted in 
the decomposition of hydrogen ethyl sulphate 
by alcohol. At the same time, Williamson 
doubled the formula then ascribed^io ether for 
several reasons : 

(1) To bring it in accordance with Avogadro’s 

Law. 

(2) The difference between the boiling-points 
of alcohol and of ether (44'^) is exactly that 
usually found between an acid and its ethyl 
salt. 

(3) By the same methods used in preparing 
ordinary ether it is possible to prepare mixed 
ethers, such as methyl ethyl oxide MeOEt, and 
the boiling-points of these ethers are intermediate 
between fiiose of the two corresponding simple 
ethers. 

(4) There are other reasons for doubling the 
atomic weight of oxygen. 

The two equations proposed by Williamson, 
and now universally adopted, are 

S EtOH -f HjSO, » EtHSO^ -»■ H,0 
EtHS04 + Eton = Et,0 + H^SO,. 
at ether is alcohol in which an atom of hy- 
drogen has been displaced by ethyl would appear 
probable from its formation according to the 
equations , 

EtOH + K = EtOK + H 
EtOK + EtI « EtOEt + KI (Williamson). 
The etherification of an acid by means of alcohol 
and H^SO. probably takes place for the most 
part according to such equations as 

EtOH -h IL8O4 = EtHSO, + H^O 
BtHSO, HbAc = EtOAc + H^SO,. 
Etherification by alcohol and HCl being repre- 
sented thus : 

EtOH -t- HCl -EtCl + H,0 
2EtCl + O^H^O^- Etj04H,04 + 2HC1. 
BTHEBS. Ethers may be simple, mixed, or 
compound. Simp^ ethers are oxides of mono- 
valent alkyls ; the oxides of divalent radicles, 
such as ethylene, are not usually classed as 
ethers. A mixed oxide of two monovalent 
alkyls, such as MeOEt, is called a mixed ether. 
A compound ether (or ester) is a hydrogen salt 
in which tibe typical hydrogen has been dis- 
placed by an alkyl, andnwy therefore be regarded 
as an alkyl salt of an acid. 

PropertieB of simple and mixed ethers. 
The simple and mixed ethers in general re- 
semble ordinary ether in their properties. They 
are insol water, and are not decomposed by 
ftttitvinnift, alkalis, sodium, dilute acids, PfO,, or 
cold PCly Cone. HjBO, and SO, decompose 
^ens (c. Etbui). Kitric acid oxidises them to 


the acids corresponding to the alkyls. If one 
of the alkyls is benzyl, this becomes benzoic 
aldehyde (Errera, G. 17, 198). HI forms an 
alcohol and an alkyl iodide ; if one of the alkyls 
is methyl, the iodide is methyl iodide (Silva, 
O. H. 81, 828). Aluminium and iodine produce 
alkyl iodide, and aluminium iodoalkylate (Glad- 
stone a. Tribe, 0. J. 80, 867). Chlorine pro- 
duces products of substitution. 

Formation of compound ethers. When an 
alcohol is heated with an equivalent quantity of 
an acid, a reaction such as: 

EtOH + HOAo = EtOAo + H,0 
occurs ; but as soon as the products of the re- 
action are formed they begin to react in an 
inverse sense : 

EtOAo + H2O - EtOH + HOAo. 

Thus, these two reactions occurring simultane- 
ously an equilibrium is ultimately set up (Ber- 
thelot a. P6an de Saint-Gilles, G. B. 63, 474 ; 55, 
39, 210, 324 ; 85, 883 ; A. CJi. [3] 68, 225). 
When molecular mixtures of glacial acetic acid 
and alcohols are heated to 164° the percentage 
of acid etheritied at the end of the first hour is 
called by Mcnschutkin the initial velocity of 
etherification, while the percentage elherified at 
the end of 120 hours is called the final limit of 
etherification. 

The initial velocity is 66*6 for methyl alcohol, 
46*7 for ethyl, propyl, and n-butyl alcohols, 44*9 
for isobntyl alcohol, 36*1 for allyl alcohol, 88 0 
for benzyl alcohol, 26*6 for isopropyl alcohol, 
22*6 for sec-butyl alcohol, 10*6 for di-allyl car- 
binol, 1*4 for fcri-butyl alcohol, and 1*6 for 
phenol. It will be seen that the initial velocity 
is greatest for primary and least for tertiary 
alcohols, while unsaturated alcohols etherify 
more slowly than saturated alcohols. 

The final limit is 69*6 for methyl alcohol, 
about 66-8 for ethyl, propyl, butyl, and isobutyl 
alcohols, about 60 for allyl, benzyl, apd sec- 
butyl alcohols, 10 for di-allyl carbinol, and 8*6 
for phenol. The limit therefore follows in the 
main the same variation as the initial velocity, 
although in the case of primary and secondary 
alcohols the changes are less marked. 

When the rate of etherification of various 
acids by the same alcohol (isobutyl alcohol was 
used) is examined it is found that the limit is 
fairly constant at 67 to 74, while *the initial 
velocity varies from 44*4 for aoetic acid to 3*6 
for di-methyl-ethyl-acetio acid. Here also the 
normal compounds show greatest rapidity of 
etherification. Formic acid shows a greater 
initial velocity (61*7) and a lower limit (64) than 
any other organic acid (Mensohutkin, Bl, [2] 84, 
87). In the etheritication of alcohols by Ac.O 
the greatesttvriocity is shown by methyl alcohol, 
but in most oases the reaction is ultimately com- 
plete (Mensohutkin, C. H. 106, 1016 ; v. vol. i. 
p. 787). 

Preparation of oompoond ethers.— 1. Vola- 
tile ethers are prepared by distilling a mixture 
of the alcohol, the acid (or a salt of the acid), 
and H,S 04 .— 2 .*^on- volatile ethers are prepared 
by passing HOI into a solution of the add in 
alcohol.— 8. The ethers may be prepared by 
treating the silver salt of the aoid with ethyl 
iodi^, and this reaction may be resorted to when 
neither of the preceding is available.— 4. By dis- 
tilling the potaidom lalt of an add with |^ta«« 
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lium alkyl sulphate.— 6. By treating the alcohol 
with the chloride or anhydride of the acid.— 6. By 
the action of HOI or HjSO^ on a solution of the 
nitrile in an alcohol (Beckurts a. Otto, 0. G. 
1877, 6).— 7. According to Veiel (A. 148, 160) 
compound ethers are formed by the oxidation 
of fatty acids by MnO, and dilute sulphuric acid. 
Thus, butyric acid is said to give propyl buty- 
rate. 

Properties of compound ethers.— 7he com- 
pound ethers are almost all insol. water, but are 
partially saponified by heating therewith ; they 
are saponified by heating with alkalis or alkaline 
earths, and by HCl or«dilute Ammonia 

splits up compound ethers derived from organic 
acids into the amide and an alcohol. When a 
compound ether is heated with an alcohol an in- 
terchange of alkyls may take place ; thus, ethyl 
acetate and amyl alcohol yield amyl acetate, 
ethyl amyl oxide, and water (Friedel a. Crafts, 
A. 130, 198; 131, 66). Compound ethers are 
split up by heating with dry HBr at 100°, form- 
ing alkyl bromide and free acid (Gal, G. R. 60, 
1049). Aluminium and iodine react upon com- 
pound ethers of the fatty series, forming an alkyl 
iodide and aluminium salt (Gladstone a. Tribe, 
C. J. 80, 357). Compound ethers unite with 
titanium chloride, forming such compounds as 
ritOAc(TiClJa, EtOAoTiCl 4 , and (EtOAo) 2 TiOl 4 
(Demar(?ay, Bl [2] 20, 127 ; C. B. 76, 1414). 

Acid ethers. When in polyhydrio acids a 
part only of the typical hydrogen has been dis- 
placed by alkyls the resulting acid ether is 
usually very soluble in water, and readily saponi- 
fied by boiling therewith. 

References*— The particular characters of 
each group of compound ethers may be gathered 
by reference to the articles on the ethyl salts of 
the acids, e.g. Ethyl bromide. Ethyl chloride, 
Ethyl perchlorate. Ethyl iodide. Ethyl ni- 
trate, Ethyl nitrite, Di-hthyl selknidb. Ethyl 
SILICATE, Ethyl sulphate, Di-ethyl sulphide. 
Ethyl sulphite. Ethyl thiosulphate, Ac. 

ETHIKE or ETHINENE v. Acetylene. 

ETHINE-DI-PHTHALYL v. Di-phthalyl- 
ethanb. 

ETHIONIC ACID C^H^SjO, i.e. 
SO,H.CHj.CH2.0.SO,H. 

Formation.— 1. By saturating anhydrous al- 
cohol or ether with SO 3 and diluting with water 
(Magnus, P. 27, 378 ; 47, 514 ; Marchand, P. 
32, 466).— 2. Its mono-chloride is formed along 
with ClSOj.OEt by action of CISC., OH upon 
ethylene; (a) Cl.SO^OH + C^H^-Cl.SOjOCjH,; 
and then follows (b) Cl.SO^.OH + ClSOjOEt 
= HCl 0 ,H,(S 02 . 0 H)( 0 .S 0 jC 1 ) (Claesson, J,pr. 
[2] 19 , 266). -8. From EtBO^ and SO, (Hubner, 
A. 223, 208).— 4. By the action of HjSO* on 
isethionio acid SOjH.CHj.CHaOH in the cold 
(Erlenmeyer a. Carl, N. Rep. Pharm. 23, 428). 

Properties.— Only known in solution, for on 
evaporation it splits up into HaS 04 and isethio- 
nio acid. 

Salt 8.— KyA"4 aq 1 cry stglKne.— Na,A" aq. 
-BaA^aq. S. 10 at 20°. 

CHa.O.SO, 

Anhydride I \ . [80°]. Oarhyl 

CHa.SO«0 

sulphate. Obtained by dfreot union of ethylene 
with SOa ; formed also by exposing alcohol to 
the tapoiir (4 SO| (Rejmault, i. Qh* 98} 


Magnus, P. 47, 609). Deliquescent crystal* j 
dissolves in water forming ethionio acid. 
Isethionio acid v. Isethionio acid. 
DIETHOXALIC ACID v. Oxy-hexoio acid. 

. ETHOXY- COMPOUNDS v. the ethyl ether* 

of OXY- COMPOUNDS. 

ETHOXY-OXALYL CHLOEIDE v. Chloro- 

OLYOXYLIO ETHER. 

ETHYL. The radicle CjHa or CH,. 0 H 2 . The 
ethyl derivatives of hydroxylio compounds are 
described under the compounds from which 
they are derived. 

Di-ethyl v. Butane. 

DI-ETHYL-ACETAL v. Acetal. 
DI-ETHYL-ACEtAMIDINE C,H,.N» i.e, 
CH,.C(NHEt):NEt. ( 0 . 167°). From ethyl- 
acetamide and PCI 5 the resulting oily base 
CgH,jClNj being subsequently warmed with solid 
KOH (Wall^ch a. Hoffmann, B. 8 , 313 ; A. 184, 
108). Syrup, miscible with water, alcohol and 
ether. Strongly alkaline. Precipitates most 
metallic salts and dissolves recently ppd. alu- 
mina. Boiling alkalis split it up into acetio 
acid and ethyl amine. 

ETHYL-ACETAMIDE v. Acetyl-l^rnrh- 

AMINE. 

ETHYL-ACETANILIDE t). Aceiyl-ETHYL- 

ANILTNE. 

ETHYL ACETATE v. vol. i. p. 14. 
DI-ETHYL-ACETIC ACID v. Hexoio acid. 
Ethyl-diacetic aoid v. ethyl aceto-acetate, 
vol. i. p. 17. 

ETHYL-ACETO-ACETIC ACID v, vol. i. 
p. 23. 

ETHYL-DIACETONAMINE v. vol. i. p. 28. 
ETHYL-ACETO-NITKANILIDE v. AcetyU 
Nitbo-ethtl-aniline. 

DI-ETHYL-ACETOPHENONE r. Phenyl 

AMYL KETONE. 

ETHYL-ACETO-PEOPIONIC ACID v. /3. 

ACETYL-M-isO-VALERIC ACID. 

ETHYL - ACETO - SUCCINIC ETHEB w, 
Acetyl-bthyl-succinio ether? 

ETHYL -DI- ACETYL. ACETIC ETHEB v. 
vol. i. p. 23. 

ETHYL-ACETYL-ACETONE v. Di methyl 

PROPYLENE diketone. 

DI-ETHYL-ACETYL-ACETONE v. Di-mbthyl 

AMYLB NE D IKET ONK. 

ETHYL-ACETYLENE v. Butinens. 
ETHYL-ACETYLENE-TETBA-CABBOXYLIO 
ACID V. Butane tetra-oarboxylio ether. 

ETHYL-JESCULETIC ACID v. Eth/yl derU 
vati ve of iB scuLETio acid. 

ETHYL ALCOHOL v. Alcohol. Derivative* 
are described as Bromo-ethyl alcohol, Chlobo* 

ETHYL ALCOHOL, &C. 

TEI-ETHYL-ALCAMINE v. Oxy-tei-ethyl- 

AMINB. 

ETHYL ALDEHYDE v. Aldehyde. 

ETHYL-ALLYL v. Amylenb. 

TETBA.ETHYL.ALJ.YL.ALCINE 0 . Tsm* 

BTHTL-OXT-PBOPTLBHB-DIAMINB. 

BTHYL-ALLYL-AMINE TO,HJ(0,H,)NH. 
(85°). Colourless ammoniaoal liquid. Miscible 
with water. Prepared by the action of ethyl 
io^de on allylamme. 

Salt*.— B'HOl: small deliqnesoent plates. 
— B'AOUPtOli; orange needle* [o. 1W°3.— 
yellow needles [220®], formed by 
boUing me preceding salt with water- 
bh2 
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— B'jELSO^; tables v. e. sol. water, insol. alcohol 
and ether. The acid oxalate forms sparingly 
soluble ooloorless plates (Binne, A. 168, 261 ; 
Liebermann a. Paal^ B. 16, 525). 

Di-ethyl-allyl-amine (OjjH,),(0,HJN. (111®).^ 
S. 6 at 18®. Colourless liquid. Its aqueous'' 
solution becomes turbid oh wanning. Prepared 
by the action of ethyl iodide on allyl-amine 
(Binne, A. 108, 265). 

Salts.— B'jHjClsPtOl. : large orange crystals 
ri29®J.-B'HClPtCla: yellow needles [189®], 
formed by boiling the preceding salt with water 
(Liebermann a. Paal, B. 16, 520).--B'HCl: very 
soluble crystals. 

E thy lo- bromide (C 2 EFj) 3 (C 3 Hj)NBr. Tri^ 
ethyl •allyl' ammonium bromide. From tri- 
ethylamine and allyl bromide (Reboul, G. B. 92, 
1464). Deliquescent crystals. Split up on dis- 
tillation into allyl bromide, ethyl bromide, tri- 
ethylamine, diethylamino, ethylene, S'-tri-bromo- 
ethane, and, probably, allylamine. From it may 
be prepared (C:^j),(CaH 5 )NCl and the platmo- 
ohloride {( 0 ,HJ,(CA)NCl 2 |PtCl„ both crystal- 
line. 

ETHYL- ALLYL. ANILINE C„H, 3 N Le. 
NPhEt{C 3 H 3 ). (c. 223°). From allyl-anilino 
and EtI (Schiff, A. Suppl. 3, 364). Thick oil.-- 
B'CjHjOi: spherical groups of small needles (from 
water). 

ETHYL-DI-ALLYL-CABBINOL u. Enninyl 

ALCOHOL. 

Di-ethyl-allyl-carbinol v. Octenyl alcohol. 

ETHYL-ALLYL-CYANAMIDE i.e. 

CN.NEt(0,Ha). [100®]. From ethyl-allyl-thio- 
urea, Pb(OH)j, and KOH (Hinterberger, A. 83, 
848). Needles (from ether). Insol. water, sol. 
alcohol and ether. Tastes bitter.— B' 2 (ngCl 2 ) 3 .— 
B'2H2PtCl.. 

ETHYL ALLYL OXIDE C^H^O i.e. 
CMyO.Ofi,, Ethyl-allyl ether. Mol. w. 86. 
(67°). S.G.'?P*7651 .M/s 1-3939. Boo -42-2. Criti- 
cal temperature 245® (Pawlewsky, B. 16, 2634), 
From allyl bromide and NaOEt, allylene being 
also formed (Briihl, A. 200, 178 ; cf. Berthelot a. 
De Luca, A. Ch. [3] 48, 292; Cahours a. Hof- 
mann, A, 102, 290). Formed also by treating 
ethyl di-bromo-tdlyl oxide C 2 nvO.CHBr.CH 2 Br 
with sodium amalpm (Markowuikoil, Z. 1865, 
554). Combines with chlorine and bromine, but 
is not reduced by sodium amalgam. ClOH forms 
a compound C,H.Cl(OH)(OEt) (184°). 

ETHYL-AI2yL-THI0.DEEA C^H.jNjS i.e. 
NHEt.CS.NHCjHj. From allyl thiocarbimide 
and ethylamine (Hinterberger, A. 83, 346; 
Weltzien, A. 94, 103), Syrup.-B' 2 H 2 PtCl,.— 
BHI. 

Di - ethyl - allyl - thio - urea CHHjgNjS i.e, 
NEtyCS-NHOjEj. C^6®]. Long prisms or nee- 
dles. V. sol. alcohol and benzene, si. sol. ligroin, 
insol. water. Formed by combination of allyl 
thiocarbimide and di-ethyl-amine (Gcbhardt, B. 
17,8038). 

ETHYL - AUYL . TOEA C,H.2N20 ^ i.e. 
KHEt.GO.NHG}Ht. From ethylamine and allyl 
oyanate. Prisms (Cahours a. Hofmann, A. 102, 
800 ). 

ETEYL-AKABIKS v* Benzoic aldehyde, 

AlOrONU DSBITATIVES OE. 

ETEYL-AMlDO-AOEnO ACID U. 

NHEtCHyCO^ Ethyl • glycoeoll Ethyl 
glycocim. [aboye 160®]. nepared by prolonged 


boiling of ohloro-aoetio acid with ethylamlni 
(Heintz, A. 129, 27 ; 132, 1). Indistinct deli- 
quescent lamines (from alcohol). Sweetish, al- 
most metallio taste. On mixing with an aqueous 
solution of oyanamido there are deposited long 
needles of ‘ ethyl - amido - aoeto - cyamidine ’ 

^ a homologue of creatinin ; 

S. 9 at 25® ; S. (alcohol) 1 at 26® (Duvillier, C. B. 
103, 211). 

Salts.— HA'HCl : [c.l80°] ; trimetrio prisms, 
V. sol. water and hot alcohol. - Il 2 A' 2 H 2 PtClrt 6aq : 
Large orange -red monoolinio prisms. — 
HA'lHgCLi),: small prisms (from water). — 
H.A jHgClj : syrup. — CuA'a 4aq : prisms, v. sol. 
water and alcohol, 'insol. ether. — Derivative : Di- 

CHLOBO-ETIIYL-AMIDO-ACETIC ETHER (^.V.). 

Di-ethyl- amido-acetio acid CgHuNOj i.e. 
NEt 2 .CH 2 .CO 2 H. Obtained by boiling diethyl- 
amine with chloro-acetio acid (Heintz, A. 140, 
217 ; Z. [2] 6, 162). Deliquescent rhombohedral 
crystals; v. sol. alcohol ; sublimes below 100®.— 
CuA'j 4aq : small blue prisms.— H2A'2ByPt01tt aq ; 
orange-red crystals. 

Ethyl ether NEt^.CHj.COjEt. (174° un- 
cor.). S.G. ’919. From silvcr-glycocoll and 
EtI (Kraut, A. 182, 172 ; 210, 317). Alkaline 
liquid.— B' 2 H. 2 lHCl„ : short monoclinio crystals. 
— B'jH,,Bi 2 lj : slender red needles. 

Ethylo'hydroxide. Anhydride. 

CgHi^NOj Le. NEt,<^^»>CO. * Triethyl gly- 

cocoll.* (210®). Prepared by heating NEt, with 
chloro-acetio ether, boiling the product with 
baryta water, and heating the resulting ethylo- 
chloride with silver oxide (Kraut, A. 182, 172). 
Formed also from NEt, and chloro-acetio acid 
(Hofmann, Pr. 11, 625; Bruhl, B. 8, 479; A. 
177, 201). Deliquescent crystalline mass ; partly 
decomposed by distillation giving off NEt,, 
Ethylo -chloride NE tjCl.C EL2-C0.2H. From 
NEt, and chloro-acetio acid. Not decomposed 
by boiling potash or baryta water. 

Salt 8.— (NE t,Cl.CH2.C02H)2PtCl, 2aq: mono- 
clinic pri8m9.-(NEt3Cl.CH2.C02H)AuCl,. 

Ethylo-iodide NEtjI.CH^.COgH : orange 
hair-like crystals. — (NEt,I.CH 2 .COaH),Bi 2 l,; 
orange tables. 

Ethylo-nitrate NEt,(N 03 ).JJB[ 2 >COjH ; 
needles, v. e. sol. water. 

Ethyl ether of the ethylo -chloride 
NEtgCl.CHj.COjEt. From triethylamine and 
chloro-acetio ether. Needles, v. e. sol. water and 
alcohol. (NEt,Cl.CH 2 .CO,Et) 2 PtCl, ; orange 
crystals. — (NEt,ai.OH 2 .C 02 Et)AuCl, ; [100®] ; 
needles. 

Ethyl ether iof the ethylo-iodide 
NEtjI.CHj-COjEt. From silver glycoeoll (3 mola.) 
and EtI (4 mols.) in the cold. 

ETHYL-o-AMIDO-ACETOFHENONE 
C,H 4 (NHEt).CO.CH,. Oil. Obtained by heating 
o-amido-aoetophenone with ethyl bromide 
B'jHjCljPtCl,: golden-yellow plates (Baeyer, B. 
17,970). e, 

ETHYL-AMIDO-AZO. OOXFODNDS Azo- 

compounds, 

ETHYL-AlOBO-BENZIirE «. Ethyl- 

ANXIilMB. 

ETHYL. AlflDO. BENZENE 8ULFE0N10 

AOIB NHEtO«H 4 .SOaH« Vxm •thylamlina 
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i&d H,SO* ftt 200° (Smyth, B, 7, 1241).— 
BaA^2aq. 

Bl-ethyl-amidO'benzene snlphonio acid 
NBt-.C«H 4 .S 03 H. From di-ethyl-aniline and 
EtjSO, (SJ.-^BaA',2aq. 

ET^L-o-AmDO-BENZOIO ACIB. Amids 

[2:l]0,H,(NHEt).C0NH2. [129°]. From o- 

amido-benzamide and EtI in alcohol at 100° 
(Finger, J. pr, [2] 87, 441). Crystalline mass, 
Bol. 'hot water. Gives rise to a nitrosamine 
C3H,(N(NO)Et).CONHo [110°]. 

Ethyl-w-amido-benzoic acid C^H^NOj i.e. 
[3:l]08H,(NHEt).G0.,H. [112°]. When potas- 
sium 7»-amido-benzoate is boiled with alcoholic 
EtI a mixture of ethyl- and di-ethyl-amido- 
benzoio acids is produced ; .these may be sepa- 
rated by crystallisation of their hydrochloride 
from hot dilute HCl (Griess, B. 5, 1038). Small 
prisms, si. sol. hot water, v. o. sol. alcohol and 
ether. Its solution is tasteless, but acid in re- 
action. It forms salts with mineral acids hut 
not with HOAc. It gives a nitrosamine 
CaH,{N(NO)Et).CO;jH which crystallises (from 
water) in yellowish-white long narrow plates, 
and forms a crystalline silver salt C^HoAgNjOj. 

Salts.— HA'HCl: small four- or six-sided 
plates; also (from dilute HCl) in needles; m. 
Bol. cold, V. sol. hot, water ; v. si. sol. cold 
HClAq.— BaA'j 2aq : indistinct plates (from 
alcohol). 

Di-ethyl-7>t-amido-benzoic acid CnHisNOji.c. 
[ 3 :l]C 3 H^(NEt.J.CO.^I. [90°]. Formed as above 
(G.). White prisma (containing 2aq) ; may be 
distilled.— HA'HCl aq : shining four-sided plates, 
V. sol. cold water and HClAq. 

Di-ethyl-n-amido-benzoic acid 
[4;l]C„H^(NhX).COjH. [188°]. From ^i-amido- 
bcnzoic acid, KOIJ, and alcoholic EtI. Also by 
saponifying its chloride which is obtained by 
treating di-ethyl-aniline with COCl.^ (Michler a. 
Gradmann, B. 9, 1912). Small plates (from 
alcoh0l).-H2A'2H,PtCl3.-AgA'. 

Ethyl ether EtA'. (315°). Formed, to- 
gether with the acid, by treating potassium p- 
amido-benzoate with EtI in the cold (Michael a. 
Wing, Am. 7, 198). Oil. 

Di-ethyl-di-amido-benzoic acid 0„H,aN.p, 
i.e. 0,H3(NEt2)(NHJ.C02H. From di-ethyl-m- 
araido-benzoio acid by nitration and reduction. 
Also from benzene-azo-di-cthyl-omido-benzoic 
acid by reduction (Griess, B. 10, 627). Grey 
needles or prisms (from alcohol). 

c DI-ETHYL-AMIDO-BENZOIC ALBEHYBE 
C,H,(NEt2)CHO[l:4]. [41°]. Needles. Sol. 

water, alcohol, ether, &o. Formed by the action 
of alkalis upon di-ethyl-amido-phenyl-tri-chloro- 
ethyl-alcohol CCl|.CH(OH). 03 H 4 .NEt 2 , the con- 
densation product of chloftil and diethylaniline 
(Boessneck, B. 19, 869). * 

BI - ETHYL - AMIBO - BENZOPHENONE 
0 ,H.C 0 . 03 H,NEt,. [78°]. Beneoyl-phenyl^di- 

ethyl-amine. From tetra-ethyl-di-amido-tri- 
phenyl-carbinol and cone. HCl at 180° (Doebner, 
A, 217, 266). Trimetrio crystals (from alcohol). 
Insol. water, al. sol. cold alcol><l, v. sol. hot alco- 
hol. Very feebly basic, dissolving in oono. HCl, 
but reppd. by water, 

Tatra-ethyl-dl-amido-benaopbenone 
CO( 03 H.NEt,)« [96°]. Formed, together with 
0,H,(NEg(OO.C,H.NEg, [170°], by saturating 
di-^jrUaniline with COCl„ adding half the 


original volume of di-ethyl-aniline and heating 
at 120° (Michler a. Gradmann, B.9, 1912), Small 
laminffi (from alcohol).— B''H 2 ptCl<. 

ETHYL-a-AMIBO-n BUTYRIO ACIB 
C«H, 3 N 02 t.e. CH 2 .CH 2 .CH(NHEt).C 02 H. From 
a-bromo-butyrio acid and ethylamine (Duvillier, 
A. Ch. [6] 20, 196; a B. 88, 426; 97, 1486). 
Crystalline leaflets, subliming above 110° without 
fusion ; v. sol. water, si. sol. cold alcohol. Mixed 
with cyanamide in aqueous solution, with addi- 
tion of a few drops of ammonia, there is formed 
in a month crystals of di-oyan-di-amide, while 
from the mother-liquor ethyl-a-araido-butyro- 

K NEt.C:NH 

I may be ob- 
CO .NH 

tained in tabular crystals, v. sol. water and 
alcohol. — HA'HCl : opaque, ill-defined, deliques- 
cent crystals. — H^A'^HjPtCl^, : orange-red crys- 
tals, v. sol. water and alcohol, si. sol. ether. — 
CuA' 22 aq : blue leaflets. 

Bi-ethyl-o-amido-butyric acid OsEpNOj i.e. 
CH3.CH2.CH(NEt,).C02H. [136°]. From a- 
bromo-butync acid (1 mol.) and NEt 2 H (1 mol.) 
(Duvillier, C. 2i. 100, 8G0). Deliquescent crys- 
talline solid, V. sol. water and alcohol, si. sol. 
ether. Blay be distilled with partial decomposi- 
tion. The cupric salt forms violet-red crystals 
and dissolves in water and alcohol, forming a 
violet solution. 

ETHYL- AMIBO -CHLORO- v. Chloro-kthyl- 

AMIDO-. 

ETHYL-o-AMIBO-CINNAMIC ACIB 

C„H,3N02i.c. C„H^(NEtH).CH:0H.CO2H. [125°]. 
From o-amido-cinnamio acid, KOH, EtI, and 
alcohol by boiling (Fischer a. Kuzel, A. 221, 
207 ; B. 16, 663 ; c/. Friedlander a. Weinberg, 
B. 15, 1423). Groups of small crystals (from 
light petroleum). SI. sol. water, sol. alcohol, 
ether, and CSo, forming a yellow solution with 
green fluorescence. 

Nitrosamine CjH 4 (NEtN 0 ).CH:CH.C 02 H, 
[150°]. Formed by the action of HjSO^ and 
KNOj on the above. Yellowish plates from dilute 
(25 p.c.) alcohol. Insol. light petroleum, v. sol. 
ether and chloroform. Insol. acids in the 
cold. Reduced by zinc and acetic acid to 
NH 2 .NEt.C,H^.CH:CH.C 02 H, which is oxidised 
by the air to ethyl-quinazole carboxylic acid 
(Fischer a. Tafel, A. 227, 332). 

Bi-ethyl-o-amido-cinnamie acid GjjH^NOj 
Ac. C,H,(NEt 2 ).CH:CH.CO,,H.* [124°]. From 
amido-cinnamio acid, KOH, alcohol, and EtI 
(Fischer a. Kuzel, A. 221, 269). Pale lemon- 
coloured plates (from alcohol). Its solutions in 
alcohol, ether, or CSj exhibit bluish-green fluor- 

0SCGnC6» 

ETHYL-AMIBO-CUMINIC ACID C.jH.jNO, 
i.e, 0,oH„(NHEt)02. From amido-cuminio acid 
and EtI at 105° (Lippmann a. Lange, B. 13, 
1662).-AgA'. 

ETHYL - AMIBO - ETHANE BTILPHONIC 
B411D NHEt.CH 2 CBj.SO,H. Ethyl • taurine, 
[147°]. From ethylamine anM /8-ohloro^thane 
Bulphonio acid at 160° (James, J,pr. p] 81, 414). 
Prisms (from water). 

Bi-ethyl-amido-ethane snlphonie aoid 
NEt,.CH,OHj.SO,H. [151°]. From diethylamina 
and 010 H,OH 2 SO,H (J.). Trimetrio tables (from 
' aloohoi). V. e. sol. water. 
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STEYL-AMIDO-ETXnrL ALCOHOL i;. Oxy- 

tBI-XTHYL-AlOMB. 

BTH:YL-a.AMIDO.HEXOIC ACID OgH„NO, 
U 0H,(CHj),CH(NHEt).C02H. S. 10*7 at 16® 
From a-bromo-hexoio acid and ethylamino (Du- 
nllier, C. B. UO, 822 ; A, Ch. [6] 29, 172). Pearly 
plat(?s (from alcohol). SI. boI. cold, m. boI. hot, 
alcohol, insol. ether. Its aqueous solution has a 
neutral reaction and bitter taste ; it gives with 
Fe,Clflan intense red colouration, and on boiling 
a reddish-brown pp. Gyanamide forms the 
.NEt.C:NH 

creatinin CHs.(OIIj),.OH< I , which 
\C0 .NH 

crystallises in long needles, m. sol. hot water, v. 
sol. alcohol (DuviUier, G. B. !»0, 1583). 

Salts. — The hydrochloride forms deli- 
quescent lamintE, v. sol. alcohol, insol. ether ; 
theaurochloride is a golden crystalline mass. 
(HA'HCl)Pt0l4 ; orange prisms.— CuA'j. S. 1 
in the cold. •* 

ETHYL. AMIDO-HYDROCAEBOSTYRIL v. 

OXT-KTHYL-AMinO-QDINOLINB DIHTDRIDE. 

ETHYL-o-AMIDO-HYDROCINNAMIC ACID 
t?. Ethyl-o-amido-phenyl-propionio Acn>. 

TETRA-ETHYL-DI-AMIDO-METHANE «. 

TkTRA-ETHYL-METHYLENB -DIAMINE . 

DI - ETHYL . (a) . AMIDO - NAPHTHALENE 
StlLPHONIC ACID NEt2.C,oH,.S03H. From di- 
ethyl-naphthylamine and (Smith, C. J. 

41, 184). Needles.-BaAV 

Dl-ETHYL-AMIDO-NAPHTHOIC ACID 
NEVCjjHj.COjH. Di-ethyl-(o)-naphthylamine 
dissolved in benzene is converted uy COCl. into 
a mixture of two isomeric chlorides of the formula 
NEtj.O,oH4.COCl [70®] and [225®] with the com- 
pound NEt2.C,oHj(CO.O,oHa.NEt,)2 [130®] (Smith, 
0. J. 41, 186). 

ETHYL-AMIDO-NAPHTHOQUINONE 

C,JHsOj(NHEt). [140^]. From naphthoquinone 
and ethylamine (Plimpton, C. J. 37, C39). Red 
needles; may be sublimed; v. sol. hot alcohol 
and benzene, v. si. sol. ligroin. 

TETRA-ETHYL-DI- AMIDO- DI- NAPHTHYL 
♦.«. NEVC,oH,.C,„H,.NEt,. [190®]. 
(Much above 3C0®). Foimed by heating di-ethyl- 
naphthylamino (20 g.) with H^SO, (20 g.) for eight 
hours at 190®-.210°. Crystallises in colourless 
tufts (from alcohol). Sol. HCl (giving a red solu- 
tion), strong HNOj (intense red colour). V. sol. 
hot ^oohol, m. sol. cold alcohol, si. sol. etlier, 
T. sol. benzene ai^ GHCI3. 

Salt.-B"2(HC1) (B. E. Smith, C.J. 41, 182). 
0-ETHYL.AMlDO.PHENOL 
C^,(NHBt)OH[l;2]. [168®]. Obtained by heat- 
ing its ether with fuming HCl for five hours at 
160® (F&rster, J.pr. [2] 21, 350). The product 
is mixed with NaOH, extracted with ether, the 
extract dried over CaClj, and the ether is thou 
boiled off. Trimetric plates. V. sol. alcohol, 
less sol. benzene, CS.^, chloroform and ether. 
Cannot be distilled undecomposed. 

Salts.— Unstable, decomposing partially 
when their solutions ar# evaporated, a resin 
being fonned.-B'«Cl. -(B'HCl)2ptCi,.-B'HBr. 

NUrosamine C„H4(OH)NEt(NO). [121°]. 
Formed by passing nitrous acid gas into a sola, 
tion of the hydrochloride at 0°. Grey plates. 
MeUber acid nor basic. 


of o-amido-phenetol with 84 grmi. 0! HtBr fof 
five hours at 60°. The pro^ot is mixed wift 
soda and extracted with ether. The base is 
dried over CaOlj and distilled (Fdrster, J. pr. [2J 
21, 846). Oil. Gradually turns brown. Mis- 
^cible with ether, OSj, chloroform, benzene, and 
methyl alcohol. Sol. ethyl alcohol. With 
bleaching powder its solution gives a brown 
colour. H2SO4 and KjOrjO, give a brown colour. 
II BO4 dissolves it, forming a reddish-violet solu- 
tion, the colour being destroyed by water. Ni- 
trous acid gas forms a nitro-nitrosamine 
C,H,(N02)(OEt)NEt(NO). 

Salts. — B'HBr: trimetrio plates.— B'HI : 
trimetrio plates.— B'HCl: trimetric plates. — 
(B'HCl)2PtCl4. V. sol. water. Thrown down by 
fuming HCl.— B'H,_XI ,0,. Prisms. 

Di-ethyl-o-amido -phenol 
C«H4(NEt2)(OH)[l:2]. (220®). Obtained from 

its ethyl ether by cone. HCl (Forster, J. pr. [2] 
21, 367). 

Properties.— Oil. Turns green in air, but 
when heated to its boiling-point suddenly loses 
this colour. When moist it decomposes on dis- 
tillation. It has a peppery taste, is volatile with 
steam, and is sol. other, benzene, chloroform, 
and alcohol. 

Beactions. — 1. With FejClg a deep brownish- 
red colour.— 2. H2SO4 and K^CrjO, a similar 
colour. — 3. Solution of bleaching powder gives a 
wino-red colour.— 4. Bromine water gives a 
yellow pp., changing quickly to ahtown resin. — 
5. Cone. HjjS 04 dissolves it, fonning a violet 
solution. 

Salts.— Crystallise very well. The base 
cannot expel NH, from its salts. Solutions of 
its salts decompose somewhat on evaporating. 
B'lIBr.~B'HCl.-(B'HCl)2PtCl4. 

Ethyl ether C,H4(NEt,2)OEt [1:2]. (228®) 
The ethyl ether of o-amido-phenol (2 pts.) and 
EtI (3 pts.) are heated together in alcoholic solu- 
tion for twelve hours at 130°; after evapqa-ation 
the residue is mixed with solution of soda, 
sliaken with ether, and the extract dried over 
CaClj and distilled (Forster). Oil. Miscible with 
alcohol, ether, benzene, CHCl, and CSo. Bleach- 
ing-powder solutions give a red colour. H^SO, 
and K.CrjOj a reddish-brown colour. Cone. 
HjS 04 forms a violet solution. 

Salts .-Glue-like masses. B'HBr. 

DI-ETHYL-AMIDO-DIPHENYL C„H„N i.e, 
Cj,HyC6H4NEt2. [below 100°]. From p-amido- 
diphcnyl and EtI, followed by Ag.,0 (Hofmann, 
Pr. 12, 389). Long white needles ; insol. water, 
m. sol. alcohol, v. sol. ether ; may be distilled. — 
B'2H2PtCl..-B'HBr.-B'HI. 

MethylO‘iodide CAAH.NEt^Mel. 
Forms crystalline (G^j.CjHiNEt^MeCi),^?!^!*. 

Tetra-ethfl-dl-amido-diphonyl 
NEt2.C6H4.O9H4.NEt2. Tetra-ethyl-hemidine, 

[86®]. Formed by heating di-cthyl-aniline with 
H2SO4 to about 200®, and by ethylation of benz- 
idine (Michler a. Pattiuson, B. 14, 2166). White 
needles. SoL alcohol and ether, insol. water. 
Gives a green colouration with FeXL or CrO,. 

TETRA - ETHH- DI - AMIDO - TRI - PHEN YL 
CARBINOL 02,H,.N20 U 
C6H6C(OH)(0,H4NEt2)^ Base of ‘BriWiant 
green.' From di-ethyl-aniiine, beuzotrichloride 
and ZnClf (Doobner, A. 217, 261). Also from 
di-ethyl-aiulme and benzole aldehyde andoxida* 
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of the pirodoot (Fischer, B. 14, 2521). Bed- 
dish amorphous solid ; si. sol. water, v. sol. alco- 
hol. Its solution in alcohol and in dilute acids 
is green ; in concentrated acids it forms a yel- 
lowish-brown solution. Heated with cone. HCl 
at 180® it forms di-ethyl-aniline and di-ethyl- 
amido-benzo-phenone : 0 gHsC( 0 H)( 04 H 4 NEt 2 )a 
«C,H,.C0.0^4NEt, + OeHjNEtj. 

Balts. — ODye a yellower shade than mala- 
chite green.— Golden crystals. 
Its solution in alcohol or water is emerald green. 

- ( 05 ,H„N,H 01 )a.ZnC 4 2aq.- BH.OA aq : 
golden prisms. 

* Zeuco-base CACH(OANEyo. [62°]. 

ETHYL- AMIDO- PHENYL- CHLOEO- ETHYL 
ALCOHOL V, Chlobo-bthyl-amido-phenyl-ethyl 
ALCOHOL. 

ETHYL-o-AMIDO-PHENYL-ETHANE 
OioH.sN i.e. CaH 4 .C«H 4 .NHEt. From amido- 
phenyl-ethane and EtBr (Bernthsen, A. 184, 
304). Laminre. — B'HBr: tables. — B'jHjPtClo. 

Deca-ethyl-pent- amido- penta- phenyl-ethane 
(Et^. 0 A) 30 .CH(CBH 4 .NEga. [158°]. Obtained 
by heating 20 pts. of chloral hydrate, 60 pts. of 
diethylaniline and 10 pts. of ZnCl, at 100° for 
five hours. On oxidation it gave a bluish-green 
dye-stuff (Boessneok, B. 19, 367). 

TETRA-ETHYL-DI-AMIDO-TEI- PHENYL 
METHANE 0 «H 30 H( 0 ,H 4 NEt,) 2 . [62°]. From 
the carbinol, zinc-dust, and HOI (Doebner, A. 
217, 203). From di-ethyl-aniline, benzoic alde- 
hyde and ZnClo. Colourless glassy needles. 
V. si. sol. water, v. sol. ether, alcohol, or benzene. 
B"H3Cl3PtCL3aq. ^ ^ v , 

Tetra - ethyl - tn -ppp - amido - tri - phenyl- 
methane (C.H 4 .NH 3 ).HC:(CA-NEy.^ Tetra- 
ethyl-para^ei^baniline, [118°]. Fine concentric 
needles. Formed by reduction of tetra-ethyl-p- 
di-amido-p-nitro-tri-phenyl-methane with zinc- 
dust and dilute HCl. On oxidation it gives a 
violet colouring-matter. The acetyl derivative 
on oxidation yields a green dye-stuff, which dis- 
solves in benzene with a strong fluorescence 
(Kaeswurm, B. 19, 747). . 

Tetra-ethyl-tri -ppo - amido - tri-phenyl-meth- 
ane O.H 4 (NHn).CH(CaH 4 NEt,)j. o- Amido -leueo- 
brilliant-green. [136°]. White needles (contain- 
ing CaHj)* Formed by reduction of the conden- 
sation product of diethylaniline and o-nitro- 
benzoio aidehyde, by means of zinc-dust and 
HCl (Fischer a. Schmidt, B. 17, 1894). 

Hexa- ethyl- tri • amido - tri - phenyl - methane 
CH(C.H.NEt,) 3 . Triclinic crystals ; 
o:b:c = 1*343:1:?; a- 86° 9'; ^-=102° 38'; 

‘v » 91° 82' (Haushofer, Z. K. 9, 5.33). 

TETRA -ETHT^ -DI -AMIDO - Dl ■ PHENYL- 
NITRO-PHENYL-METHANE v. Nitbo-tetra- 

ETHYL-DI-AlllDO-TBI-PHBNYL-%IETnANE. 

TETRA - ETHYL -DI - AMIDO - »I - PHENYL 
OXIDE 0(C,H4NEt,.),. [89°]. From 
S(C 4 H 4 NBta )2 and silver nitrate (Holzraann, B. 
21, 2061). Needles, ipsol. water, si. sol. cold 
alcohol and ether.— B"HJ’tCla. [c. 100°]. 
Yellow flocculent pp., si. sol. warm alcohol. 
Picrate B" 20 A(N 0 J 30 H., *[174°]. Yellow 
crystalline pp., lU. sol. hot alcohol. 

Tetra-ethyl-di-ainido-di-phenyl peroxide 
0,(0,H4.NEg,. [67°]. From the corresponding 
sulphide by treatment with ammoniacal A^NOg 
(Holzmann, B. 20, 1636). Needles or prisms. 
Decomposed by moist air. 


iri 


HEXA-BTHYL.TRI.AM1D0-DI.PHENYL- 
PHENYLENB DIKETONE C„H4,N,02 U. 
O.H 3 (NEt 3 )(CO.C,H 4 NEtj) 3 . [0.170°]. Fromtetra- 
etnyl-di-amido-benzophenone, di-ethyl-aniline, 
and COCl, at 120° (Miohler a. Gradmann, B, 9, 
,1912). Triclinic crystals (from alcohol). 

TETRA - ETHYL - 1)1 - AMIDO - DI-PHENYL- 
PROPANE [76°]. Prepared 

by heating acetone (10 pts.) with diethylaniline 
(60 pts.) and zinc chloride (30 pts.) in sealed 
tubes for 12 hours to 170° (Doebner a. Petsohow, 
A. 242, 334). Long needles. Insol. water, si. 
sol. cold, V. sol. hot, alcohol. Sol. ether, OSg, 
petroleum-ether, and benzene. 


Salts.— reddish yellow pp. ; v. floL 
hot water and alcohol. 

o-ETHYL-AMIDO - i8 - PHENYL - PROPIONIC 
ACID C 8 H 4 (NHEt).CH 2 .CHo.COgH. Ethyl- 
amido-hydrocinnamic acCd. From o-ethyl-araido- 
cinnamic agid and sodium amalgam in alkaline 
solution (Friedlander a. Weinberg, B. 16, 2104 ; 
Fischer a. Kuzel, B. 16, 1449 ; A. 221, 271). 
Dilute H,S 04 throws down the acid as white 
flocculent pp., excess of H 2 SO 4 dissolves it, and 
on warming its anhydride oxy-ethyl-quinoline 
dihydride (ethyl-hydrocarbostyril) separates as 
an oil. 

Niirosamine 

C 4 H 4 (NEtN 0 ).CH 2 .CH 2 .C 02 H. [78°]. Fonned 

by adding NaNO^ to a solution of the acid in 
H.^S 04 . Groups of colourless oblong plates (from 
dilute acetic acid). Decomposes at 160°. Sol. 
alcohol, ether, benzene, and alkalis.^ Gives 
Liebermann's reaction. On reduction with zinc- 
dust and acetic acid it gives 
OeH 4 (NEt.NH 2 ).CHj.cn 2 .CO.,H, which on eva- 
porating leaves its lactam, ethyl-quinazole di- 
hydride. 

TETRA-ETHYL-DI-AMIDO-DI.PHENYL-DI- 
STJLPHIDE S.,(C„H 4 NEt,) 2 . [80°]. From di- 

ethyl-aniline and S^Clj in ligroin (Holzmann, B. 
20, 1636; 21, 2056). Golden prisms; si. sol. 
ether, m. sol. alcohol and benzpe.^ Decomposed 
by water. Forms a crystalline picrate [176°J 
and platino-chloride. 

TRI - ETHYL - TRI - AMIDO - DI - PHENYL- 
TOLYL CARBINOL C .^HasNsO i.e. 
C,H,Me(NHEt).C(OH)(C 4 H 4 .N]^t),,. Tn.{7)- 

ethyl-rosaniline. From rosaniline (1 pt.), EtI 
(Ipt.), KOH (Ipt.), and alcohol (Hofmann, A. 
132, 103).— OjJI^.NjIHI : lustrous green crystals 
which form a violet solution in water. 

ETHYL-a-AMIDO-PROPIONIC ACID 
C.HmNO, i.e. CH3.CH(NHEt).C02H. S. 60 at 
25°. S. (alcohol) 2 at 25°. Formed by boiling . 
o-bromo-propionio acid with ethylamine (Du- 
villier, A. Ch. [6] 7, 427 ; C. B. 99, 1120 ; 100, 
916). Monoclinio crystals (contammg ^ aq) or 
nacreous plates (from alcohol) ; sol. water and 
alcohol. Its hydrochloride forms deliques- 
cent needles. It forms a crystalline platino- 
chloride and auroohloride. — CuA'j2aq: 
bhie prisms, sol, watef and alcohol. When its 
saturated solution is mixed vath a solution of 
oyanomide there is deposited in three months n 
crystalline homologue of creatinin 
vNEt.C:NH 

CHXh/ 1 ; s. 27 at 17° j B. (alcohol) 

\OO.NH 
6*6 at 16°. 
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BTRyL.A]tlB0.IS0PR0P7L ALCOHOL 

BTHtL*OZT'ISOPBOPYL-A&nNE. 

DI.£THTL^MIDO.PSOPTL£KE.OLTCOL v, 

Dl-HTHYIi-DI-OXY-PBOPYL-Aimrai. 

XTH7L.AMIDO.TOLUEKE v. Amido -TOLYL- 
BTHANB and Ethyl-toluidikb. 

Ethyl - tri - amido - toluene CeH,jN, t.e. 
0,HjMo(NHEt)(NH8)a [l:4i3:6]. Obtained by 
reducing di-nitro-p-tolyl-ethyl-nitramine with 
tin and HCl (Van Romburgh, It. T. C. 3, 412). 

a-ETHTL-AHIOO-ISOVALEEIC ACID 
C,H, 4 NOa i.e. (CH 3 )aOH.CH(NHEt).COaH. From 
bromodsovalerio acid and ethylamine (Duvillier, 

A. Ch. [6] 21, 439 ; 0. R. 88, 425). Groups of 
slender white needles ; sol. water and alcohol, 
insol. ether. Neutral to litmiA. Sublimes above 
110°. — HA'HCl: confusedly crystalline; v. sol. 
water and alcohol, insol. ether.— CuA'a^aq: 
crystalline violet mass forming an intense blue 
solution. — The platinochloride and auro- 
chloride arc exceedingly deliquescodt. 

ETHYLAMINE C^H^N i.e. NH,Et. Mol. w. 
45. (19°). S.G.s-6964. V.D. 1-57G7. H.F.p. 
17,610. H.F.V. 15,770 {Th.). 

Compressibility : Isambert, C. R. 105, 1173. 

Formation. — 1. By boiling cyanic or cyan- 
uric ether with potash (Wurtz, G. li. *28, 223, 
823; A. Ch. [3] 30, 443). ~2. Together with 
NH, by boiling ethyl-urea with potash (W.). — 
3. By the action of ammonia on the ethers of 
inorganic acids, e.g. : EtBr and EtI (Hofmann, 
C. J. 13, 831), EtCl (Groves, C. J. 13. 331), 
Et,PO«(De Clermont, A. Ch. [3] 44, 335), Et.SO, 
(Strecker, A. 76, 46), EtNOj (Juncadella, C. R. 
48, 882), KEtSO* (Erlenmeyer a. Carl, J. 1875, 
617), and EtjSO, Carius, A. 110, 209).—!. By 
heating chloride, bromide, or iodide of ammo- 
nium with alcohol or ether in sealed tubes (Ber- 
thelot, A. Ch. [3] 38, 63).— 5. Formed, together 
with and tri-ethyl-amine, by heating abso- 
lute fUcohol with ammoniacal ZnCL^ at 260°; 
the yield of mixed bases amounts to about 
46 p.c. of the alcohol used (Merz a. Gasiorowski, 

B. 17, 637). — 6. Fiom propionitrile, zinc, and 

daute (Mendius, A. 121, 142).~7. By 

the dry distillation of alanine (Limpricht a. 
Sohwanert, A. 101, 297). Occurs also among 
the products of the dry distillation of beet root 
molasses (Duvillier a. Buisine, A. Ch. [5] 23, 
317).— 8. Occurs among the products of the 
putrefaction of yeast and flour (Hesse, J.pr. 71, 
471 ; Sullivan, €7.^858, 231). — 9. With di- and 
tri-ethyl-amine by heating white precipitate 
NB^gGl with EtI (Sonnenschein, A. 101, 20). 
10. By heating acetamide with alcoholic so- 
dium-etbylate at 170°-200° (Seifert, B. 1 8, 

By the action of alkalis on ])ro- 
pionic bromo-amide, or of bromine and KOI! on 
propionamide ; yield 80 p.c. of theoretical (Hof- 
mann, B. 16, 763).— 12. By reduction of a cold 
solution of aidehyde-phenyl-hydrazide in 5 pts. 
of alcohol by means of sodium-amalgam (2 p.c.) 
and acetic acid ; yield 46 p.c. of the theoretical. 

B'^djBOl^: hexagodhl prisms (Tafel, 

19, 19^. 

Prsparafton.— 1. Cyanic ether is boiled with 
aqueous KOH, the escaping gas is absorbed by 
HCL^, and the ethylamine hydrochloride dried, 
mixed with quick-lime, and distilled (Wurtz). 
The potassium cyanate from which the cyanic 
ether is prepared (by distillation with EEtSOj is 


usually sufficiently impure to give off KHj, which 
then produces all three ethylamines, so that the 
product is seldom quite pure.— 2. Ethyl nitrate 
is heated with alcohoUo ammonia. NH^Ol is 
hardly soluble in alcohol, and the ethyl-amines 
are separated by crystallisation of their piorates 
(Carey Lea, 0. N. 6, 118). — 8. A mixture of pro- 
pionamide (1 mol.) and bromine (1 mol.) is 
treated in the cold with a 6 p.c. solution of KOH, 
and the solution run slowly into a 80 p.c. solu- 
tion of (3 tnols. of) KOH at 60°-70° as described 
under methylamine ; the yield is 80-90 p.c. (Hof- 
mann, B. 16, 767). — 4. EtBr is heated with 
cono. NHjAq in sealed tubes at 100° (Hof- 
mann, C. J. 3, 300). — 5* EtI is heated with 
aqueous NH^ at 100°. The product is distilled 
with KOH. The mixture of the three ethyl- 
amines is dried over KOH and mixed with oxalic 
ether. Ethylamine forms diethyl-oxamide 
NHEt.CO.CO.NHEt, di-ethyl-amine forms di- 
ethyl-oxamio ether NEtj.CO.CO.COjEt, whilst 
the tri-ethyl-amine has no action, and is removed 
by distillation. The liquid di-othyl-oxamio ether 
is then separated by filtration from the crystal- 
line di-ethyl-oxamide. On distilling the di-etliyl- 
oxamide with potash ethylamine passes ovf-r. 
EtCl obtained as a by-product in the manufacture 
of chloral may be used instead of EtI in the above 
preparation (Hofmann, B. 3, 109, 776). When 
EtCl is heated in equimolecular proportions with 
cone. NHjAq at 90° a floating layer of tri-ethyl- 
amine containing free NHj is formed, while 
ethylamine and diethylamine remain dissolved 
as salts, and constitute the cliicf product. The 
same mixture of EtCl and NH^Aq when heated 
at 150° forms NH^Cl, ethylamine hydrochloride, 
and NEt,Cl as chief products, only traces of 
NHEt. and of NEtj (free) being formed (Malbot, 
A. Ch. [6] 13, 477 ; C. R. 105, 755).-6. A good 
modification of the preceding method, proposed 
by Groves {C, J. 13, 331), consists in heating 
ethyl chloride (1 mol,) with a solution of am- 
monia (1 mol.) in alcohol. After removing the 
insoluble ammonium chloride the alcohol is dis- 
tilled off, and the hydrochlorides arc decomposed 
by soda. The bases are received in water, sul- 
phuric acid added, and the solution of the sul- 
phates evaporated to a syrup. This is poured 
into absolute alcohol, in which ammonium sul- 
phate is insoluble (c/. Wanklyn a. Chapman, Pr. 
15, 218). The sulphates are again decomposed, 
and the bases received in water, and to the solu- 
tion ethyl oxalate is added, in a quantity oalou- 
lated on the supposition that the alkalinity is 
due to mono-ethyl-amine. The separated diethyl- 
oxamide is filtered off and the syrupy mother 
liquor is boiled for 12 hours with 10 times its 
volume of water, so a^o form acid diethylamine 
oxalate and di*ethyl-oxamic acid. On concentra- 
tion the former salt separates out in long needles, 
and on decomposition yields pure diethylamine. 
The molten liquor is decomposed with soda, the 
separated bases received in alcohol and again 
treated with ethyl oxalate, and the mixture dis- 
tilled to remove tbq triethyl-amme and alcohol, 
and to the residue milk of lime is added to pre- 
cipitate calcium mono- and di- ethyl-oxamate, 
which on decomposition yield diethylamine 
(Duvillier a. Buisine, A. Ch. [6] 28, 340 ; C. li, 
88, 31). 

Properties . — Colourless inflamnmble liquid; 
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does not solidify at — 140'^. Possesses a pungent 
ammoniaoal odour, a strong alkaline reaction, 
and burning taste, inflaming the tongu^ It forma 
dense white fumes witb HGl. It mixes with 
water, considerable rise of temperature taking 
place, but it is completely expelled again by 
boiling. Solid KOH separates it from its aqueous 
solution. It expels NH, from ammonium salts. 
An aqueous solution of ethylamine resembles one 
of NHg in behaviour towards many metallio 
salts; it differs in dissolving the ppd. oxides of 
aluminium, gold, and ruthenium, and in not dis- 
solving the pps. which it gives with salts of Od, 
Ni, and Co. It dissolves ppd. cupric hydroxide 
less readily than NHs does. With SnCl^ it gives 
a pp. very soluble in excess. ,Phosphomolybdic 
acid gives a yellow pp. more’ soluble than the 
corresponding pp. obtained with ammonia. An 
alcoholic solution of chloro-tri-nitro-benzene 
(picryl chloride) gives the characteristic ethyl- 
picramido CflH,(NOJ,,(NJ110t) with even small 
quantities of ethylamine (Van Romburgh,2J. T. C. 
2, 107). A concentrated aqueous solution of 
ethylamine that has been dehydrated as far as 
possible by KOII yields on distillation dry ethyl- 
amine gas, followed very soon by a liquid boiling 
below 75°, which is probably a hydrate of 
ethylamine fWallach, B. 7, 320). From an ex- 
amination 01 the compressibility of a solution of 
ethylamine in water, Isambert also concludes 
that chemical combination does take place be- 
tween the water and the base (Isambert, 0. B, 
106, 1173). 

Rciictions. — 1. On passing through a red-}u>t 
tube there is formed NH,, hydrogen, HCy, CH^, 
0^2. CnH^, and carbon (Muller, BL [2] 

45, 438). — 2. Nitrous acid produces nitrogen and 
alcohol (or nitrous ether). — 3. Chromic acid mix^ 
ture oxidises it to aldehyde, acetic acid, water, 
and nitrogen (Wanklyn a. Chapman, 0. J, 20, 
328). — 4. Cyanic acid forms ethyl-urea.— 6. Cy- 
anic ether gives di-ethyl-urea. — (>. o-Oxy-benzoic 
aldehyde forms syrupy Ci,H,,NO (237°), sol. water 
(Dennstedt a. Zimraermann, B. 21, 1653). — 
7. Dry ethylamine hydrochloride is converted by 
COClj into NHEt.COCl at 260° (Gattermann a. 
Schmidt, B. 20, 118). — 8. Allyl thiocarbirmde 
(oil of mustard) gives ethyl-allyl-thio-urea (Hiii- 
terberger, A. 83, 346). — 9. Gaseous cyanogen 
chlcn'ide fo^ms cthyl-cyanamide, which is con- 
verted by boiling water into the isomeric iso-tri- 
ethyl-molamine (Hofmann, B. 2, 602 ; Clocz a. 
Canniz/aro, A. 78, 228). — 10. Bleaching -powder 
gives ethyl-di-chloro-amine (Toherniak, B, 9, 
143).— 11. Di - chloro - naphthoqui7ione forms 
NHEt.CjoH^ClOj [1 10°]. —12. Benzoic aldehyde in 
aqueous or alcoholic solution forms bonzylidene- 
ethyl-amino PhCHrNEt (196^), an oil which is 
reduced by sodium-amalgam to berizyl-ethyl- 
amine PhOH^NHEt (Zaunschirm, A. 246, 279). 
13. SO, forms ethyl sulphamio acid NHEt.SOjH. 

Salts. — The sulphate, chloride, tar- 
trate, and other salts differ from the corre- 
sponding ammonium salts in being very much 
more soluble in alcohol.— •B'HO]3I6‘’*-80°]. Mol. 
w. 81k Boo 86-11 in an 11 p.o. aqueous solu- 
tion (Kanonnikofl). Large deliquescent laminae 
(from alcohol) or striated prisms (from water). 
On distillation it gives ethyl-amine, di-ethyl- 
amine, BtOl, OjH., and NH, (Fileti a. Picoini, 
B. 12, 1608).— B^HaPtCl,? orange hexagonal 


rhombohedra. S.G. 2-253 (Clarke, Am. % 
176). Not decomposed by boiling water (D« 
Ooninck, Bl. [2] 46, 131).— B'HAuCl, : very 
slender golden monoclinio prisms, sol. water, 
alcohol, and ether (Wurtz).— B',H,HgCl, ; small 
•white scales (from alcohol). deli- 
quescent trimetric crystals (Kohler, B. 12, 2211, 
2324; Topsoe, Z, K. 8, 246].— B'HHg.Cl,, : 
hexagonal rhombohedra.— B'HOlHgCya : large 
laminae, permanent in the air, decomposed at 
100° ; sol. water, si. sol. cold alcohol (Kohl a. 
Bwoboda, A. 83, 342).-B'2H2PdCl, : feathery 
tufts of large black crystals ; red by transmitted 
light (Reckenschuss, A. 83, 343; cf. Muller, 

A. 86, 866). — B'2l^uCl4: trimetric crystals. — 
B'HBr : crystalline.—B'jH^SO^* : deliquescent 
gummy mass, v. sol. alcohol.— B'HNO,* : very 
deliquescent thin laminas. — MgB'HP04 6aq: 
bulky pp. obtained by adding sodium phosphate 
to a solution of magnesium sulphate mixed with 
ethylamine or any of its salts ; becomes crystal- 
line on standing.— B'2H2 Mo 20, : white scales, be- 
coming brown on drying (Meyer, J. pr. 67, 161). 
— B'2H2S04Al2(S04)3 24aq : S. 15 at 25° ; regular 
octahedra (Stenner a. Kanmer, A. 91, 172). — 
B'H2G0,(?) : very unstable crystalline mass ob- 
tained from B'HCl and NaaCO,.— B'HOAc* : 
deliquescent crystalline mass. — B'HjS : crystals ; 
vapour-tension 48 at 13° (Isambert, C. R, 96, 
708).— B'HVO, (Bailey, C. J. 45, 692).- 
B'4(H20)2(V205)3 3aq.— B'„H20(V205)2: red prisms 
(Ditte, C. R. 104, 1844).-B'HOyS: deliquescent; 
not converted into ethyl-thio-urca at 150° (De 
Clermont, Bl [2] 27, 198).-B'H2C204 : trimetric 
lamintB (Loschmidt, Site. W. 51 [2J 7, 384 ; J, 1866, 
376).— B'2H2C204 : monoclinio crystals.— C a m- 
phorate ]3'2C,oH,404: small needles (Wal- 
lach a. Kamensky, A. 214, 242). — Muoate 
B'-^CgHioOg 8aq : oblique rhombic prisms (Bell, B. 
10, 1861).— Pimelate B'2C,H,204 (WaUach a. 
Kamensky, B. 14, 170). — Benzene sulphon- 
ate CuHjSOjHB' [92°] (Norton a. Westenhoff, 
Am. 10, 129). — jtj-Toluene sulphonate 
B'HS08.CJT4Me [111°] (Norton a. Otten, A»n. 10, 
140).— Combinations with salts.— B'HgCl,; 
crystalline pp. got by mixing alcoholic solutions 
of ethylamine and HgClj (Kohler, B. 12, 2208, 
2323).— B'aHgCl.JIg^O.^: pp. got by mixing the 
aqueous solutions. By boiling with excess of 
HgCl, there is formed an insoluble yellow salt 
NHEtHgClHgO, while crystalline NHEt.HgCl 
remains in solution. — B'^PtCl^? fawn-coloured 
powder.— B4PtGl ,2aq : colourless crystals, v. 
sol. water.— B',Pt804.—B'2(NHj)2Pt0l2 (Gordon, 

B. 3, 174).— B'C2H4PtCl2 (Martins a. Griess, A. 
120, 326). 

Formyl derivative NHEt.CHO. fl97°)* 
S.G. 21 *952. Mixes with water, alcohol, and 
ether. 

Acetyl derivative C4HgNO i.e. NHAcBt. 
(202°) S.G. — *942. Formed by the action of 
ethylamine on acetic ether; or of HOAo on 
cyapio ether (Wurtz, AT^Ch. [3] 80, 491 ; 0. B. 
87, 180). Colourless liquid. Formed also by 
dehydrating ethylamine acetate. PCI, oonverta 
it into C|H..C1N, whence solid KOH forms, on 
warming, Ui-ethyl-acetamidine C^HuN, (Wal- 
lachTloffmann, B. 8, 1667 ; A. 184, 108). 

Bi-acafvZ derivative 0,H,,NO. i.«, 
NEtAog. (186°-.192°), S.G. as Front 
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cyanic ether and Ao,0 at 190® (Wurtz, A, Oh, 
[8] 42, 43). Liquid. 

Valeryl derivative CMej,.CO.NHBt. 
[49®]. (204°). Crystals ; v. sol. water, alcohol, 
and ether ; has no smell. Pure HNO, attacks 
it slowly, giving off Nj,0 (Franchimont a. Klob- 
bie, R. T. 0. 6, 241). , 

Hep toy I derivative CaH„,CO.NHEt. [6°]. 
(268°). Formed by heating ethylamine hepto- 
ate to 230° (P. a. K.). Pure HNO, gives off 
NjO. 

Benzoyl derivative O^j.CO.NHEt: 
[67°] ; (200'^) ; glistening needles (from water) 
at plates (from dilute alcohol). From ethyl- 
amine and BzCl (Romburgh^iJ. T, G. 4, 390). 
Formed also by the action of ethyl-carbamio 
chloride 00(NHEt)Gl upon benzene in presence 
of AljCL (Gattermann a. Schmidt, B. 20, 120 ; 

A, 244, U), 

o-Amido-benzoyl derivative 
C,H,(NH,)CO.NHEt. [105°]. From isatoio 
acid and ethylamine (Finger, J. pr. [2] 37, 437). 
White colloid mass ; sol. alcohol and hot ligroin. 

HNO, converts it into C,H,<;^^>NEt. [70°]. 

Ethyl - chloro - amine NHEtCl. Acetyl- 
derivative NAcEtOl. Formed by passing 
chlorine into NAcEtH at —18° (Norton a. 
Tcherniak, C. R. 86, 1409). Liquid, v. sol. water, | 
alcohol, and ether ; decomposed by heat. Boil- 
ing soda-solution decomposes it into chloroform, j 
ethyl-di-chloro-amine, ethyl carbaiiiine and | 
NHjEt. 

Ethyl -bromo- amine. Acetyl deriva- 
tive, NAcEtBr. Prom acetyl-ethylamino by 
wanning with a solution of bromine in aqueous 

KBr (N.a. T.). 

Ethyl-di-ohloro-amine NCLEt. (89°). S.G. 

I 1*240; ^ 1*230. Obtained by chlorinating 
ethylamine at 0° (Wurtz, A. Ch. [3] 30, 474). 
Prepared also by distilling ethylamine hydro- 
chloride (100 g.) with bleaching-powder (260 g.) 
made into a thick gr^am with water (Tcherniak, 

B, 9, 146). Pungent yellow oil; not solid at 

—80°. Insol. acids. Decomposes spontaneously 
in damp air into NH,01, ethylamine hydro- 
chloride, chloroform, acetyl chloride, and aceto- 
nitrile. lieduced to NH^t by B^S. Alkalis 
give HOAo and NH,. Converts aniline into di- 
and tri-chloro-aniline, being itself reduced to 
NH,Et (Pierson a. Heumann, J5. 16, 1047). 
Reacts with dilated with ether with 

formation of ethylamine and tri-ethylamine 
(Kdhler, B, 12, 770, 1869). 

Sthyl-di-iodo-amine NI,Et. From ethyl- 
amine and iodine (Wurtz ; Baschig, A. 230, 221). 
Dark red pp. 

Biethylamine C^HuN i.e, NHEt,. Mol. w. 
73. (56°). S.G. « -726 ; w *716; a® *706 ; ^2 074 
(Oudemans, R. T, 0. 1, 66). S. V, 109 (Schiff ). 
HJ'.p. 29,320 (2**.), 81,100 (M.). H.F.v. 26,420 
Th,), H.0. 724,400 (gaseous) ; 716,900 (liquid) 
Mftller, Bl, [2] 44, 609). * 

Formation.— It By heating ethylamine with 
EtBr (Hofmann, T, 1860, 120; 0. J. 3, 800).— 
2. By heating ammonia with EtCl, EtBr, or 
Btl atdesoriW under ethylamine. — 8. Together 
with ethylamine by heating ethyl nitrate with 
ammonia (Carey Lea, J.pr. 86, 176).*— 4. Together 
with mono- and tri-ethyLamine by heating 


absolute alcohol with ammoniacal EnOl, at 960® 
(Merz a. Gasiorowski, B. 17, 687). 

Preparation. — 1. By treating its nitrosamine 
with cone. HClAq (Geuther, Jcmische Zeitschr, 
7, 118).— 2. By acting on di-nitro-di-ethyl- 
. aniline CaHj(NO«)j,NEt, with dilute KOH, the 
other moduot bemg CBH,(N^)aOK. The yield 
is good (Van Romburgh, R, T. 0, 2, 85).— 8. v, 
ExUVZiiLMINB. 

Prqperffss.— Volatile inflammable liquid with 
strong alkkline reaction ; v. sol. water. It differs 
from ethylamine in not redissolving the pp 
which it forms with zinc salts, in not ppg. a 
solution of PdCla, and in the fact that the pp. 
which it forms with HgClj is not soluble in 
acetic acid, whereas the pps. formed by ethyl- 
amine and by NH, are soluble in HOAo. 

Reactions. — 1. When passed through a red- 
hot tube it forms HCy, NHj,, carbon, CH^, hy- 
drogen, O2H2, benzene, and nitrogen, but no 
ethylene (Muller, Bl. [2] 45, 438).— 2. Iodine 
forms an oily substitution product. — 3. Potassium 
nitrite converts its hydrochloride into di-ethyl- 
nitrosamine NEtjNO. This is a neutral yellowish 
oil, (177°), S.G. *951, V.D. 3*36 (calc. 8*53) 
(Geuther a. Krentzliage, A. 127, 43). It is split 
up by alcoholic KOH at 140° into NH, and 
ethylamine.— 4. forms tri-etliyl-urea 

(Hofmann, C. R. 64, 252).— 5, Cyanogen chloride 
^rms liquid di-ethyl-cyanamide (190°) (Cloez 
a. Cannizzaro, A. 78, 228).— 6. SO, forma di- 
ethyl-sulphamic acid NEt..BO,H. 

Salts.— B'HCl [217°], (320°-330°), non- 
deliquescent plates (Wallach, B. 14, 748). V. e. 
sol. water, m. soL alcohol, v. sol. chloroform 
(Behrend, A. 222, 119).— B'gHoPfClB : orange 
monoclinic crystals (Topsoe, Z. K. 8, 246). — 
B'HAuCl^: trimetric crystals. — B'HHgOl, : tri- 
metric crystals. — B'HClfHgClg), : hexagonal 
rhombohedra. — B'jH2Cl2(HgCl2) j : dimorphous. 
— B'^H-^PtBr, : monoolinic.— B'H2S : cryst^line ; 
its vapour-pressure is 160 mm. at 10° (Isambcrt, 
C. B. 96, 708J.-B'HNO,. [100°]. Long needles 
or prisms (Franchimont, R. T. 0. 2, 338). — 
B'^CjO^ : long needles, m. sol. water (Duvillier 
a. Buisine, A. Ch. [5] 23, 342). Benzene sul- 
phonate B'HSO,.C„Hj : [139°] (Norton, 

Am. 10, 129). — p*Toluene sulpnonate 

B'HS03.0,H,Me:[88°](N.). , * 

Formyl derivative NEtjCHO (178°). 
S.G. 12 ‘908. From di-ethyl-oxamio acid by 
heating (Wallach, B. 14, 746). ' Liquid, miscible 
with water. — B'^HaPtCl,.— B'j(B[«PtCl,2aq. With 
PCI3 it forms a base C,Hi4N, (Wallach, A. 237, 
236). 

Acetyl derivative CjHuNO i.(j. NEt^Ao. 
(186°). S. G. *925 tWallach a. Kamensky, A. 
214, 235). 

Tri-chloro-acetyl derivative 
CCl,.CO.NEt2. [27°] (F. a. K). ; [90°] (C.). From 
NHEtj and CCl,.COCl (Franchimont a. Klobbie, 

R. T. C. 6, 236). From hexa-chloro-acetone and 
NHEtj (Cloez, A.fh. [6] 9, 146). 

Valeryl derUative CMe^-CONEtj. (203°). 

S. G.4ii*891 (F.a.K.). 

Heptoyl derivative CgHitCO.NEt,. [below 
-15°]. (268°). S.G.12 -881 (F. a. K.). 

Benzoyl derivative NEt.Bz. (282°). 
S.G. 44 1*019 ; oil ; Sol. dilate HCl but reppd 
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by water (flallmanfi, S. 9, 846; Eomburgh, 
B.!P.0.4,887). 

Triethylamine C„H,4N i.e. NEt,. Mol. w. 
101 (cf. Dewar a. Scott, Pn 85, 847). (90'^). S.G. 
^•7277 (Briihl, A, 200, 186). S.V. 163-86 (Schiff). 

1*406. Eqo 63-86. H.F.p. 42,080 (Thomsen); 
84,400 (Muller, Bl. [2] 44, 609). H.F.V. 38,020 
{Th), H,0. 1,047,100 (gaseous); 1,038,800 (liquid) 
(M.). Critical temperature, 267° (Pawlewsky, P. 
16, 2683).. 

Formation. — 1. By heating diethylamine with 
EtBr.--2. From cyanic ether and KOEt.— 3. By 
heating ammonia with EtI, EtBr, EtCl, or EtNO,; 
V. Exhylaminb (Hofmann, C. J. 3, 300 ; Carey 
Lea, C. N. 6, 142).--4. Together with ethylene 
and water by the destructive distillation of tetra- 
ethyl-ammonium hydroxide (Hofmann). — 6. To- 
gether with mono- and di-ethyl-amine, by heat- 
ing absolute alcohol with ammoniacal ZnGl, at 
200° (Merz a. Gasiorowski, B. 17, 637). 

Properties. — Strongly alkaline liquid, in- 
flammable, having an ammoniacal odour; si. 
Bol. water. Its aqueous solution forms with 
salts of Zn, Cd, Be, Zr, Ni, Co, Sn", Ag, Hg", 
Cu, Pb, Fe, and Mg, pps. insol. excess ; with 
salts of A1 and Sn'’' a pp. v. sol. excess ; 
with AuClg it gives a yellow pp. insol. excess, 
which soon blackens from reduction to AuCl, an 
odour of aldehyde being formed. 

Reactions. — 1. At a temperature of 1200° it 
gives HCy, ammonia, carbon, hydrogen, CH„ 
acetylene, and C.^4, but no benzene or N 
(Muller, Bl. [2] 45, 438).— 2. KMnO* oxi^ses it, 
giving COj and HOAo (Wallach a. Claisen, B. 
8, 1237). — 3. Its hydrochloride is not decom- 
posed by aqueous KNO, in the cold, but on boil- 
ing some NEt^.NO is formed (Geuther, Z. [2] 2, 
613).— 4. When heated with a-bromo-butyrio 
acid and water there is formed a-oxy-butyric 
acid and NEtgHBr. The same products appear 
to be formed when no water is present (Duvillier, 
Bl. [2!J 48, 8; cf. Briihl, B. 9, 34).— 6. SO, 

forms Et,N<^Q^*^ [02°] which crystallises in 

tables -, sol. alcohol, acetone, and hot water; si. 
sol. cold water and ether. It is decomposed by 
boiling water into acid triethylamine sulphate 
(Beilstein a. Wiegand, B. 16, 1267). — 6. Tri- 
ethylamine combines directly with the chlorides, 
bromides,* and iodides of primary alkyls, form- 
ing ammonium derivatives that aye not decom- 
posed by KOH, but are converted by moist Ag,0 
into non-volatile, caustic bases. When the alkyl 
is secondary or tertiary an olefine and a sall^ of 
wiethylamino are the chief products. Thus, 
isopropyl iodide at 100° forms NEtjHI and 
C,H„ while MoaOBr forms NfltjHBr and butylene 
(Beboul, C. B. 03, 69). . 

Salts. — B'HCl: white, non -deliquescent 
laminffi.— B'.;Fl2rtCl, : orango monoclinic crys- 
tals, V. sol. water.— B'HAuCl4; monoolmio crys- 
tals.— B'5H,HgCl4: hexagonal crystals (Topsoe). 
— B'HHgaCh ; monoclinio. — B'HHgjCl,, : hexa- 
gonal rhombohedra.-B',H2CuCg4: monoolinio.— 
B'HNO,. [99°J . Hygroscopio^rystals (Franchi- 
mont, B. T, 0. 2, 838).— B'H^PtBr, : monoolimo. 
— B'HBil4 : scarlet prisms (Kraut, A. 210, 817).— 
B'H.0»04: trimetrio plates (Losohmidt, J. 1866, 
875 ; 8itz. 51 [2] 7, 884). . „ 

Benzene sulphonate 


[12l°] (Norton, Am. 10, 129).— p-Toluono* 
sulphonate C,H4Me.SO,HB^ [66°] (N.). 

Tetra-ethyl-ammonium hydroxide ^t 40 H. 
Obtained by decomposing its iodide by moist 
AgaO or its sulphate by baryta. Very deliques- 
cent, hair-like needles. Absorbs CO, from the 
•air. Strongly alkaline, saponifying fats. Its 
solution rubbed between the Angers feels like 
caustic potash ; it strongly attacks the tongue, 
and when dilute has a bitter taste. With 
metallic solutions it behaves like potash, except 
that alumina is less soluble in it, and hydrated 
chromic oxide is quite insoluble. A very cori- 
centrated solution, as well as the dry base, is split 
up at 103° into NEt,, water, and C2H4. Its 
solution boiled foe 24 hours with EtI gives 
NEt4l and alcohol. 

Salta of Tetraethyl ammonium (Hof- 
mann, O. J. 4, 304 ; A. 78, 253).— NEt4Cl. The 
union of NEt, with EtCl takes place with difiS- 
culty in dikte alcoholic solutions (Malbot, A. Ch. 
[6] 13, 645).— (NEt4)2PtCl, : orange pp. ; si. sol. 
water, v. si. sol. alcohol and ether. — NEt4AuCl4: 
lemon-yellow pp. ; si. sol. cold water and 
HClAq. — (NEt4)2HgiClj2 : white crystalline pp. ; 
sol. water and boiling HClAq, from which it 
separates as unctuous plates (Hofmann). — 
(NEt4)2HgCl4 : dimetrio crystals (Topsoe, J. 
1883, 620).— NEt4HgCl, : triclinic.— NEt4HgjCl, : 
triclinic. — NEt4Hg3Cl, ; monoclinic. — 
NEt4Hg4Cl„ : hexagonal rhombohedra. — 
NEt4CljI : regular crystals deposited from a 
hot solution of NEt4Cl and IClin water (Tilden, 
G. J. 19, 146).— (NEt4),Bi2Cl9 : six-sided tables 
(JSrgensen, J. pr. [2] 3, 344).— (NEt4)2CuCl4 ; 
dimetrio crystals. — NEt4Br.— NEt4Br, [78°] ; 
light-red pp. or orange-red needles (from al- 
cohol); V. sol. alcohol and CSo. A solution of 
iodine in aqueous KI added to its alcoholic 
solution throws down NEtJ, (Clamor-Marquart, 
J. pr. [2] 1, 429).— NEt, Br,: crimson pp.; gives 
oil ?- of its Br in air.— (NEt,)sBi2Br, (Jorgensen). 
— NEtJ. The union of NEt, with EtI takes 
place slowly in the cold, but when it is started 
at 100° it goes on with gro*at vigour. Large 
crystals (from water) ; v. sol. cold water, sol. 
alcohol, insol. ether. Decomposed on distilla- 
tion into NEt, and EtI. Not acted on by 
KOHAq, but less soluble therein than in water. 
Decomposed by AgNO,, by Ag2S04, or by moist 
AgjO, yielding NEt, NO,, (NEt4).,S04, or NEt40H 
respectively. — NEt,!, : red needles (Weltzien, A, 
86,202; 91, 33).-NEt4l,: [30S'J ; dark-violet 
plates (Geuther, A. 240, 66).-T(NEt4l),5HgI, ; 
from NEtJ and HgI,.-(NEt4l),3HgI,: ycUow 
crystals formed by the action of EtI on N^Hg, 
or NHgjHjCl ; m. sol. alcohol, not decomposed 
by water (R. Muller, A. 108, 6 ; Sonnenschein, A. 
101, 20).-NEt4lHgl2 : from NEt4l, and Hg 
(Risse, A. 107, 224).-C,JI,^N4Hg,I„ : [160°]; 
fromNHj.HgCl and lEt: golden-yellow crystals, 
insol. alcohol, ether, and water.— (NEt4l)sBiaI(, 
(JSrgensen, J. pr. [2] 3, 339).— (NEtJjW^O,; 
deliquescent (Classes* J. pi"- 93, 446). — 
(NEt4)2MoA 8aq : deliqu|>scent (C.). — 

(NEt.L06SnOj aq : insoluble dimetrio octahedra. 
— (NEt4).,07Sn0, aq.-(NEt4),Cr04 : not crystal- 
HBed.-(NEt4)2Cr,0, : prisms (C.).-NEt4ABp, ; 
crystalline.— (NEtj4Sb.40, : deliquescent (C.).— 
Piorate [261°] (Lossen, A. 181, 876h-— 
(NEt4),FeOy,4aq; from Ag,FeOy, and NEt^ 
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(Bernheimer, B. 12, 409).~KEt4YO. (Bailey, 
0./. 46, 698). 

Tri.ethylamiiie metliylo-hydroiide 
KEttMe(OH). MethyUtri-ethyl-arnmoiiium hy- 
droakde, KEt,MeL FromNEt, 

and Mel (Hofmaim, A, 78, 277). V. e. sol. water, ^ 

ppd. from its solution by KOH.— NEtjMelj : 
pe®]; dark green platel.—NEt, Mel, : [42°]; 
brownish-Tiolet plates.— (NEt,MeCl),PtCl4 : di- 
metrio crystals. — NEt^MeAuCl, : dimetrio.— 
(NEt,M60l)2HgG4: dimetrio (Topsod, Z, K, 8, 
M6). — (NEt,Me01)46Hg01j : monoclinic. — 
NEtgMeCl(HgCU, ; monoolinio crystals. — 
(NEt,MeOi),OuOt— NEtgMel, (MiUler, A. 108, 
6),— Picrate [268°] (Lessen, A. 181, 374). 

Tri-etbylax^e iodo-metlfyl-bydrozide. JD e • 
rivativeai NEt,(CH2l)I. From NEt, and 
OHgl, (Lermontoff, B. 7, 1253). Dimetrio tables, 
V. soL water. Boiling with Ag,0 suspended in 
water gives NEt,(CH.I)OH.-(NEt,CEy),PtCl, : 
ootahedra. * 

Tri-etbylamine amylo-hydroxide 
NEt,(GgH,i)OH. Not obtained ciystalline. The 
iodide NEt,(G,H„)I forms slender unctuous crys- 
tals, V. sol. water and alcohol, insol. ether (Hof- 
mann, C. J. 4, 813). 

BI-ETimiWNE DISirLFHONIC ACID 
C.H„NSA ♦.«. NH(CH^.GH 2 .S 03 H) 2 . Imido^di- 
tSutne disulphmic aetd. Formed by heating 
taurine with baryta-water at 220° (Salkowsky, 
B 7, 117). 

ETHYIfAMHELINES v. Cyanuric acid in 
the article Gyanxo acid. 

ETHYL-AKYL is Heptane. 

DI - ETHYL. AMYL - AMIHE NEt3(G,H„). 
(164°). Obtained, together with water and 
ethylene, by the dry distillation of NEt,(C 4 H, ,)OH 
(Hofmann, C. J. 4, 316). Liquid, sol. water. 

ETHYIrlSO-AMYL-ANILlNE 0„H..,N i.e. 
NPhEtjG^H,,). Mol. w. 191. (262°). From 

isoamyl-aniline andEtBr; or from ethyl-aniline 
and isoamyl bromide at 100° (Hofmann, A. 74, 
166; 79, 13). Liquid. Its hydrobromide is re- 
■olv^ by distillation into ethyl-aniline and iso- 
amyl bromide. BUiO, and give a product 
[ 0 . 72®] (Van Bomburgh, li. T. C. 2, 103).— 

BjftPtCl,; poo®]. 

M$thylo -iodide NPhEtfCjHjilMel. Moist 
AgjO forms NPhEt(GjH,,)MeOH, which is re- 
solved by distillation into ethylene, water, and 
methyl -isoamyl-aniline. Gives the platino- 
chloride(NPhEt(GgH„)MeCl)3PtGl4. 

DI-EraYL-IBOAMYL BOKATE 
BUC*H„)BOr* (174®). S.G.25.868 (Schiff,^. 
SuppLof 164j. 

Sthyl-dt-iMamyl borate Et(C 3 H„),BO,. (c. 
218®). S.O.fi-876. 

ETHYL I80AMYL OABBONATE 
Bt(0;H„)CO,. (182® cor.). 8.0. ^ -92 (B6se, 
A, 206, 230). PCI. gives CjHjjO.COCl and EtCl. 

ETHYL Aim KETONE C,Hg.CO.CEtMe,. 
EihyUamyUpinaeolm. (161®). S.G. 2 ‘845; 
U >829. CnCtMerCOGl and ZnEt, (Wysch- 
negradsky, A. 178, lOP/. Formed also ,by 
bftilinff pinacone CMeEt(OH).GMeEt(OH) 
with minted KSOg (Lavrinovitch, A. 186, 12G). 
Gives on ozidimon acetic acid and GEtMe,.C03H. 

amyl ketone 0,H„0. (164®). S.G. 
*641. Oeenrt among the by-products in the pre- 
paiation of ether (&rtwig, J. pr, [2] 23, 449). 
Oil, smalllBg Uko camphor. Bednoes to a secon- 


dary alcohol GgHggO. Oxidation gives propionic 
and valeric acids. 

ETHYL ISOAMYL OXIDE G,H,.0 U. 
Et.O.CjH,,. Ethyl amyl ether. (112°). V.D. 
4-04. S.G. ia -764. H.P. 49,000 (Berthelot). 
Prepared by the action of potassium isoamylate 
EOCjH,, on EtI ; or of potassium ethylate on 
isoamyl iodide (Williamson, C. J. 4, 233). Not 
formed by distilling a mixture of ethyl and iso- 
amyl alcohols, since amylene is given off (Guthrie, 
A. 105, 97). Oil, lighter than water, smelling 
like sage. 

Ethyl terf-amyl oxide Et.O.CMe^t. (102°). 
S.G.2 -779 ; la -751. A by-product in the for- 
mation of amylene by the action of alcoholic 
potash on tert-amyl iodide : the yield being 
2 p.c. (Kondakoff, 7. B. 1887, 300 : Beboul, O.B- 
64, 1243). 

DI-ETHYL-ISO-AMYL-PHOSPHINE 

Et 2 (C 5 H„)P. (186°). Formed by treating di-ethyl- 
isoamyl-phosphine hydrochloride with NallO. 
A colourless slightly viscid liquid (Collie, C. J. 
63, 722). 

Tri- ethyl - iso - amyl - phosphonium chloride. 
Formed by heating iso-amyl chloride with tri- 
ethyl phosphine at 130° in a sealed tube (Collie). 
Very deliquescent. Decomposed above 300® into 
ethylene and di-ethyl-isoamyl-phosphine hydro- 
chlorideE t 2 (CjH, ,)PHCl.Theplatinoohlorid 0 
forms thick needles. M. sol. water. 

TBI-ETHYI-ISOAMYL SILICATE 
Et 3 (C 4 H„)Si 04 . (21()°-225®). From isoamyl alco- 
hol and ClSi(OEt)8 (Friedcl a. Crafts, A. Ch. [4] 
9, 5). 

Di-ethyl-di-isoamyl silicate Et 2 (C 3 H|,) 2 Si 04 . 
(245®-250°). S.G. 2 •916. From Cl ,Si(OEt), and 
isoamyl alcohol. * 

Ethyl -iri- isoamyl silicate Et( 05 H„)jSiO, 
(280°-285®). S.G. 2 *913. From ClgSiOEt and 
isoamyl alcohol. 

ETHYL-ISOAMYL SULPHIDE C,H,„3 i.e. 
Et.S,C,H„. (160° i.V.) (B.). S.G. 2 -852.* From 
NaSCJl,! and EtI ; or from Cslli,! and NaSEt 
in dry alcohol (E. 0. Beckmann, J. pr. 125, 449 ; 
A, Saytzeff, A. 139, 3G1). Colourless oil with 
alliaceous odour. Mel at 100'* gives SMejI, 
ethyl iodide, and C^HjiI. llglj forms a com- 
pound HgI,2SRt(C,H„). 

Ethyl - amyl - di- sulphide (C ,H 5 )(C 4 H„)S.. 
Formed by oxidation of an ethereal folution of 
ethyl- and amyl-mercaptan s with bromine. Thin 
colourless liquid. Volatile with steam. Lighter 
than water. Miscible with alcohol and ether, 
insol. water (Otto a. Bossing, B. 19, 3134). 

c ETHYL-ISO-AMYL 8ULPH0NE 
Et(C4H„)S0*. .[14°J. (270° i.V.). S.G. ^ 1-032. 
From ethyl-isoamyl sulphoxide (q.v.) and aque- 
ous KMnO. (E. 0. Beckmann, J.pr. 126, 460). 

ETHYL-ISOAMYL SULPHOXIDE 
Et( 04 H„)S 0 . From ethyl-isoamyl sulphide 
(1 pt.) and (2 pts. of) HNO^ (S.G. 1*4). Crystal- 
line (Beckmann, J. pr. 126, 449). Oil, solidified 
by a freezing mixture at — 16°. May be reduced 
to ethyl isoamyl sulphide. 

ETHYL-I3041MYL THIOCABBONATE v. 
Ethyl thioca/rbon&te. 

ETHYL-ANHYDBACETONE BENZlLv. vol. 
i p. 462. 

£THYL.ANn.IHEC,H„K«.s.NPhEtH. Mol. 
w. 121. (204®). S.G. i* *964. Formed by heating 
a mixture of aniline^ with exoess of EtBrto boil- 



EnPHYL-AOTHRANOL. 


477 


ing ; on cooling, a mass of crystals of its hydro- 
bromide is formed (Hofmann, C. J*. 3, 286). Pre- 
pared by saponifying its aoetyl derivative with 
boiling alcoholic KOH,; the aoetyl derivative 
may be obtained by warming alcohol (800 g.), 
acetanilide (76 g.), KOH (31 g.), and EtBr (66 g.) ; 
the reaction is at first violent, and the yield of 
ethyl-aniline is 41 p.o. of the theoretical (Pictet, 

/?. 20, 3422 ; cf. Hepp. B. 10, 327 ; Elsbaoh, B, 
15, 690). Prepared also by heating arpline hy- 
drochloride with ethyl alcohol (l^Ty mol.) for 
8 hours at 150° ; the yield being 62 p.c. of the 
theoretical (Eeinhardt a. Stacdel, B. 16, 29). 
Commercial ethyl-aniline may bo purified by 
fractional treatment with phthalio anhydride 
(Piutti, A. 227, 181). ’ 

Properties. — Oil, sol. alcohol, smelling like 
aniline. Oivea no blue colour with bleaching 
powder solution ; colours fir-wood and elder pith 
loss strongly yellow than aniline. Turns brown 
ill air and light. 

Beaclions.—l. HNOj gives off COj and red 
fumes, but forms also tctra-nitro-eihyl-aniline 
(Van Komburgh, R. T. C. 2, 31).— 2. Nitrous 
acid forms the nitrosamine C„H.,NEt(NO), a 
heavy yellowish oil, v. sol. alcoliol and ether, 
reutral in reaction, and re-convertod into ethyl- 
aniline by treatment with zinc and dilute H.^S04 
(Gricss, B. 7, 218).— 3. A solution of acetone 
saturated with SO,, forms large crystals of 
C.HaOSOjNPhEtH (Boessncck, B. 21, 1906).— 
4 ! Its phenyl-ethyl-phthalamate loses H^O at 

200°, becoming CO<^Q*‘^*^0(NPhEt)2 (Piutti, 

A. 227, 181).— 5. Cyanogen chloride forms 
PhNEtCy (271°) (Clooz a. Cahours, A. 90, 94). 

Salts.— B'HBr; large tri metric tables (from 
alcohol) ; v. e. sol. water (Hjortdahl, Z. K. 6, 
478).-B'2H.,PtCl, : long noodles; v. sol. water 
and alcohol.— B'HC1>‘ : crystalline mass; con- 
verted^t 320° into the hydrochloride of amido- 
phenyl-ethane C„H4Et.NII, (Hofmann, B. 7, 
626).— B'HBrCdBrj : trimetric.- -B'^IIaSiiBr,: 
monoolinic. — B^HI i trimetric tables. Ethyl 
sulphate B'HEtSOJii.SO^ : prisms: from 
NPhEtH and Et^yO^ in benzene (Clacsson a. 
Lundwall, B. 13, 1704). 

Formyl derivative C«HiNEtCHO. (260 ). 
S.G. iS 1063 (Pictet a. Cr6pieux, B. 21, 1106 ; 
cf. Tobias, B. 16, 2866). 

Acetyl derivative CaHaNAcEt. [56°]. 
(249°); (258°) at 731 mm. (P. a. 0.). From 
sodium acetanilide and EtI. Also from di -ethyl- 
aniline and AcBr. Prisms ; sol. ether (Elsbaph, 

B. 16, 690 ; Staedel, B. 16, 29 ; 19, 

Benzoyl derivative CaH,.NEtBz. [60°]; 
large crystals ; v. sol. alcoboh ether, Ac., 
water. Formed by heating di-ethyb-amlmo with 
benzoyl chloride at 200° (Hess, 1 

Di-ethyl-aniline C,oH,iN %.e. 
w 149 (214°). S.G. “-936. S.H, *476 between 
8° and 80° (B. Schiff, G. 17, 286). formed by 
heating ethyl-aniline with excess of EtBr (Hof- 
raann, A. 74. 136). Prepared bj heating amlme- 
hydrobromide (or hydroiodidb) with (2* 
ol) ethyl eloohol to 160° 8 hours; the yield 

is 98 p.o. ol the theoretiosl (Beinhsrdt o. Stoedel, 
B 16 29) 

' i>ropwtie».-Oa. <Mtos bo colour wito 
~wder. 

Beoiioylomo 


ethyl-aniline (Hess, B, 18, 687). AcBr forms 
EtBr and NPhEtAc (Staedel, B. 19, 1948). 
HNOt forms tetra-nitro-ethyl-aiiiline (Van Bom- 
burgh, B. T. G, 2, 31). Nitrous acid gives ni- 
troBO-di-ethyl-aniline OaH 4 (NO)NEt„ which orys- 
iallises from ether in green prisms [84°], andkii 
dissolves in dilute acids. 

Salts. — B'HBr: four-sided tables ; sublimes 
in needles. — B'jH.^PtClg: yellow prisms (from 
alcohol) ; less soluble than the platinoohloride 
of ethyl-aniline.— B'jH 2 Cl 2 SnBr 4 : monoclinio 
prisms (Hjortdahl, J. 1882, 624). — B' 2 H 2 Br 2 SnBr 4 . 

Methylo-iodide B'Mel: [102°]; identical 
with methyl -ethyl -aniline ethylo- iodide. By 
treatment with KDH it gives methyl-ethyl- 
aniline (Claus a. Howitz, B. 17, 1326). The 
corresponding hydroxide splits up on distillation 
into ethylene, water, and di-ethyl-aniline. Its 
salts are: (NPhEtgCl) 2 PtCl 4 .-NPhEtgI, [81°]. 
NPhEtX [68°] (Dafert, M. 4, 602). 

Ethylo -iodide NPhEtgl. — NPhEtjOH, — 
NPhEtjCl. — (NPhEt 3 Cl)jPtCl 4 (Hofmann, A. 
79. 2). 

JBe/crcwccs.—BROMO-, Chlobo-, Chloro-nitbo-, 
and Nitro- ethyl-aniline. 

ETHYL-ANILINE AZYLINE v. Di-ethyl- 
amido-benzene-kzo-di-ethyl-aniUne. 

ETHYL-ANILINE SULPHONIC ACID ' 

EtHYL-AMIDO-BENZENE SULPHONIC ACID. 

ETHYL-ANTHEACENE OjgH,* or 


CgH4<^^2'®‘^>0gH4. [61°]. Large plates. 

Prepared by reduction of ethyl-oxanthranol with 
zinc-dust and NHg (Liebermann a. Tobias, B. 
14, 802; A. 212, 109). Picric acid com- 
pound [120°]. 

ETHYL-ANTHBACENE-DIHYDEIDE C„H„ 

or (322° oor.). S.O. « 

1-049. Prepared by reduction of ethyl-oxan- 
thranol with P and HI (S.G. 1*7) (Liebermann, 
B. 13, 1000; A. 212, 76). Clear fluorescent 
liquid. Miscible with alcohol, ether, benzene, 
and acetic acid in all proportions. Cautious 
treatment with CrOj in glacial acetic acid recon- 
verts it into ethyl-oxanthranol ; further oxidation 
gives anthraquinone. 

Di-ethyl-anthracene dihydrido 

di-cthyl-an. 

throne, HIAq (S.G. 1*7), and amorphous phos- 
phoruB at 190° (Goldmann, B. 21, 1176). (>)lour- 
less crystals, v. sol. ligroin, ether, and OS^ Oxi- 
dised by CrO, in HOAo to di-ethyl-anthrone. 

Ethyl-anthracene-hydride-nitrite 

0,4H,(0^,)(N0^,. [130°]. Large crystals. SoL 
benzene. Prepared by the action of HNO, on 
an acetic acid solution of ethyl-anthraoene- 
hydride. On oxidation with CrO, it gives anthra- 
quinone (Liebermann a. Landshoff, B, 14, 478). 
ETHYL - ANTHBANOL Ethyl ether 

action of ethyl iodide and KOH on aathrand 
(Goldmann, B. 21, 2506). Needles (from dilute 
alcohol) ; v. e. sol. benzene, ether, ^dMtroleald 
ether. Oxidised by chromic acid, to ethyl^xan- 

thranoi [ 106 ®]. ■ 


0(OEt)v % 

\c,H 4 . [77°]. , Formed by the 
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DI-ETHYLtABTHBOKE 0,eH,s0 1 

Formed together with the ] 

ethyl derivative of anthranol 
>0(0Et)v 

I yCIjH, by (^oiling anthranol with 

cone. KOHAq and EtI {Goldmann, B. 21, 1176). 
[136°]. Colourless crystals, v. sol. benzene, 
chloroform, alcohol, and ether, sol. ligroin, 
insol. aqueous alkalis. Oxidised by CrO, in 
HOAo to anthraquinone. Does not combine 
witli Br. Not affected by ECl in HOAo at 180°. 

ETHYL AE8ENATE ((^HJ^AsO^. (237°). 

S.G. 2 1*826. Decomposed by water into al- 
cohol and arsenic acid (Crafts, Bl [2] 14, 99). 

ETHYL AESENITE (C^HJ^sO.,. (166°). 
S.G. 5 1*224. Formed from AgjAsOs and EtI. 
Prepared by the action of NaOEt rn AsCl, or 
AsBr, in alcoholic solution. Only f of the cal- 
culated quantity of NaOEt is used, to avoid 
saponification of the ether. Excess of AsBr, is 
removed by passing in dry NH, and filtering from 
the pp. Arsenious ether is also formed by heat- 
ing Et4Si04 with ASjOg at 200°. It is not affected 
by dry NH, but is decomposed by water into al- 
cohol and ASgO,. HBr gives alcohol and AsBr, 
(Crafts, Bl. [2] 14, 99). 

ETHYL- AESIOS «. Aesenic, organic com- 

^UNDS OF. 

ETHYLATIOH OF BA8E3. The displace- 
ment of hydrogen by ethyl in primary and 
secondary bases is usually effected by heating 
with ethyl iodide (bromide or chloride), the re- 
sulting compound oeing decomposed by potash. 
Another method consists in heating the hydro- 
chloride (hydrobromide or hydroiodide) of the 
base with 10 p.o. more than the calculated quan- 
tity of ethyl alcohol at 150° for 8 hrs.; the yield 
varies from 28 p.o. to 99 p.c. of the theoretical, 
according to the base. The reaction takes place 
most readily with the iodide, and least readily 
with the chloride ^c/. Beinhart a. Staedel, B. 16, 
29). 

ETHYL-ATBOLACTIC ACID v. Ethyl deri- 
vatwe of O-OxY-a-PHBNYL-PBOPIONIO ACID. 

ETHYL-ATEOPINE v. Atropine. 

ETHYL-AZAXJKOLIC ACID v. Azatjrolic 


A02D. 

ETHYL-BAEBITDBIC ACID v. Ethyl derv- 


vaUvB of Babbit¥Bic acid. 

ETHYL.BENZENECsH„i.c. C^Bg.aH^. Mol. 
W.106. (186° LV.). S.G. «« -8673 (Bruhl, A. 
286, 12) ; ? *8760 (Schiff, A. 220, 92). C. E. 
(9*9° to 186*8°) *00129. V.D. 3*66 (calc. 3*66). 
S.V, 188*9. Md S.H. *393 at 0° (Schiff, 


A. 284, 800). 

OccKmnce.— -In Dippel’s oil (Wcidel a. Cia- 
mician, B. 18, 70). 

FormaUon.^1. From EtBr, C«H,Br and Na 
(Pittig, A. 181, 810; 133, 222; 144, 278).-2. 
From benzene, ALC1„ ftid EtCl or ethylene 
(Friedel a. Crafts, A. Oh. [6] 1, 467 ; 14, 466 ; 
Bennie, 0. J. 41, 88 ; Balaohn, Bl. [2] 81, 640 ; 
SfiUscher, B. 16, 1680).— 8. By heating benzene 
(4 nta.) with ether (1 pt.) and &OL (2 pts.) for 
12 Wars at 180°tBaIsohn, Bl [2] 82, ®17).^. 
According to Bttrthelot (Bl. [2] 9, 289) it is 
among the inroducts obtained by. heating naph- 
thalene with flone. HTAfl (20 pts.).— 8. Aaoori^ 


ing to Friedel a. Crafts (Bl. [2] 89, 196) it if 
among the carbonaceous products of the action 
of AljClg on benzene at 200°.— 6. By heating 
styrene with HIAq (20 pts.) (Berthelot, Bl. [2] 9, 
466). 

Prqperftss.— Liquid, resembling toluene. 

Beactions.—l. On passing through a red-lwt 
tube it is decomposed forming styrene (2 p.o.) 
benzene (16 p.c.), toluene (1 p.o.), naphthalene (2*2 
p.o.), naphthalene dihydride, diphenyl (*6 p.c.), 
phenanthrene (2-6 p.o.), and anthracene (-4 p.c.) 
(Berthelot, Z. [2] 4, 689 ; Ferko, B. 20, 663). 
2. By prolonged oxidation with dilute HNO, 
or CrOj it is converted into benzoic acid. When 
the oxidation is incomplete there is formed a 
small quantity (10 p.o.) of acetophenone (Friedel 
a. Balsohn, Bl. [2] 32, 616). — 3. In carbon di- 
sulphide it yields with chromyl chloride CrOjClj 
a chocolate crystalline pp. of composition 
PhEl2Cr02Cl2 converted by moisture into phenyl- 
acetic aldehyde (fitard, A. Ch. [6] 22, 246).— 4. 
Converted by boiling with Al2Clg into p-di-ethyl- 
benzene and a Httlo w-di-ethyl-benzene (An- 
schiitz, A. 235, 189). — 5. Chlorine under the in- 
fluence of light forms a-chloro-ethyl-benzene 
(Schramm, M. 8, 101). — 6. By the action of 
bromine in the dark, or of bromine in presence 
of 3 p.c. of iodine in diffused daylight it yields 
a mixture of o- and yj-bromo-ethyl-benzene 
(Schramm, B. 18, 1272; M. 8,304). 

♦n-Di-ethyl-bensene. [—20°]. (182°). S.G. 
*5° *8602. Formed, together with the jo-isomeride, 
when benzene is acted upon by EtBr in presence 
of AlCl, (Voswinkel, B. 21, 2829). Forms no 
compound with picric acid. Dilute HNO, gives 
isophthalio acid. Gives CjHgBrfita (238°) and 
C^Br^Etj [74°j. 

^-Di-ethyl-benzene CjoH,, i.e. CaH4(C2H5), 
Mol. w. 134. (181°) (A.). S.G. *871. 

Formation. — 1. From p-di-bromo-benzene 
[89°] by treatment with sodium and EtI (Asch- 
enbrandt, A. 216, 212 ; B. 12, 1303).-2. From 
p-bromo-ethyl-bonzene, Na and EtI (Fittig, A. 
144, 286).— 3. A di-ethyl-benzene (179°-186°) 
is formed by passing ethylene into benzene con- 
taining ALClj (Balsohn, Bl. [2] 31, 640 ; Friedel 
a. Crafts, A. Ch. [6] 14, 466).— 4. By passing EtCl 
into benzene containing AljCl, a di-ethyl-ben- 
zene is formed which on oxidation by chromic 
mixture gives an acid 0,H4(C0jH;.CH3C03H 
subliming at 210° (Allen a. Underwood, Bl. [2] 
40, 100). 

„ Reactions.— 1 . Gives ethyl-benzoio acid on 
oxidation by dilute HNO,. Chromic acid mixture 
forms terephthalio acid.— 2. OrOjOl, forms a 
compound OaH^Etj^rOjCl, cmiverted by water 
into phenyl-acetic aldehyde (Etard, A. Ch. [6] 
22, 252). 

s-Tri-ethyl-benzene C„H„ i.e. 

[1:3:6]. (218°). Formed by treating a mixture 
of acetone and methyl ethyl ketone with HaSO* 
(Jacobsen, B. 7, 1480). It yields trimesio acid 
C.H,(COja), onfcoxidation. Tri-etbyl-benzenes 
are also formed by the action of ethylene on 
benzene in presence of AlaClf (Friedel a. Crafts, 
A. Ch. [8] 14, 466), the chief product beii^f 
8-tri-ethyl‘benzene. On oxidation by OrO, this 
mixture gives an acid C,oH,0, oryataUtsing in 
large neSlea, and ultimately trimesio aeid 
(Fnedel Bdlsohn, Bl [2] 84» 686), 
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a .Tetra • athyl - berwene OoH5Et4[l:2:4:6]. 
n8®1. (250'’). Formed, together with the con- 
ieotitive isomeride, by the action ol 
AlOL on benzene; the product (250 -265 ) is 
treated with C1S0,H, and the sodium salts of 
the resulting sulphonio acids crystallised from 
water. The Na salt of s-tetra-ethyl-benzene 
sulnhonic acid crystallises first, and the residual 
acid is converted into Ba salt. After l»?,num 
c-tetra-ethyl benzene sulphonate has oryatalused, 
there may still be obtained from the mother- 
liquor a Bulphamide [100°], possibly belonging 
to i-tetra-ethyl-benzene. The sulphonio acids 
are hydrolysed (Jacobsen, B. 21, 2820). Crys- 
talline mass; oxidised by dilute HNO3 and by 
KMnO^ to pyromellitio acid. *Br gives CuBroEt* 

c-Tetra-ethyl-benzene C«Ho(C2Hs)4[l :2:3:4]. 
(254° cor,). V.D. (H» 1)180-6 (obs.). Colour- 
less Uquid. Lighter than water. Prepared by 
heating benzene with ethyl bromide and Al^Cla 
at 100°. On oxidation with KMnO^ it gives 
prehnitio ttoid OA(CO,H). (Galle, B. 16, 1745). 
Forma C.Br,Et. t77«] (J.). 

Penta-ethyl-benzene CgHEtj. (277 ). S.G. 
J? •8986. Obtained from benzene by the action 
of EtBr and AlCl,. Purified by conversion into 
the sulphonio acid by CISO3H, crystallisation of 
the Na salt, and subsequent hydrolysis (Jacob- 
sen, B. 19, 1209 ; 20, 890, 2867 ; 21, 2814). Oil. 
Does not solidify at -20°. HNO3 docs not give 
a nitro- compound. When treated with cone, 
H3SO4, followed by fuming H2SO4 there is formed 

C.(CA).. [129"]. (ff 
cor.). V.D. (H«l) 242-1 (obs.).^ Formed by 
heating benzene with ethyl bromide and 
at 100° (Galle, B. 16, 1746; Jacobson, B. 21, 
2820). Formed also by passing EtCl into 
benzene containing Al^Clu (Albright, Morgan, a. 
Woolworth, 0. B. 86, 887). Long colourless 
monoclinio prisms. Sol. alcohol and ether, si. 
lol. acetic acid. Easily sublimes. 

Bs/erences.— B romo-, Bbomo-nitro-, Ciitxiro-, 
Chloro-nitro-, Nitro-, &c., bthxl-denmn^ 

ETHYL-BENZENE CAMOXYLIC ACID v. 

PhBNYL-PROPIONIO Aom. « -nr rk 

Ethyl-benzene di-oarboxylio acid 
i.e. CO2H.C4H4.CHMe.CO2H. [147°], From its 
nitrile ana fuming HCl at 200° (Gabriel, B. 20, 

From CN.C4H4,CH2CN by treatment with alco- 
holic KOH and Mel. Triclinic prisms (Fo^*B. 
20, 2601). V. sol. alcohol and ether. Cone. 
H2SO4 at 126° converts it quickly into the imide 


dimetric tables. — BaA'j 8aq : prisms, m* irf* 
water. — CuA', 4aq : blue plates. 

Amide C 4 H,Et 2 SOaNH, : [102°]; needlei 
(from alcohol). 

p-Di-ethyl-benzene sulphonio acid 
H-fiLEtJSOjH). From di-ethyl-benzene and 
fuming H2SO4 (Fittip a. Kdnig, A, 144, 277; 
Aschenbrandt, A. 216, 214 ; Bemsen a. Noyes, 
Am. 4, 200). Deliquescent laminsa. 

Salts.— KA' 3iaq.— NaA'.— BaA', 4aq : leaf- 
lets. S. (of BaAg 6-1 at 23°.— SrA', 4aq.— 
CaA '2 6aq.— CuA '2 Oaq : blue plates.— PbA', 3aq. 
— HgA'j. — NiA', 6aq. — CoA', 6aq. — MgAV — 
AgA'. 

Amide C4H4Et2(S02NH2). [97*6° cor.] 

Leaflets, si. sol. water. 

s-Tetra-etbyl- benzene sulphonic acid 
04HEt4S03H. From s-tetra-ethyl-benzene and 
CISO3H (Jacobsen, B. 21, 2820).— NaA'- 4aq : 
plates (from water), or tables (from alcohol); si. 
Bol. cold water, insol. dilute N aOHAq. — BaA', Oaq : 
scaly crystalline pp. SI. sol. boiling water. 

Amide C„HEt4S02NH2 : [122°]; trimetrio 
plates (from dilute alcohol). 

c-Tetra-ethyl-benzene sulphonio acid 
C.H(C2H5)4 SOsH. Silky plates or long needles. 
Formed by sulphonation of c-tetra-ethyl-benzene. 

Salts.— A'Na 6aq : microsoopio plates. — 
A'2Ba6aq: flat prisms.- A'2Cu 8aq : light-blue 
plates.— A'jCd 7aq : large flat prisms. 

Amide 03H(C2n3)4S0,NH2 : [107°] ; glisten- 
ing scales or large monoclinio prisms, ▼. sol. 
alcohol and acetic acid, si. sol. petroleum-ether 
(Galle, B. 16, 1745). . 

Penta-etbyl-bonzeue sulphonio acid 
C«Et,SOsH. From penta-ethyl-benzene and 
CISO3H (Jacobsen, B. 21, 2814).— NaA'iaq: 
thin pearly plates (from water) ; m. sol. cold 
water, insol. dilute NaOHAq, v. sol. aloohol.-- 
KA'2aq: six-sided, trimetrio plates (from water), 
prisms (from alcohol) ; si. sol. cold, m. sol. hot, 
water, v. e. sol. alcohol.— NH4A' aq : trimetric, 
six-sided plates, si. sol. cold water.— BaA', 9aq : 
from the Na salt and Ba{OAo)2. Small scales ; 
V, b1. sol. boiling water. 

B«/crence.— C hloro-ethyl-benzbn* iutPHo- 

*”°ETHYL-BENZHYDEOXAMIC BTHBE t>. 
Benzenvl-ethoxim ethyl ether. 

TETBA-ETHYL-BENZIDINE r. Tetra- 

BTHYTi-Pl-AMIDO-DIPnENYL. _ , , 

ETHYL BENZOATE v. Ethfl ether oi Bbszoio 

ACID. ^ . 

0 -ETHYL-BENZOIC ACID 0,H,oO, t.e. 
0,H4EtC02H[l:2]. Mol. w. 150. [68°]. Formed 

<. ^ rtf ili.rthlnrft.hromo*. 


.t 200 » 

gives ohloro-oxy-methyl-isoquinoline. 

Isomeride v. Carboxt-phknyl-propionio acid. 
ETHYL-BENZENE SDLPHONIC ACID 
OHH4Et(SO.H). Two acids of this composition 
are obtained by digesting eM-benzene with 
fuming H 2 SO 4 at 100°. The abundant ^id 

forms the less soluble K salt, ’which 
well and yields an amide 5 
KOH it yields solid ethyl-phenol (Ohrustsohoff, 
B. 7, 1166). , „ 

m-Xtbyl-bensene sulphonio acid. 

ri;8:4 ?]. From the hydrocarbon 
“ Voswinkel, B. 21, 2880).~KA'aq; 


and OlSO,H (Voswink 


by reduction ol tri-chloro-, or di-ohloro-brom^, 
vinyl-benzoio acid with sodium amalgam (Zincke, 
B. 20, 2066). Formed also by reduction of aw- 
tophenone carboxylic acid p 

acid 03H4(0202)CH.C02H with m and P at 180 
(Gabriff^a. Michael, B. 10, 2206).— Slender flat 
needles. — AgA' : long needles. rr m 

»n-Ethyl-benioio ^cid 0,H4Et.CO^ [1;8]. 
r47°l Formed by oxidising tu-di-ethyl-benzeno 
^tJ-aaarVo. (J.«.bsen B. 21. 28^. 
NeedlM, insol. cold w»tot.-CsA', 4.4: DMdlM, 

’■“!»h)^b6Molo a«ld 


0O| upon jp-hromo-ethyl-bonuana (Keknle, 4» 
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Id7t 178 ; KeknlS a. Thorpe, C, J. 22, 366).— 
2. By oxidising di-ethyl-benzene with boiling 
dilate HNO, (Fittig a. E6nig, A. 144, 277; 
Asohenbrandt, A, 216, 218). 

Properties.— Small plates (from water) or 
prisms (from alcohol), y. si. sol. cold water, y. 
sol. alcohol, ether, chloroform, and benzene. 
May be sublimed. Melts under water. Gives 
terephthalio acid on oxidation. 

Salts.— BaA'j 2aq (A.).— BaA'j aq (F. a. K.). 
S. 2.-CaA', 3aq (A.)-CaA', 2aq (F. a. K.) : 
feathery tufts of needles. — CuA'^ xaq. — AgA' : 
needles (brom hot water). 

Di-ethyl-benzoic acid i.e. 

CyHjEtyCOjH. Formed, together with benzoic 
acid, by fusing di-etbyl-carbobenzoic acid 
C„H„0, with potash (Zagoumcnny, A. 184,171). 
Oil. — AgA' : laminiB (from water). 

jB«/ercncfls.— Chloro- and Nitro- bthyii- 
BBNZOIO ACIDS. 

ETHTL-BENZOFHENONE v. Piienyl-ethyl- 

PHENYL-KETONB. 

ETHYL- BENZOYL- ACETIC ACID o. Benz- 

OYL- ACETIO ACID. 

ET HYL -BENZYL- t). Benzyl-ethyl-. 
ETHYL-DIBENZYL v. Phenyl-ethyl- 

PHEMYL-ETHANE. 

ETHYL-DI-BENZYL-PHOSPHINE 
EtP(0,H,)j. (320‘’-330®). Formed by treating 
with NaOH the distillate from Et2P(C7n,)2Cl 
{v, infra) (GoUie, C. J, 63, 725). 

B«ntylo-chlorid6 EtP(0,H7)sCl aq. De- 
composed on distillation , giving ethylene, stilbene, 
HGl, Ac. 

Di-ethyl-bensyl-phospbine EtjPCjH,. (250® 
-256®). Formed by distilling Et,PC,H,Gl and 
treating the resulting Et^PCjHjClII with NaOH 
(CoUie, C. J. 63, 724). 

Oxide Et2(0,H;)P0. (329®). Formed as 
above, and also by heating Etj(C,H,)2POH. 
Long needles. Converted by Na into Et^PG^H,. 

Sulphide [95®]. (300®-310®). 

Formed hy adding 8 to an ethereal solution of 
EtjPO^H,. Crystalline; insol. water. When 
heated with Na the phosphine EtjPC,!!, is 
liberated. 

Beneylo-chloride Et2P(C,H,)jCl. De- 
composed on heating into C3H1 and 
BtP(0,H,),01H. 

ETHYL BENZYL SULPHIDE 0 . Ethijl 
derwaUve of Benzyl mercaptan. 

TBl • STH YB • BISHUTHINE v. Bismuth 

TBX-BTHZDE. 

TEI . ETHYL - BIUBET G.H^NjO^ i.c. 
NEt(CO.NHEt)^ Formed by warming cyanurio 
ether with bar;^ (Limpricht a. Habich, A. 109, 
104; Nenoki, B, 9, 1011). Thick oil, si. sol. 
water, v. sol. alcohol and ether. Split up on dis- 
tillation into cyanic ether and di-ethyl-urea. 
ETHYL BORATES. 

Ethyl ortho-boratc (C2H,),B0,. (120® i.V.). 

5. G.ft-887;*S^*’861. V.D. 6-14 (calc. 6 07). Pre- 
pared by the action of ^cohol on BCl, (Ehel- 
men a. Bouquet A, Ch* [3] 17, 65 ; Bowman, 
P. if. [3] 29, 646). Formed also by distilling a 
mixtare of dry KEtSO. with anhydrous borax 
(Bose, P. 98, 245), and by the action of absolute 
alcohol as TOwdered B9O. (Schiil, Bl. [2] 5, 872 ; 

6, 86). Colourless liquid with alcoholic odour. 
Bom with green flame* Mixei with ether and 


alcohol. Decomposed by water in a few miiintea 
into alcohol and borio acid. HNO| gives nitric 
ether and borio acid. Aoetio acid forms acetic 
ether and B^O,. PCI5 forms EtOl, POOl, and 
EtBOj. 

Ethyl metaborate EtBO^ Among the pro- 
ducts of the action of alcohol on B^O,. Dense 
liquid, absorbs moisture from the air, being 
split up into alcohol and borio acid. Gives with 
alcohol EtaBO,. Acetic acid at 190® gives acetic 
ether and HBOj. Cannot be distilled, for it 
splits up at high temperatures into EtjBOa and 
gummy EtBaOj, which behaves like EtBOj to- 
wards water and alcohol. 

ETHYL-BORIC ETHER EtB(OEt)2. The 
compound EtB(OEt)2,B(OEt)s (112°) is formed 
by action of ZnEt^ (2 mols.) on boric ether (1 mol.). 
Water decomposes it into ethyl-boric acid 
BEt(OH)2 and alcohol (Frankland, Pr. 25, 165). 

Di-ethyl-boric ether Et^B.OEt (103°). From 
ZnEtj and EtB(OEt)2,B(OEt)3. Dry oxygen con- 
verts it into BEt(OEt)2. Water converts it into 
dielhyl-borio acid Et^B.OH, which absorbs oxy- 
gen from air, forming crystals of EtB(OEt).OH, 
whence H2O forms alcohol and EtB(OH)2- 

ETHYL BROMIDE CH^Br. Bromo-ethane. 
Mol. w. 109. (38-4°). S.G. V" 1-4189 (Monde- 

Icjcll); 1-4555 (Weegman, Z, P. G, 2, 218) ; 
1-4409; II 1-4325. M.M. 5-851 at 10-7°. S.V.77-07 
(Schiff). Critical temperature : 230° (Pawlewsky, 
B. 16, 2633). 

Formation.— X. The rate of formation from 
alcohol and HBr has been studied by Villiers 
(C. B. 90, 1488). — 2. When a mixture of ethyl- 
ene and Mr is passed over Al2Bra there is formed 
Al.Br3C4Ha, ethyl bromide, and saturated hydro- 
carbons (Gustavson, J. pr. [2] 34,101).— 3. Toge- 
ther with other products by heating alcohol (1 pt.) 
with bromine (3 pis.) (Lowig, A. 3, 291). 

Preparation.—!. By adding bromine (Spts.) 
gradually to alcohol (40 pts.), mixed with clear 
phosphorus (1 pt.), and distilling (Seruilas, A. 
Ch. 34, 99). Personne (C. B. 62, 468) employed 
red phosphorus (40 g.) with dry alcohol (160 g.) 
and bromine (100 g.). — 2. By mixing HjSO^ 
(10 pts.) and alcohol (6 pts.), allowing to stand 
lor some time, and then diluting with water 
(3 pts.), adding KBr (5 pts.) and distilling. The 
yield is 80 to 100 p.c. (De Vrij, J. Ph. [3] 31 
100 ; cf. C. J. 30, 127 ; D. P. J. 229,c284). 

Properties.— Colomle^s liquid with ethereal 
odour and anscsthetio influence (Robin, 0. B. 32, 
649). V. si. sol. water, miscible with alcohol 
and ether. Burns with difficulty, forming a 
sfnokeless green flame. Not acted upon by 
HNO„ by H2SO4, or by potassium. 

Beactions.—l. When passed through a red- 
hot tube ethylene and HBr are among the pro- 
ducts.— 2. Ammonia gives ethylamines. Othei 
bases act similarly.— 8. AkoJiolio wtash forms 
KBr and ether (Berthelot, A. 92, 86I).— 4. Brom 
ine forms CHg.OHBrj, CHgBr.CHjBr, anc 
OHgBr.CHBrg (114®) (Tavildaroff, A. 176, 12).- 
6. The dry cop^r-zim couple forms BrZnEt, th( 
combination bapg facilitated by the presence 0 
a little £tl. In presence of water or alooho 
ethane is given ofl on warming (Gladstone a 
Tribe, C. J. 27, 410).— 6. A mixture of EtB 
passed over ALBr^, or the compound AlBr,04H 
at 60® gives satnrated hydrocarbons (Gustav 
son). 
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Oompocind EtBrK^S23aq (Fororand, A, 

^i§i^-B^ioMO.AOETO-ACETIC ETHES P. 

Bromo-acbto-acetio bthbb. 

ETHYL-DI-BEOMO-DI-ALLYL-AMINE 

CgHiiBraN i.e, EtN(0jH;Br)2. From dibromo- 
allyl-amine and-Etl at 100® (Maxwell Simpson, 
P. if. [4] 16, 267). Pungent bitter oil, alkaline 
to test papers. Precipitates Cu(OH)2 from 
cupric salts. 

ETHYL BROMO-ALLYL OXIDE C^HoBrO Is. 
Et.O.CH2.CBr:CH2. (133°). S.G. i2 1.2(5. From 
EtO.CHa.CHBr.OHjBr and NaOH (Henry, B. 6, 
188). 

Ethyl di-bromo-allyl oxide 
Et.O.CH2.CBr:CHBr. From^ ethyl propargyl 
oxide and Br (Liebermann a. Kretschmer, A. 
168, 234). 

ETHYL-BKOMO. AMINE v . Ethyliminb. 
ETHYL-BROMO-ANILINE t>. Bhomo-etiiyl- 

ANILINB. 

ETHYL BROMO-PENTENYL OXIDE 
CjHgBr.O.Et. (179°). S.G. 1-23. From 
bromo-amylene bromide (tri-bromo-pentane) and 
alcoholic KOH (Reboul, A. 133, 84). 

ETHYL-BROMO-PODOCAKPIC ACID v, 

PODOCABPIO ACID. 

ETHYL ISOBUTYL CARBONATE C,H„0, 
t.e. Et(C,H„)CO,. (160*1° cor.). S.G. ^ *02 (E6se, 
A. 206. 230). 

ETHYL-ISOBDTYL-OLYOXALINE 

t.e.C,H.;Et(C,Ha)N2. Oxaleihyluoamijline, (225°). 
S.G. -- -9291. The hydrobromide is formed 
from isobutyl-glyoxaline (glyoxal-isoamylino) and 
EtBr (Radziszewsky a. Szul, B. 17, 1294). Oil. — 
B'oHjPtOL : orange prisms. 

ETHYL ISOBUTYL KETONE 
aHyCO.CHjPr. (135°) at 735 mm. S.G. § 
•829 ; ^ *816. Formed when CO is passed over 
a mixture of sodium isovalerato and NaOEt at 
160° (Loos, A. 202, 327). Also from isovaleryl 
chloridb and ZnEt., (Wagner, BL [2] 38, 264 ; 
J. B. 16, 673). Gives on oxidation acetio and 
isovaleric acids. 

Ethyl tcr^-butyl ketone Et.CO.CMe,. (126°). 
S.G. a -831 ; .gio. From CMej.COCl and 
ZnBtj (Wyschnegradsky, A. 178, 104). Liquid 
smelling of mint and camphor. Oxidised by 
CrO, to CMejCO^H. 

ETHY».BDTYL.OXIDE C„H,,0 t.«. 
Et.O.C.H,. (91-4°). S.G. S -768. S.V. 160-1. 
C.E. (0°-10°) -00116 (Dobriner, A. 243, 6 ; cf. 
Liebon a. Rossi, A. 158, 167). 

Ethyl isobutyl oxide EtOCHjPr. (79°). S.G. 
•75. From EtI and KOC,H, (Wurtz, A. Ch. [ 5 ] 
42, 129 ; A. 93, 117) or from C^HjBr and KOEt 
(Meissler, C. C. 1887, 479). . 

Ethyl tert*batyl oxide •EtOC^e,. (69°). 
Formed by heating tert-butyl bromide (2 vols.) 
with NEt, (6 vols.) and alcohol (6 vols.) at 100° 
(Reboul, J. 1881, 409). 

ETHYL I80BITTY1 SULPHATE? 
i:t(C4Hp)SO,. From C^H^O-SOaCl and alcohol 
(Behrend, J. pr. [2] 16, 34). decomposed by 
water into alcohol and H(04H9)B04. 

ETHYL ISOBUTYL («).THI0CARB0NATE 
EtO.CO.SO4H,. (192°). S.G. w -994. From 
ClCOjEt and NaSO.H, (Mylius, B. 6, 818). 

Rthyl-isobutyl (a)-di*tAio>oarbonate 
EtS.CO.OO4H,, (198°). S.G. *994. From 
VOL. U. 


0100, 04H, and NaSEt (M.); v. Ethyl tbio- 

OABBONATBS.^ 

Etbyl-iiobutyl dithiocarbonate 
04H,0.CS.SEt. (228°). From OAO.CS.SR 

and EtI at 100° (MyRus, B. 5, 972). Yellow 
Jiquid with unpleasant odour, with a taste like 
aniseed. 

ETHYL CAMPHcJilE 0,oH,s(0,Hs). (198°- 
200° cor.) at 742 mm. S.G. as .9709. V.D. 
= 6-66 (found). Prepared by the action of sodium 
on a nuxture of solid camphor-dichloride [165°] 
and ethyl iodide (Spitzer, B. 11, 1817). Mobile 
fluid of turpentine-like smell. 

ETHYL-CAMPHOR v. Camphob, 

ETHYL CARBAMATE v. vol. i. p. 679. 

ETHYL - CARBliMIC ACID NHEt.OO,H. 
Ethyl-ammonium salt NH,EtA'. From 
ethylamine and CO, at —18°. Snow-white 
powder. Decomposed by water although, like 
animonium carbamate, it does not immediately 
ppt. BaCl, Si the cold (Wurtz, A. Ch. [3] 30, 443). 

Ethyl ether NEtH.CO,Et. (176°). V.D. 
4*07. S.G. ai -986. From ClCO^Et and NRtH, 
(Schreiner, ef. [2] 21, 125; 22,353). Formed 
also by heating cyanic ether with alcohol in 
sealed tubes at 100° (Wurtz, C. E. 37, 182). Oil. 
Decomposed by potash into ethylamine, alcohol, 
and K^CO,. 

Di - ethyl • oarbamic chloride Gl.CO.NEt,. 
Chloro-fonnic acid diethylamide. (190°-195°). 
Prepared by the action of PCI, on diethyl-oxamio 
acid, CO being evolved (Wallach, B. 14, 746), 
Liquid. By treatment with diethylamine it 
gives tetra-ethyl-urea. By water it is decom- 
posed into CO,, and diethylamine hydrochloride, 

ETHYL CARBAMINE CNCHi. (78°). Mol. 
w. 65. From ethyl iodide and silver cyanide 
(v. vol. i. p. 680). Also from EtI and mercuric 
fulminate (Calmels, J. pr. [2] 30, 319). Stinking 
liquid. Does not solidify at -68°. Split up by 
acids into formic acid and ethylamine. HgO 
added to a solution of ethyl carbamine (1 vol.) 
in ether (4 vols.) forms CPH22N4O2 [112°]. Br 
forms oily NCsH^Br, (Tsohemiak, Bl. [2] 80, 
105). 

Ethyl - carbamine oyamide v. Oabbuhdo- 

ETHYL-UREA. 

DI-ETHYL SEMI-CARBAZIDE 0,H,N,0 i.e* 

NH.,.CO.N2H2Et. [106°]. From ethyl-hydrazine 
hydrochloride and cone, aqueous potassium 
cyanate (Fischer, A. 199, 284). Lamin® ; v. e. 
sol. water and alcohol, si. sol. ^ther and cono. 
alkalis. Reduces Fehling’s solution and HgO 
only when warm. 

s - Di - ethyl - semicarbazide OjH„N,0 i.e. 
NHEt.CO.NEt.NH2. From the nitrosamine of 
s-di-ethyl-urea NHEt.CO.NEt.NO by reduction 
with zino-dust and HOAo in alcoholic solution 
(Fischer, A. 199, 284). Crystallises with diffi- 
culty ; v. sol. water and alcohol. Reduces Feh- 
ling's solution only when warm. Boiling oono. 
HClAq splits it up into CO2, ethyl-hydrazine, and 
NH^t.— B'HOl : slender needles. — B'^H^PtOlf. 

4i.Di-etbyl-semi-caAazide 
NHyCO.NH.NHEt. [149°]. Formed by the 
action of potassium cyanate on the neutral aalte 
of «-di-ethyl-hydrazine (F.). Long slender 
prisma (from alcohol) ; v. e. sol. alcohol and hot 
water, v. sL sol. ether. Reduces boiling FehRng’s 
solution with much difficulty. — t 

slender yellow needles (from alcohol). 
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Nitrosamine NH 2 .CO.N(NO).NEty YeUow 
plates ; si. sol. water» v. sol. alcohol and ether. 
Dilute KOH splits it up at once into diethyl- 
amine, CO,, ammonia, and N^O. 

ETHYL-CABBAZOLE C„H„N i.e. 

From potassium oarb- 

azole and EtI (Graobe, A* 202, 23). Leaflets, 
sol. ether and hot alcohol, insol. water. Its 
pic rate C, 4 H, 5 NC*H 2 (N 02 ) 30 H crystallises in 
needles [97°]. 

ETHYL-CAEBAZOLINE C„H„N i.e. 
O^Hj^NEt. Hydroiodide B'HI. Fromcarb- 
azoline, EtI, and alcohol at 100° (Graebe a. 
Behaghel, A. 202, 25). Thicjf tables, v. sol. hot 
water. 

ETHYL - CAEBIMIDO - METHYL - THIO - 
UBEA SO<^g®>0:NEtorMeNH.CS.N:C:NEt. 

Methyl4hio-carbamine-ethyl-CT/amuk.^ [106°]. 
Formed by the action of ethyl iodide upon 
sodium carbimido-methyl-thiourea (Wunderlich, 
B. 19, 448). 

ETHYL-CABBIMIDO-PHENYL-THIO-UEEA 

SC <;;^ 2 ^>C:NEt or rhNH.CS.N:C:NEt. P/w- 

nyl - thio - carbamine - ethjl - cyamide, [119°]. 

Formed by the action of ethyl-iodide upon so- 
dium carbimido-phenyl-thio-urea. Crystalline 
solid. V. sol. water and alcohol. Indifferent 
body (Wunderlich, B. 19, 448). 
ETHTL-OABBIMIOO-UBEA 

OC<^g>C:NEt or H,,N.CO.N:C:NEt. Car- 

bamine-ethyl-cyamide. [121°]. Formed by the 
action ot ethyl iodide upon sodium carbimido- 
urea (‘ amido-dicyanio acid’). Neutral body 
(Wunderlich, B. 19, 448). 

DI-ETHYL-CABBINOL v. Amyl alcohol. 
Tri-ethyl-carbinol v. Heptyl alcohol. 
DI-ETHYL-CABBIKYL v. Amyl. 
DI-ETHYL-CABBOBENZOIO ACID 0„H„O, 
or C,gH„Oj? [102°]. (239°) at 11 mm. An 
acid formed whenr deoxybenzoin is heated with 
alcoholic EOE (Limpricht a. Schwanert, A. 155, 
66 ; Zagoumenny, A. 184, 163; Anschutz a. 
Berns, B. 20, 1392). Slender needles (from 
ether) . Converted by potash-fusion into benzoic 
and ^-ethyl-benzoic acids. Dilute KL^SO* forms 
crystalline CjgHigOj [132°] and other bodies. 
HNO, gives a di-nitro- derivative [166°]. 

Salts.— AgA-: amorphous.—EtA' : oil. 
ETHYL CABBOHATE C,H,oO, i.e. Et^CO*. 
Mol. w. 118^. (126° cor.) (Kopp, A, 95, 326). 
S.G.V9762. M/ 9 -1-3897. Boo = 46*41 (Brlihl, 
A. 208, 23). H.P.p. 162,600. H.F.v. 149,310 
(Th. 4, 218). H.C. 641,448 (Louguinine, Bl. [2] 
41, 389). V.D. 4*09 (obs. and calc. Cahours). 

Formation, — 1. By the action of potassium 
or sodium on oxalic ether at 130°, the metal 
being added as bng as CO escapes; water is 
then added, and the EtjCO, dried over CaCl, 
and rectified (Ettling, A. 19, 17).— 2. By distil- 
ling a mixture of EEtCX), ^th KEtSO, (Chancel, 
0. JR. 31, 621).— B. By the action of NaOEt on 
occalic ether (Cranston a. Dittmar, C. J. 22, 
441). — 4. From OlCOgEt and KaOEt (Schreiner, 
/.i)r.[2]22, 868). 

Proper^.— Colourless liquid, burning with 
blue flame. Insol. water, v. sot alcohol and 
ether. Chlorine gives products of substitution 


(^hours, A. Oh. [ 8 ] 9, 201). Saturated vrtth 
HBr and heated to 100° there are formed EiBr, 
COj, and water (Gal, G. B. 69, 1049). By heat* 
ing with sodium or NaOEt in sealed tubes it 
yields NaEtCO,, carbonic oxide, and Et,0 
.IGeuther, Z. [2] 4, 666 ). Ammonia at 100° 
forms oarbamio ether ; at 180° ammonia gives 
urea (Natanson, A. 98, 287). PClg gives EtCl 
and ClOO.^t (Geuther, A. 205, 247). 

Potassium ethyl carbonate KEtCO,. When 
CO 2 is passed into a solution of KOH in absolute 
alcohol there is formed a crystalline deposit 
consisting of KEtCO,, KHCO 3 , and K^COj ; the 
mass is washed with ether, the KEtCO* is then 
dissolved in aloohol and ppd. by ether (Dumas 
a. Peligot, A, Gh. [ 2 ] 74, 6 ). White nacreous 
salt ; split up by water into alcohol and KHCO,. 
NaEtCOj and amorphous Ba(EtCOj), are ob- 
tained by passing CO.^ into alcoholic solutions 
of NaOEt and Ba(OEt).. respectively (Beilstein, 
A. 112, 124 ; Dcstrem, A. Ch. [6] 27, 10). 

Ethyl ortho-carbonate C(OEt) 4 . Mol. w. 192. 
(159°). y.D. 6*80 (calc. 6*65). Sodium (21 g.) 
is added in small portions to a boiling solution 
of chloropicrin (40 g.) in absolute alcohol (300 g.); 
as soon as the reaction is finished the excess of 
alcohol is distilled off and water is added to the 
residue ; the oil is then dried by CaCl, and 
rectified (Bassett, C. J. 17, 198), Oil," with 
peculiar aromatic odour. Decomposed by boil- 
ing alcoholic KOH. B..O 3 at 100° forms boric 
ether and EtXO,, Bromine forms EtBrjEtjCO,, 
bromal, Ac. (Ladenburg a. Wichelhaus, A. 152, 
166). Ammonia forms guanidine. 

Btf/mwee : Tetra-chloro-di-ethylcaedonatb. 

ETHYL-CARBOPYRBOL-AMIDE v. Ethyl- 

pyrrole CARBOXYLIC ACID. 

ETHYL -CABBOSTYBIL v. Ethyl ether oj 
OxY-QUiNOLiNE and Oxy-ethyl-quinoline. 

ETHYL CABBYLAMINE v. Ethyl-cabb- 

AMINE. 

ETHYL CETYL OXIDE (C2H,)(C,*H33)0. 
[20°]. Fine white needles. From cetyl iodide 
and EtONa (Becker, A. 102 , 220; Waldor, B. 
20, 1754). 

ETHYL PERCHLORATE C 3 H 3 CIO,. Obtained 
by distilling a mixture of Ba(EtSO ,)3 with 
Ba(C 104)3 in quantities of 4 g. at a time (to 
avoid explosion) (Clark, Hare, a. B^le, P. M. 
[3] 19, 370; Roscoe, 0. /. 16, 213). The distil- 
late separates into two layers, the upper one 
consisting of Water which may be removed by 
blotting-paper. Colourless heavy oil, with 
pleasant odour and sweet taste. Explodes on 
the least provocation with excessive violence. 
It may be kept under water or in alcoholic 
solution. It may b« distilled under a layer of 
water, passing over at 74°. It is immediately 
sapon ified by alcoholic potash. 

ETHYL CHLORIDE G 2 H|C 1 > ChlorO'6thanc. 
Mol. w. 64i. (12*6°) (Regnault, J. 1868, 87). 
S.G. I *9280; | *9171 (Perkin. C. J. 46, 449). 
V.D. 2*22 (calc. >24). H.F.p. (gaseous) 28,000 ; 
(liquid) 84,400 iBerthelot) ; 30,710 (Thomsen, 
H.). H.P.V. 29^60 {Th.). M.M. 4*039 at 6 ° 
(P.). S.V. 76*8 (Ramsay). 

FormaPum. — 1. By chlorinating ethane 
fSohorlemmer, 0. B. 68 , 708; A. 182, 284).— 
2. By the action of HCl on aloohol alone or in 
presence ot ZnOlg (Bobiquet a. Colini i. Ch. [2] 
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448 ; ilBegnauU, A. Oh. t2J 71, 356 ; Eublmann, 
A. 33, 108 ; L5wig, P. 46, 346).— 8. By the action 
of SOI, PCI5, AI3CI,, SbOlj, FoaOl., SnOl4,<feo., on 
alcohol.— 4. From EtI and chlorine.— 6. By 
treating acetic and other ethers with HGl. 

Preparation. — 1. HOI is passed into a boiling . 
solution of ZnOl, (2 pts.) in 96 p.o. alcohol 
(3 pts.) in a flask with inverted condenser. The 
escaping gas is washed with water. The yield 
is nearly the theoretical (Groves, f?./. 27, 637). — 

2. By distilling a mixture of alcohbl (5 pts.), 
H2SO4 (2 pts.), and NaCl (12 pts.). 

Properties. — Gas, burning with green-edged 
flame. V. si. sol. water, v. e. sol. alcohol and 
ether. Gives no pp. with silver nitrate solution 
in the cold. . 

Beactions. — 1. Aqueous HI (S.G. 1*9) at 130° 
converts it into EtI. — 2. SO, forms ClSO.^.OEt 
(R. Williamson, G. J. 10, 100). By-products 
are also formed (Von Purgold, B. 6, 602). — 

3. Aqueous AgNO, at 100° gives a pp. of AgCl 
(G. C. Foster). — 4. Boiling aqueous KOH slowly 
forms alcohol; alcoholic potash acts more 
readily, forming KCl, alcohol, and ether (Balard, 

-A. Ch. [3] 12, 302).— 6. Ammonia forms ethyl- 
amines (Groves, 0. J. 13, 331). Equal volumes 
of CjHjOl and NHg gas submitted to a pressure 
of 70 atmospheres for 48 hours at 176° do not 
react. The introduction of a small quantity of 
alcohol does not affect the result. In the cold 
an alcoholic solution of NH, and OjHgCl requires 
to be kept several days before any action com- 
mences, and the reaction is not complete after 
several months (Vincent a. Ohappuis, Bl. [2] 46, 
503).— 6. Alcoholic K,S and KHS give Et^S and 
mercaptan respectively (Regnault).— 7. Passed 
over red-hot lime it forms acetic acid, OH4, and 
hydrogen (L. Meyer, A. 139, 282 ; cf. Dumas a. 
Stas, A. Oh. [2] 78, 164). 

Derivatives. — Onnono-ETHANEs and Chlobo- 
BROMO-ETHANBfl, EtHYLENB CHLORIDE and EtHYL- 
IDENB CHLORIDB. 

ETHYL-OHLOBO-ACETO-AGETIO ETHER 

V. Ohloro-aceto-acbtio bthbb. 

ETHYL CHLOBO-ACETYLENE CABBOXY- 
no ACID V . Chlobo-butane carboxylic Acm. 

ETHYL - DI - OHLOBO - DI . ALLYL - AMINE 
NEt(C,H4Cl)j. (c. 200). From NH(0,H4Cl)2 and 
EtI at 100° (Engler, Bl. [2] 9, 184; A. 142, 81), 
Oil,— B'aH^PtOL: crystalline. 

Di - ethyl - ohloro - allyl - amine. Eihylo^ 
chloride 0,H401.NEtg01. Two compounds of 
this constitution are formed by heating s-tri- 
chloro-ethane OH2OI.CHOI.OHJ1OI with NEt, 
(Reboul, G. E. 96, 998). They differ in the so- 
lubility of their Pt salts. Two <B-ohloro-propyl- 
enes appear to be intermediate in the formation 
of these ethylo-chlorides. • 

ETHYL o-OHLOBO-ALLYL OXIDE 0,H,010 
i.6. Et.0.CH2.0Cl;0H2. (110°). S.G. « 1-011; 
!il‘ -996. From CH,:CC1.CHX1 and alcoholic 
KOH (Friedel a. Silva, J. IS-f^ 823). Formed 
also from ethyl allyl oxide bs successive treat- 
ment with Cl and KOH (Hemry, B, 6, 189). 

Ethyl ^-ohlwo-allyl oxide 
Et.O.OHj.OH:OH01. (l20°-126°). S.G. ® 1*021 ; 
U‘994. From OH,Ol.OH:GH01 and alcoholic 
KOH (F.a.S.). BrformtBtO.OHa.OHBr.OH01Br 
( 220 °). 

XTHTL-OHLOBOJJinrE ExEXUMXiia. 


DIMETHYL GHLOBO-AHYL FBipSPHATE 
Et2(04H,.0HCl)P04. From C4Hg.CH,.PO(OH), 
by successive treatment with PGL and alcohol 
(Fossek, If. 7, 20). 

ETH YL-CHLOBO-ANILINE v. Chloro-bthil* 

ANILINE. 

TBI - ETHYL - CHLOBO - AUR0PH08PHITB 

EtgPAuClO,. fc. -10°]. S.G. 2 026. Obtained 
by adding absolute alcohol to a mixture of AuGl 
and dry phosphorus and ppg. by wa'ter (Lindet, 
C. B. 103, 1014). Crystalline mass ; decomposes 
about 100°. Insol. water, sol. alcohol, ether, 
and benzene. forms Et3PAuC10,N2H,. 
ETHYL-GHLOBO-BENZENE v. Ghloro- 

KTHIL-BENZENB. 

ETHYL-CHLOBO-BBOMO-PROPYL OXIDE 
Et.CO.CjH5ClBr. (187°). From epiohlorhydrin 
and EtBr at 200° (Reboul a. Louren<?o, A. 119 
238). 

ETHYL CHLOBO-BUTENYL OXIDE 
C,H4C1.0Et. (134°). From CH,.CH:OH.CHClj 
and alcoholic KOH (Kekul6, il. 162, 98). 

ETHYL CHLOBO-BUTYL OXIDE 
CH2C1.0HEtOEt. (141°). S.G. ^ -974. V.D. 
()9-3 (calc. 68*3). From ZnEtj and an ethereal 
solution of di-chloro-di-cthyl oxide (Lieben, A. 
123, 130; 133, 287; 146, 220). Oil, miscible 
with alcohol and ether. 

Reactiom. — 1. HI gives EtI and secondary 
butyl iodide. — 2. With NaOEt it gives butylene 
glycol diethylic ether : CH2(OEt)CHEt.OEt, 
(147°).— 3. PBr, gives CH.Cl.CHEtBr, ethyl 
bromide, and CH^Br.GHEtBr. 

ETHYL-GHLOBO-ETHANE TETBA-CAB- 
BOXYLIC ACID v. Chlobo-butanb tbtra-car- 

BOXYLIO ACID. 

ETHYL - CHLOBO - MALONIC ETHER v. 
Ghloro-ethyl-malonio etheb. 

ETHYL-DI-CHLOBO-PHOSPHINE 0. Ethyl- 

PHOHPHINB. 

ETHYL CHLOBO - ISOPROPYL OXIDE 
CHX1.0H.Me.OEt. (118°). S.G. a *984. From 
ZnMe, and dichloro-diethyl ether (Lieben, A. 
146, 226). PBr, gives MeBr, GH,Gl.GHMeBr, 
and CHjBr.CHMeBr. 

ETHYL-CHLOBO-QDINOLINE v, Ohlobo- 

BTHYL-QDINOLINB. 

ETHYL-CHLOBO-SULPHATE v. Ethyl bul- 


PHATB^^ 

ETHYL CHBYSOUtDIN v. Beneene-kzo-ethyU 
phenylene-diamine, 

ETHYL-OINGHENIO AGIQ v. Cinchene. 
ETHYL-OlNGHONAMINEv. Cinchona bases. 
£THYIr4;iNCHONIC ACID v. Ethyl qcin- 


OLENB OABBOXYLIO ACID. 

ETHYL-CINCHONIDINE v. Cinohonidxne. 
ETHYL-CINCHONINE v. Cinchoninb. 
E THYIr CITBIC ACID v. Citrio acid. 
ETHYL-CODElNE v. Codeine. 
XTHYL-CONHYDBINE v. Gonzinb. 
ETHYL-CONllNE v. Conune. 


ETHYL - CODMAZONIO ACID 0„H,4NO, 
.CMe,.0 

U. OA(00,H)<Q ^ ^ (?). [202°]. Small 


glistening pyramids. V.sol. alcohol, insol. water. 
Formed by boiling (8:4:l)-amido-ozypropgrl- 
benaoio acid with propionic anhydride, 

Balts. — A'H,H01: very solnUe white 
needles.— A'H,H,S 04 : very soluble white needlee 
(Wid«iUUi»Aii$;2676). 

Xl2 
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ETHTL ORfiSYL ETHER. 


ETHTIi OBESTL ETHEB «. Ethyl derwaii\>6 
^ Cbksoii . 

JBT HYL .CBOTONIO AC ID o. Hexenoio aou>. 

ETHYL ISOOBOTYL ETHEB v. Ethyl ether 

of B ot»kt l axiOohol, vol. i. p. 639. 

ETHYlrODHEHE «. Ethyl-pbopil-benzenb. 

BTHYL-CUmDINE C,.H„N i.e. 
0,H,Me,NHEi (220®-230^. Formed by heat- 
ing cnxnidine hydrochloride (1 mol.) with alco- 
hol (I mol.) for 4 hours at 125® (Ruttan, 5. 19, 
2383). 

ETHYL CYAHAMIDE o. Cyanamide under 
Gyabio acid. 

E THY L»€YAHIC ACID v. Ctanio acid. 

ETHYL CYANIDE v. Propionitkile and 
Eth yl cab bamine. 

ETHYL-GYANTJBIC ACID v. Cyanurk acid 
under Oyanio acid. 

ETHYLENE CH,;CH,. Mol. w. 28. 

[-169®] (OlszewskUf. 8, 71) ; ( - 103®) (Cailletet, 
CM. 94, 1224 ; Wroblowsky, M. 4, 338). V.D. 
•9784 (Saussure; calc. *9702). H.F.p. ~ 8,000 
(Favre a. Silbermann) ; - 9,400 (Berthelot, A. Ch. 
[5] 23, 180); -4,160 (Thomsen, J. pr. [2] 23, 
168); -2,710 (Thomsen, Th.). H.F.v. -3,290 
(T/l). OrUiicdl temperature^ 13°. S. -25 at 0® ; S. 
(alcohol) 8*6 at 0® (Carius, A. 94, 133). Dis- 
covered by treating alcohol with HjSO, in 1705 
by the four Dutch chemists ; Deiman, PaJta van 
Troostvryk, Bondt, and Lauwerenburgh {Crell. 
Ann. 1795, ii. 195, 310 ; Oilb. Ann. 2, 201). It 
is a product of the dry distillation of most 
oigamo bodies, e.g. formates, acetates, butyrates, 
fata, resins, caoutchouc, wood, and coal. It is 
the most abundant illuminating constituent in 
coal gas. 

.Forwflfion.— 1. Formed, as well as other 
hydrocarbons, when a mixture of CS^ and H^S 
or HtP is passed over red-hot copper ; or, more 
abundantly, when a mixture of GS^, HjS, and 
CO is passed over red-hot iron (Berthelot, 0. 22. 
43, 286). — 2, Formed together with CII, and 
butylene by the ^ distillation of barium for- 
mate.— 8. By heating a mixture of alcohol (1 vol.) j 
with cono. HgSO, (4 vols.) (Mitscherlich, A. Ch. 
[8] 7, 12).— 4. By heating alcohol (1 pt.) with 
fused B-0, (4 pts.) (Ebelmen, A. Ch. [3] 16, 136). 

5. By die electrolysis of a concentrated solu- 
tion of sodinm succinate (Eekul5, A. 131, 79). — 

6. Together wiUi benzene, by heating styrene 
with hydrogen in sealed tubes (Berthelot, J. 
1^6, 544).— 7. ^ treating ethylidene chloride 
with sodmm (T^ens, A. 187, 311).--8. From 
^yl iodide and sine (E. Frankland a. L. 
Dobbie, 0. J. 88, 545). 

Preparation, — Aloohol (25 g.) and H^SO^ 

M are heated in a flask to 165®, and a mix- 
alcohol (1 pt) and HjSO, (2 pts.) is run 
in slowly. The gas is washed with NaOHAq 
and HJSO^ (Erlenmeyer a. Bunte, A. 168, 64; 
192,244). 

Pn^(«ei.-^-Coloarle68 gas with faint ethereal 
odour (?). V. si sol water, si. sol. alcohol, m. 
sol ether. ethylen^urnt at the rate ot 
6 enbio feet per hbor emits a light equal to 68 5 
standard candles ; the illnminating power of a 
mven onantity of CM* is inoreasod by moderate 
hToo, or CH«,iatbougli tb. 
aotnsl amount of light given per oubio foot of 
the ttiztute is less than tiiat given by pure 
sthylsne. The intiiniio Uluninitting power u 


reduced by admixture with N, GO,, or water* 
vapour, but increased by 0 (P. F. Frankland, 
C. J. 45, 80, 227). It unites directly with 
chlorine, bromine, iodine, NjOf, SjCl,, and SO,. 
It is quickly absorbed by Nordhausen sulphuric 
acid, forming ethionio acid and its anhydride. 
Cono. HjSO, absorbs it, forming HEtSO, ; the 
absorption takes place rapidly at 100®-170®, but 
at ordinary temperature much shaking is re- 
quired. Ethylene forms with water under pres- 
sure a oiystalline hydrate (Villard, C. 22. 106, 
1602). 

Beactums.-^l. When passed through ared-hot 
tube carbon is deposited and marsh-gas formed. 
The decomposition commences at as low a 
temperature as 356®; at this temperature a 
condensation change only takes place, and is 
very slow, requiring 20 hours or more for its 
completion. Heated to 400® for a sufficient 
length of time it is entirely decomposed with 
formation of marsh-gas, ethane, and liquid pro- 
ducts (Day, Am. 8, 163). According to Berthe- 
lot {BL [2j 9, 456) these liquid products contain 
benzene and styrene. Norton a. Noyes {Am. 8, 
362) found benzene, naphthalene, and anthracene, 
as well as methylene, propylene, butylene, and 
crotonylene, CH.^:CH.CH:CH 2 , with CH,, and 
CjH^. When heated in a glass tube to dull red- 
ness with an equal volume of acetylene it appears 
to form butylene (Berthelot, J. 1866,619). When 
a mixture of ethylene and hydrogen is passed 
over platinum, even in the cold, ethane is formed 
(Von Wilde, B. 7, 362). A mixture of ethylene 
and diphenyl passed through a red-hot porcelain 
tube forms phenanthrene, anthracene, benzene, 

I styrene, and naphthalene (Barbier, G. 22. 79, 121). 
2. With oxygen (3 vols.) it forms' a highly ex- 
plosive mixture. When a mixture of ethylene 
and air is passed over red-hot platinum wire 
some acetic acid is formed (Coquillion, C. 22. 77, 
444). When ethylene is oxidised by weakly- 
ozonised oxygen, formic acid and CO.,, result 
(Houzeau a. Kenard, C. 22. 76, 672).— 3. It burns 
in chlorine with a smoky flame : 

CjH,-f2CIj=.2C-f4HCl 

In the dark and in the cold it unites with 
chlorine, forming oily ‘ Dutch liquid ’ CjH,Cl,. — 
4. HI at 100® forms EtI (Berthelot, A. 104, 184; 
115, 114 ; J. 1867, 344). HBr also unites with 
ethylene, but HCl does not— 5. Dry (TCI forms 
CaH^Clj and iodine (Geuther,/. 1862, 421 ; Tho^e, 
0./. 37, 179). —6. Chromic acid solution oxidises 
it to CO, (Ludwig, A. 162, 47). Chromic acid 
mixture forms chiefly oxalic and acetic acids 
(Zeidler, A. 197, 243) ; Berthelot (C. 22. 68, 334) 
found even aldehyae.— -7. Poiasevum perrmn- 
ganate solution containing HjS 04 is decolourised 
by ethylene, CO, and formic and ^tio acids 
being form^. Neutral and alkaline EMnO^ 
forms chiefly oxalic acid and CO,, together with 
a little formic acid (Zeidler ; Truohot, 0, 22. 63, 
274 ; Berthelot, 0. 22. 64, SQ. Neutral KMnO, 
solution forms also glvcol (Wagner, 25. 21, 1230). 
8.— Fuming HNO, absorbs it, forming oxalic 
acid.— 9. CISO^ absorbs dry ethylene with 
rise of temperatnre ; at 90® isethionio anhydride 
C,H 4 S 0 , is formed, but if the snlphurio chlor- 
hydrin be kept cool and the prodnet poured into 
water an OiH,SO,Cl (154®), smelling like 
mustard oU, is obtained; this oil is converted 
by water at 100® into isethionio acid, and bj 
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iry HfEn into deliquescent tables of CjE^NSO, 
(Baumstark, £/, 1867, 666). -*10. Boron fluoride 
at 80° in sunlight forms GjHsBF,, an ethereal 
liquid (126°) S.G. aa 1.0478, VJD. 2-66, which 
fumes In the air. It is decomposed by water 
into ethylene, H,BO„ and HF (Landolph, C. B . ' 
86, 671, 1267; 89,173). This ‘fluoboro-ethylene’ 
acting upon camphor at 200° forma a hy^car- 
bon OijH,,.— 11. Ethylene and HBr passed over 
AI^BTs form AlBrs04H„ and ethyl bromide. 
C.;H4, HCl, and Al^CL give AICISC4H8 (Gustavson, 
J. pr. [2] 84, 161). At the same time saturated 
hydrocarbons are formed — very little at 0°, much 
at 70° ; they are formed by the simultaneous ac- 
tion of C2H4 and HBr on AlBr^C^H^. Ethyl 
bromide at 60° acts like mixed with HBr. 
AlBrgOiHj gives saturated hydrocarbons, not 
only with C2H4 and HBr, but also with EtBr, 
I’rBr, isobutyl bromide, and MeBr. In all these 
cases the AlBrjC^H, becomes richer in carbon. — 
12. Chloride of sulphur forms S^(Cri^.CH^Cl)2 
(Guthrie, A. 119, 91 ; 121, 108 ; Spring a. 
Lccrenier, BL [2] 48, 629). — 13. CljO forms 
chiefly CH.Cl.CO.O.CHj.CH.Cl (chloro - ethyl 
chloro-acetate (Mulder a. Bremer, B. 11,1968). — 
14. HCIO forms CHjCl.CH^OH (Carius, A. 126, 
197). —16. A solution of PtClj in cone. HClAq 
forms C2H4PtCl2 (Birnbaum, A, 146, 69). The 
same compound is formed by boiling PtCl4 with 
alcohol (Zeise, P. 21, 497, 542 ; 40, 234 ; Griess 
a. Martius, Pr. 11, 609). It is a yellow mass, si. 
sol. water; decomposM by light. In aqueous 
solution it is unstable unless HCl is present. 
KOH ppts. on warming an explosive powder. It 
f oi nis the following combinations : NHjCjH^PtCl.^ : 
yellow pp. — 51H4ClC2H4PtCl2 aq ; lemon-yellow 
prisms, — KOlC.,H4PtCl2 aq. — IQlrC.H^PtBrjaq : 
pale-yellow needles (Chojnacki, Z. 1870, 421). — 
C2H4Pt2Cl4(EtjP03)2 (Sohiitzenberger, Bl, [2] 18, 
103). The corresponding NH4ClC2H4lrCl2 and 
(KCl^H4)2lrCl2 may also be prepared (Sadtler, 
Bl. [2] 17, 64). — 16. When ethylene is passed 
into cone, aqueous FeBr2 in sunlight there 
are formed greenish deliquescent crystals of 
C_.H4FeBr2 2aq (Chojnacki). The corresponding 
C.^H^FeClj 2aq is got by heating ether (50 g.) with 
Fe2Cl8 (6 g.), P (J g.) and CS , (^ g.) at 100° (Kachler, 
B. 2, 610). 

Derivatives of ethylene : v . Bromo-, Bromo- 
NITB0-, DhoMO-iono-, Chloro-, Chlobo-nitro-, 
Chloro-iodo- &o. ethylene. 

ETHYLEHE-ACETOACETIC ACID v. Aceto- 

AORTIC AOm. 

ETHYLENE ALCOHOL v . Glycol. 

ETHYLENE - ORTHALDEHYDE 9. Alde- 
hyde. 

ETHYLENE-DI-ALLYL-DI-THIO-DI-UREA 
C2H4 (NH.CS.NHCjHj) 2. From ethylene-diamine 
and allyl thiocarbmiide (mustard oil) in alcohol. 
Brownish oil, miscible with chloroform and with 
alcohol. Has an unpleasant odour (Lellmann a. 
Wiirthner, A. 228, 234) 

ETHYLENE - Bl . m - AMIDO - DIBENZOIC 
ACID C2H4(NH.C8H4.C02H)2. [2f2°-226°]. From 
ethylene bromide and m-amido-benzoic acid by 
boiling 24 hours in alcoholic solution (Schifif a. 
Parenti, A. 226, 244). Hardly sol. water, soL 
boiUng alcohol. Insol* dilute HCl, sol. aqueous 
KaOH. With KOH (4mols.) and EtI (6mols.) 
It forms needles of 

BbU.-OuA"h* 


ETHYLENE- DI.i3-AUID0-DI.(ci).CR0T0NI0 
ACID C,oH„N204i.e. C2H4(NH.CMe:CH.COgH)2. 
[168°]. Obtained by saponification of the ether 
or by heating ethylene diamine with three times 
its weight of acetoacetic ether for an hour at 
140°. White silky scales. V. sol. water and 
hot alcohol, si. sol.* ether, benzene, and cold 
alcohol. Gives a violet colouration with FCjClj. 

^ Di-ethyl ether A"Et2: [127°] ; obtained by 
mixing ethylene-diamine and acetacetic ether in 
aqueous or alcoholic solution; large white 
prisms ; sol. hot alcohol, ether, and benzene, si. 
sol. these solvents when cold, insol. water ; cone. 
HCl decomposes it into acetacetic ether and 
ethylene-diamine iMason, P.20, 273). 

ETHYLENE-DIAMINE CjEgNji-e. 
NH2.CH2.CH0.NH2. Mol. w. 80. [8°]. (117°). 
V.D. 2 00 (calc. 2*08). S.G. *902. 

Formation.— 1. From ethylene bromide and 
alcoholic ammonia in the cold (Hofmann, Pr. 9, 
164; 10, 224 ; cf. Cloez, J. 1853, 468).- 2. From 
ethylene chloride and alcoholic NH, (20 mols.) 
(Lellmann a. Wiirthner, A. 228, 226). The 
fraction (70°-100°) from the preparation of 
chloral contains ethylene and ethylidene 
chlorides, and if it be heated with alcoholic 
NH, at 110° for 9 hours, the ethylene chloride is 
converted into the diamine, while the ethylidene 
chloride is not affected (Hofmann, B. 4, 666).— 
3. From chloro-ethylene and NH,at 160° (Engel, 
Bl. [2] 48, 96).— 4. By reducing cyanogen with 
tin and HCl (Fairley, A. Suppl. 3, 372). 

Preparation.— k nearly theoretics yield of 
the hydrochloride is obtained when ethylene 
chloride (42 g.) is heated in a sealed tube to 116°- 
120° with 33 p.c. aqueous ammonia (610 c.c.). The 
crystals are washed with absolute alcohol until 
the washings cease to colour Nessler’s solution. 
The alcohol yields a fresh crop of crystals con- 
taining ammonium chloride and di-ethylene- 
diamine hydro-chloride. The hydrate of the free 
base is obtained by the addition of freshly fused 
and powdered caustic soda to the chloride, then 
adding soda-lime and distilling. The anhydrous 
base is obtained from this hydrate by again 
heating with fused soda in a sealed tube foi; 
several hours (Kraut, A. 212, 254); 

Pro^jcrfics.— Volatile alkaline liquid; it is 
very difficult to dry, requiring treatment with 
sodium. V. sol. water. It forms a hydrate 
B"aq [10°] (118°). S.G. *970, not miscible 
with benzene or ether. • 

Reactiom.~l, Nitrous acid forms nitrogen 
and ethylene oxide.— 2. EtI forms C2H4N2H4Et^, 
whence C2H,N2H2Et2 aq, which is in turn con- 
verted by EtI into Cj5H^N2H2Et4l2, whence moist 
AggO yields a volatile base whence CiHfNjHBt,!, 
and O^HiNjEtgl, may be obtained. The two 
last iodides when treated with moist kg^O leave 
fixed bases. C2H4N2M e J... has also been prepared. 
The compound C2HjN.2Et,By5r2 may also be 
obtained from ethylene-diamine and di-ethyl- 
amine (Hofmann, i^r. 11, 423) ; it gives 
C*H4N,Et4(HAuCl4),. C2H4N,H4Bt,Br, is one 
of the products of the action of ^ ethyd- 
amine on 0,H4Br2 ; the oorresTOnding bm 
C3H,N,H^t,aq crystalline ; it may be dehydrate 
by repeated distillation over iMUTta, wW ^ 
y.D. (H- 1) is 67*61 (calc. 68). Thehydratild 
base 0|H4N,H^t,aq has aVJ). 88*2,wowi4g 
dissooiation (Hofmann, Br* 10, 697)* B7 Ad* 



firaTIiENE-lHAlflOTl. 


M 


hobating dqual mok. of bensil and ethylene^ 
diamine hydrate lot ^ hour, a base O.eHwN, 
0,H,.0=N.0H, 

possibly I I is formed [161®]. 
0,H4.0=N.CH, 

Yellowish prisms^ V. sol. ether, benzene, and 
hot alcohol, sparingly in •cold alcohol, insol. 
water. By hot cone, mineral acids it is split up 
into ethylene diamine and benzil (Mason, B.20, 
268). — 4. CSj in presence of alcohol forms 
CjH^NJH^OSj which may be crystallised from 
water. Boiling aqueous HgCl^ converts it into 
ethylene thio-urea (Hofmann, B. 6, 241).— 6. 
Pywcatechm heated with ethylene-diamine 

hydrate at 205® forma [97®J 

(Merz a. Bis, B. 20, 1190).— 6. Benzoic aldehyde 
at 120® forma di-benzylidene-ethylene-diamine 
(PhGH;N)jC 2 H, [64®] (Mason, B. 20, 270). 
Substituted benzoic aldehydes act ii^ the same 
way. — 7. When ethylene diamine hydrochloride is 
heated it is partly converted into ethylene-imine 
C 2 H 4 NH(Ladenburg a. Abel.B. 21, 758) .—8. Hexa- 
chloro-acetone forms C-H^NgH^CjCljO [200®]. 
Fenta-chloro-acetone forms CoH^NaHjCjHCip 
which crystallises from ether in fan-shaped 
plates (CloSz, A. Ch. [6] 9, 146).— 9. Carbonic 
ether at ISO*^ forma white needles of ethylene- 

urea C 2 H,<^^g^CO. [131®] (Fischer a. Koch, 

A. 232, 227).— 10. Di-methyl-viethylene ^iketone 
CHjACj forms a solid 0 , 2 H,,nN 202 [111®], which 
forms a violet copper salt [137°], and a hydro- 
chloride B^HjCl, (Combes, Bl [2] 50, 547). 

Salts.— B^HjClj : long silvery needles, insol. 
alcohol.— B 'HjPtClg ; yellow plates (Griess a. 
Martins, A. 120, 327).-B''(HSCy)2 : [c. 145®] ; 
prisms, v. e. sol. water, v. sol. alcohol, insol. 
ether. Split up by heat into ammonium sulpho- 
oyanide and ethylene thio-urea (Hofmann, A. 70, 
143).— Sulphate: dimetric crystals (Von Lang , 
C. C. 1872, 1781. 

Di -formyl derivative 02H^N2H2(CH0)2. 
From ethylene-diamine and chloral. Syrup 
(Hofmann, B. 5, 240). 

Di -acetyl derivative C.H^jNHAc)^. 
^72®]. Colourless needles. SI. sol. ether. 
Forms a crystalline aurochloride B'HAuCl^ and 
platino-chloride B'-.H^PtCl,. When heated 
in a current of dry HOI it forms ethylene 

scetamidine C 2 H/<^j^^j^CMe [88°] (223°), of 

which the aurochloride B'HAuCl, and platino- 
ehloride B',Hj^tCI, are crystalline (Hofmann, 

B. 21, 2382). 

Beneoyl derivative C^H^NjH^Bzj. [249®] 
(Kraut a. Schwartz, A, 223, 43). S. (alcohol) 
•076 at 22®. Needles (from alcohol). Insol. 
water. When heated in a current of dry HCl it 

forms ethylene-benzamidine C 2 H^<;^jj^^CPh 

[101°], of which the salts B'HAuCl, and 
B'jH^tCl, are crystalline ^Hofmann). 

Bi-ethylene-diainina C4H,oN2 ** 

NH<^J>NH. (c.170®). V.D. 2-7 (calc. 2*9). 

Formed, together with ethylene-diamine and tri- 
ethylene-diamine by the action of ethylene chlo- 
rideonalcoholic ammonia (Hofmann; Natanson, 
A> 98, 291). Alternate treatment with £tl and i 
moist sdvet oxide yields three bases, one vola* { 


I tile and two fixed. The corresponding iodides 
[are ( 02 H 4 ) 2 N 2 H 2 Ey„ (CjHJjNjHEtjIa, and 
(CjHJjNaEt^I,. Mel forms (C 2 H 4 ) 2 N„Me,l 2 . By 
the action of ethylene bromide on ethylamine 
there is formed (OjHJjNjHjEteBro, as well as 
' CjHjN^H^EtgBrjj. On distilling the former with 
baryta the free base (CjHJjNaEta (185°) is oh- 
tained. 

Trl-ethylene-diamine C,H,,.Nj i.e. (OH,),N... 
Mol. w. 112. (o. 210°j. Formed by tne action 
of NHj on ethylene chloride (Hofmann, Pr, 10, 
104). 

Di-ethylene-triamine C^H^Nj 

1. «. NH(C, 2 H,NH. 2 ),>. (208°). The bromide 

(CjH,)jN,HgBr, is among the products of the ac- 
tion of ammonia on ethylene bromide (Hofmann). 
The portion of the bases boiling from 200"* to 
220° consists almost wholly of di- and tri- etliyl- 
ene-triamine, which may be separated by crys- 
tallisation of their platinochlorides. Strongly 
alkaline liquid, miscible with water and alcohol, 
almost insol. ether. Neutralises acids completely, 
giving beautifully crystallised salts, generally 
V. sol. water, si. sol. alcohol, insol. ether. The 
aqueous solution is not ppd. by KOHAq, but 
solid KOH causes the base to separate as a liquid 
layer, which rapidly absorbs CO., from the air.— 
B'"H,C1,. — B'"H.,Cl 2 . — B'",,3H>tCl8 : golden 
needles; cannot be recrystallised without de- 
composition. — B'"H.PtCl,. — B"' HaPtCL. — 
B'"HClHTtCl...-B%H,Cl,H.,PtClg. 

Among the products of tiie action of ethyl- 
amine on ethylene bromide are salts of the 
ethylated di-ethylene triamines (C.,lIj) 2 N,H,Et, 
and (C 2 H,). 2 N 3 H 2 Et„ which boil at about 220® to 
250°, and of which Hofmann {Pr, 11, 420) has 
prepared the following salts : (C 2 H 4 ) 2 NsHjEt 2 Cl, : 
nacreous leaves; differs from the hydrochlor- 
ides of related bases in being insol. alcohol.-- 
(CH 4 ) 2 N,H 3 Et,l 2 .- ( 0 .,H,).,N 2 H„Et 2 l 3 ; deposited 
only when excess of hydne iodide is preseut.— 
(C2H,)2N2H,Et,23HN03. — Platinochioride 
[(C2H4)2N2H2Etg}23H^tClg. The formation of 
(C H^) 2 N»H 3 Et 2 must be ascribed to the presence 
of NH, in the ethylamine used. 

Tri-ethylene-triamine (C 2 H,) 3 N,Hj. (21G°). 
Formed as above. Its tnacid salts are only 
formed in presence of a large excess of acid, 
feebly acid solutions depositing salts with 1 or 2 
equivalents of acid. — B"'j3H2PtClg ; Irtag golden 
needles, more soluble in water than the platino- 
chlorides of di-ethylene-triamine and of the 
ethylene-diamines. Decomposed by recrystalli- 
satjjon.— B'^SHAuCl, : yellow plates, sol. water, 
alcohol, and ether ; may bo recrystallised from 
water, but decomposed by long boiling therewith, 
gold being ppd.— B"^H.jBrj. 

The ethyjated derivative (C. 2 H^) 3 N,Et, is an 
alkaline oil, boiling between 220° and 260°, 
formed by the action of ethylamine on ethylene 
bromide ; it forms a platinochioride B”'a3H.PtCla. 

Tetra-ethylene-triamine (OjHJjNjH. A mix- 
tore of the hydiobromides of this base appears 
to be deposited ^en ethvlene bromide is mixed 
with alcoholic and left to itself for several 
months (Hofmann, B. 8, 762). Combines with 1, 

2, or 3 equivalents of forming amorphous 
s^ts, insoL water, alcohol, and ether. By pro- 
longi^ boiHng with ammonia the corresponding 
hydroxides ars got in an amorphous unorystai» 
Usable form, insol. water, alcohol, and ether. 
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frl-ethylene.tetramlne (CaHJ^N^H,. Oocura 
among the products of the action of ethylene 
bromide on ammonia, but is best obtained pure 
by treating ethylene-diamine with OjE^Bra, and 
separated from its hydrobromide by moist Ag^O. 
Strongly alkaline liquid. — B‘''2B[2PtOIa : pale yel- 
low, amorphous, powder, almost insol. water. 
By the action of diethylamine on ethylene brom- 
ide at 100° there is formed (02H^)3N^Et8H2Br<, 
together with the compound (CaH4)l^Et4EfaBr2 
already mentioned. If the mixture f)e treated 
with AgjO and the liberated bases distilled with 
steam the volatile diethylamine and tetra-ethyl- 
ethylene-diamine pass off, while the fixed octo- 
ethyl-tri-ethylene tetrammonium hydroxide 
(C2H4)3N4Et9H2(OH)4 remains behind. It forms 
the following salts: (C2H4)3N4Et«H2Cl42PtCl4 : 
small crystalline plates, almost insol. water.— 
(C2H4)3N4EtgK4Cl44AuCl3. — (C2H4)3N4Et3H2l4 J 
white crystals (from alcohol) ; v. sol. water. 
Further treatment with Etigivea (C2H4)3N4Et9Hl4, 
which forms very fine crystals ; m. sol. alcohol. 

Penta-ethylene tetramine (02114)5^4112. When 
ethylene bromide is heated with ethylamine to 
100° the following products result, besides 

NEtHsBr : C2H4N2Et2H4Br2~(C2H4)2N2Et2H2Br2 
- (C2H4)2N3Et,H5Br, - (02H4)3N3Et3H,Br3 - 

(C2H4)5N4Et4H2Br4— (02H4)3N4Et4Br4. The bases 
corresponding to tne first four salts have 
already been mentioned as being volatile. The 
product is therefore treated with moist AgjO and 
then distilled with steam ; the residual liquid is 
powerfully alkaline and consists chiefly or alto- 
gether of (C2H4)jN4Et4H2(OH)4. The salts of this 
base crystallise with difficulty. Hofmann de- 
scribes (02H,)4N4Et4H2Cl,2PtCl4 and the auro- 
chloride (02H4)5N4Et4H2Cl44AuCl3 as amorphous 
or indistinctly crystalline and si. sol. water. EtI 
forms (C2H4)5N4Et5Hl4 and (C2H4)5N4Et3l4. 

Hexa-ethylene tetramine (G^4 )bN 4'. The 
ethylp-bromide (C2H4)9N4Et4Br4 is formed as 
above, but is better prepared by the action of 
ethylene bromide on C,H4NJEt2H2 or (C2H,)2N2Et2. 

ETHYLENE DIISOAHYL DISULPHIDE 
G,H4(S05 Hj,) 2. (246°-256°). From ethylene 

bromide and sodium isoamyl mercaptan (Ewer- 
lof, B. 4, 716). Gives C2H4(SOC5H„)2[145°-160°] 
on oxidation. 

ETHYLENE- ANILINE v. Di-phenyl-ethtl- 

ene-duiAne. 

ETHYLENE-BENZOATE 0 . Benzoyl deriva- 
live of Glycol. 

ETHYLENE-DI.BENZOYL CAEBOXYLIO 
ACID V . Di-phenyl-exhylenb diketome ^ar- 

BOXYLIO ACID. 

ETHYLENE-BENZYL-CAEBOXYLIC ACID 
r. Di-phenyl-butane di-c^oxylic acid. 

ETHYLENE BBOMIDE 03H4Br2 i.e. 
OHjBr.OHjBr. Dubromo-ethane. [9-2°]. (131^ 
cor.). S.G. H 2-1890; |f 2-1720 (Perkin) ; 
21767; 2-1901 (Thorpe, 0. J. 37, 177); 

2-17C8 (Weegmann, Z. P, 0. 2, 218). O.E. 
(0°-10«) -00096 ; (0°-100°) -OOlOei. V.D. 6*49 
(calc. 6-66). M.M. 9*700 at J^2° (Perkin, C. J. 
45, 622), S.V. 91*66 (Sohiff) ; 97-06 (Thorpe). * 

Formation^ — 1. By combination of bromine 
with ethylene (Balard, A. Oh. [2] 82, 876; 
L5wig, Dos Brom, Heidelberg, 1829 ; Semllas, 
A. Oh. [2] 89, 228; D’Areet, J. pr. 6, 28; 
Kegnaolt, A» Oh, [2] 69, 868 ; Hofmann, 0. /. 


18, 67).— 2. By bromination of ethyl bromide In 
presence of AljBr^ (Tavildaroff, B. 6, 1469 { 
18, 2403; Bl. [2] 34, 346). 

Preparation. — Ethylene is passed through a 
series of bottles containing bromine oovere dby 
water; the product is washed with alkali, dried 
with CaClj, and distilled (Erlehmeyer a. Bunte, 
A. 168, 64). 

Properties. — Colourless liquid with pleasant 
smell ; below 9° it is a crystalline mass. Insol. 
water, sol. alcohol and ether. 

Beactions. — 1. Alcoholic potash on boiling 
gives vinyl bromide and acetylene.— 2. KHS 
forms 02H4(SH)2.-3. K2S gives C2H4S anS 

S H4S2. — 4. Ag04c produces C2H4(OAc)2.— 6. 

coholio KOAo forms C2H4(OH)(OAc).— 6. KOy 
forms C2H4(CN)2. — 7. Ammonia forms ethylene- 
diamine, di-ethylene-diamine, tri-ethylene-di- 
amine, &c. — 8. Water at 160° forms aldehyde 
(Carius, 4*131, 172); Kriwaxm(Z.[2]7,263) ob- 
tained no aldehyde. But when excess (26 pts.) of 
water is used at 100° glycol is formed (Niederist, A. 
196, 354). Water and PbO at 220° form aldehyde 
(Eltekoff, B. 6, 668; Nevole, B. 9,447). — 9. Alco- 
hol at 100° gives water, aldehyde, ethyl bromide, 
and ether (Carius). — 10. Fuming H2SO4, SO, or 
ClSO,H at 100° form CH2Br.CH2.SO4H (Wro- 
blewsky, Z. [2] 4, 663 ; 6, 281).— 11. Deduced in 
presence of water or alcohol by zinc slowly, but 
more quickly by the coppcr-zinc couple, the pro- 
duct bdlng ethylene (^Gladstone a. Tribe, 0. J. 
27, 406). Ethylene is also formed by heating 
C2H4Br,2with aqueous KI.— 12. Water andAg.^COj 
form glycol. Water and Ag.p give aldehydt 
(Beilstcin a. Wiegand,B. 16, 1368).— 13. Ag^SO. 
in benzene forms (CH2Br.CH«),,S04. Agj(S04 ir 
water gives (CH2Br.CH,jSO;H (B. a. W.).- 
14. Ethylene bromide (188 g.) boiled with watei 
(1,000 g.) and KOH (112 g.) is completely con 
verted (in 6 hours) into EBr and vinyl bromidt 
(Stempnewsky, A. 192, 240). — 16. Boiling wit! 
dilute NajCOj forms glycol. — 16. Boiled wit! 
aqueous sodium sulphite it probably forms sodu 
isethionate, thus: C2HllBr„-i-Na2SO,-f HjC 

= H0.C2H4.S03Na + NaBr + IU3r (James, C. 0 
43, 44), as well as ethane di-salphonio aou 
(Strecker, A. 148, 90).-17. SbCl, form 
CH2Cl.CH.3r (Henry, O.R. 97, 1491).-18. Et^f 
forma EtBr, (C2H4)2S2, EtjSBr, and perhapi 
(C2H4).2S2EtBr (Dehn, A. Sttppl. 4, 83 ; B. 2, 479 
Masson, C. J. 49, 253).— 19. Fuming HNO 
forms bromo-acetio acid and CBr2(N0.2)2 (Each 
ler, M. 2, 669).— 20. Boiling cone. HIAq form 
ethylene iodide (Sorokin, Z. 1870, 619).~ 
21. With sodium - acetO’acetic ether it give 
CH3.COV ^CHj 

I , acetyl-trimethylene oai 
COoEK \0H3 

boxylio ether and very small quantities c 
OH,.C-O.CH, 

B I (Perkin, jun., 0. J. 61, 822 

C03Et.O CHj 

22. Di-sodium acetone di~carboxylic eihe 
• CO,Et.CHa.COv yCBL 
forms yCkf I . ThejMultin 

COjEK ^CHj w 

acid when boiled with water gives acetyl-prop;; 
alcohol and 200, (Perkin). — ^23.*^ Potassiw 
vhthdlimide at 200° forms bromo-ethyl-phtha 
Imide 0 ^ 0 , 0 ,N. 0 aH 4 Br which when heat! 
with concentrated hydrio bromide at 19C 
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forma the hydrobromide of bromo-ethylamine 
Diluted H,S 04 

decomposes bromo-ethyl-phthalimide forming 
oxyethylamine CHjOH.CH-NH- (Gabriel, B. 
21, 566). 

!ETSnrL£27!E SiR01x0-I0DID£ v* Dnouo*'' 

lODO-BTHAKB. , 

ETHYLENE CAEBAMATE CjH,(OCONH2)j. 
[149°]. Formed by the action of chloro-formio 
amide on glycol, the later being in excess (Gatter« 
mann, A. 244, 42). Crystalline flocculent mass. 
SI. sol. ether, GS., v. sol. hot \rator, alcohol, 
HOAo. 

ETHYLENE BI-CAEBAMIC ETHEB 

CjH^fNH.CO.OCjHg),. EtXylcjie diurefhane. 
[112‘^j. Prepared by adding ethylene-diamine 
to an ethereal solution of ethyl chloro-carbonate 
and purified by distillation under BO mm. Colour- 
less needles. V. sol. alcohol and ether, v. si. sol. 
water (Fischer a. Koch, A. 232, 228).' 

ETHYLENE CAEBONATE C^H^CO^. [39°]. 
(236°). From glycol and COCl, (Nemirowsky, 
J, jpr. [2] 28, 439). Needles (from ether). V. 
sol. water, alcohol, and warm ether. 

ETHYLENE DI-CAEBOXYLIC ACID i;. Fu- 

MASIO ACID. 

Ethylene tetra-carboxylio acid CaH^O* i.e, 
(C02H)jC:C(C0jH)2. The free acid decomposes 
very readily. 

Salts.—KJHjA"": from the ether by cone. 
KOHAq.-Ca A."" 7aq.— Ag^A"". 

Ethyl ether Et,A'"'. [58°]. (325°-328°). 
Formed by the action of NaOEt on chloro-ina- 
Ionic ether (Conrad a. Guthzeit, A. 214, 76). 
Formed also by the action of iodine (2 mols.) on 
di-sodio-malonio other (2 mols.) in absolute al- 
cohol (Bischofl a. Bach, B. 17, 2781). Monoclinic 
tables. V. e. sol. ether or boiling alcohol, insol. 
water. Does not combine with bromine. Pre- 
pared by digesting chloro-malonic ether, diluted 
with anhydrous ether, for 20 hours with sodium ; 
yield 50 p.c. of the theoretical. By heating with 
alcohol and aqueous HCl to 190° it yields fu- 
maric acid. By zinc-dust and HCl it is reduced 
to ethane tetra-carboxylic acid (Conrad a. Guth- 
aeit, B, 16, 2631). 

ETHYLENE CHLOEETDEIN v. Cnnoao- 

ETEVL ALCOHOL. 

ETHYLENE CHLOEIDE C,H,CIj 
i.e. 0H,C1.0HjCl. Di-chloro -ethane. Mol. w. 99. 
(83*6°) (Thorpe, C. J. 87, 182) ; (83*7° cor.) (Per- 
kin, 0./. 46, 625). V.D. 3-42 (calc 3-42). S.G. 
0 1-2808 (Th.) ; 1-2666 (Schiff , A. 220, 96) ; 

1-2621 (Brdhl, A. 203, 10); 1-2501 (Weegraann, 
Z. P. C. 2,218) ; « 1-2699 ; f ? 12480 (P.). C.E. 
(0°-10°) -001162 ; (0°-60°) -001218 (T.) ; (9-8° to 
k-8°) -001269 (8.). S.V. 85-34 (Thoiq^e) ; 87*2 
(Ramsay); 85-24 (Schiff). M.M. 6-485 at 14-4° 
(Perkin), /ti, 1-144 (W.). ftp 1-4602. B^^ 34-12 
(B.). H.F.p. 34,280 (Th.). H.F.v. 33,120 (Th.). 

Discovered in 1796 by the four Dutch chemists 
(v. Ethvlekb) and henpe called * Dutch liquid.’ 
Produced by admitting Ethylene and moist 
chlonne simultafleonsly into a large globe. It 
may alib be prepared bypassing ethylene through 
a slightly heated mixture of MnO, (2 pts.), NaCl 
(B pts.), water (4 pts.), and EijSO^ (6 pts,). 
Formed also by passing ethylene into SbCl*. 
The product obtained from any one of these re- 
actions is washed with alkali, dried over CaCl^ 


and rectified (Liebig, A, 1, 213 ; 9, 20 ; Dumai, 
A. Ch. [2] 48, 186 ; WShlcr, P. 18, 297 ; Laurenjk, 
A. Ch, [2] 63, 377 -, Begnault, A. Ch, [2] 68, 801; 
69,261; 71, 871; Limprioht, A, 94,246; Ma- 
laguti. A, Ch. [3] 16, 6, 14 ; Pierre, C. R. 26, 
430). It is formed also by heating glycol with 
excess of HCl in sealed tubes at 100° (Schorlem- 
mer, G. J. 89, 144). It is obtained in large 
quantity, together with some of its chlorinated 
derivatives, from the by-products in the manu- 
facture of chloral (Krdrner, B. 3, 257). 

Properties. — Oil, with sweetish odour; sol. 
alcohol and ether. Dissolves phosphorus. Not 
affected by at 100°, but at 130° carbon is 
separated (Oppenheim, B. 2, 212). Bums with 
green flame. Ethylene chloride may be used 
with great advantage as an anapsthetio in opera- 
tions on the eye (Dubois a. Roux, Compt, rend. 
Soc. Biol. 4, 584 ; C. B. 108, 191). 

Reactions. — 1. Its vapour passed through a 
red-hot tube forms carbon, naphthalene, chloride 
of carbon, &c. — 2. When covered with water and 
exposed to sunshine it is decomposed, yielding 
HCl and acetic ether. — 3. It is chlorinated by Cl 
in heat or light. — 4. Dry ammonia does not act 
upon it, but when dissolved in water or alcohol 
it forms the various ethylene-amines (Kobiquet 
a. Colin, A. Ch. [2] 1,213; 2, -206).— 5. PoUis^ 
sium attacks it violently, forming hydrogen, 
vinyl chloride, and other products.— 6. Aqueous 
potash has little action, but alcoholic potash 
gives ethylene and vinyl chloride (Maumen6, C. li. 
68, 931).— 7. KHS, KjS, K^S.,, and KCyS give 
the corresponding ethers of ethylene.— 8. PCl^ 
at 190° yields CHCl^.CH.Cl (121°-133°) and 
CHClyCHCli (133°-14G°) (Colson a. Gautier, 
A. Ch. [6] 11, 31). 

ETHYLENE CHLOEO-BEOMIDE v. CnLoao- 

BEOMO-ETHANE. 

ETHYLENE CHLOEO-IODIDE v. CiiLor.o- 

lOno-ETHANE. 

ETHYLENE CHLOEO-THIOCYANATE v. 

CnLOIiO-ETHYL BULPHOCYANIUB. 

ETHYLENE CYANIDE v. Nitrile of StJCCiNio 

ACID. 

ETHYL-DI-ETHYL-DI-AMIDO-DI-BENZOIC 
ACID. Ethylether. C^^{mtC,'E^.CO.^t)i. [98°- 
100°]. From C^, (NH,C*H,. 00,11)., by KOH and 
lEt (Schiff a. Parenti, A. 226, 246). Doubly re- 
fracting prisms (from alcohol). Insoh water. 

ETHYLENE-ETHYL-AMINES v. Ethyl deri- 
vatives of Ethylene-amtnes. 

ETHYLENE DIETHYL CAEBONATE 
C 2 H 4 (O.CO,Et).,. (226°). From sodium glycol 
Cj^ 4 (ONa )2 and CiCOjEt in ether (Wallach, A. 
226, 82). Split up by long boiling into carbonic 
ether and ethylene carbonate. 

ETHYLENE-ETHYL-PHOSPHINE v. Ethvi.- 

PHOSPHINE. ' 

ETHYLENE-DI-ETHYL DI-SELPHIDK 
"CjEdSEt),. (212°). Formed by adding ethylene 
bromide to a boiling solution of sodium mercap- 
tide (1 pt.) in ether (8 pts.) (Ewerlaf, B. 4, 716 
Beckmann, J.pU. [2] 17, 468). Decomposed by 
heat. ConverStt^y EtI at 100° into SEt,I and 
CaH.Sj (Braun, B. 20, 2967). 

ETHYLENE-DI-ETHYL DI-SDLPHONE 
C2H.(S02.Et){f. Ethylene disulphmio ether. 
[187^. Formed by oxidising ethylene-di-ethvl 
m-Bulphoxide with EMn 04 (Ewerlbf; Beck- 
mann, JT. nr. [21 17, 468). ^so from aodium 
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snlphlnate and othylene bromide, and I 
{rom Bodiom ethylene disulphinate and EtBr | 
(Otto a. Casanova, J. $r. [2] 80, 172 ; 86, 438j. 
Short needles, sol. hot water and alcohol, si. 
sol. ether, benzene, CHC1„ and cone. HNO,. Not 
affected by reducing agents, POlj, or KMnO«. 
Nascent hydrogen in alkaline solution converts 
it into sodium ethane-sulphinate and alcohol. 
Successive treatment with aqueous KOH and 
BzCl gives SO2Et.CH2.CH2.OBz [118®]. It is 
uncertain whether ethylene di-ethyl di^ulphone 
has the constitution C2H4{S(02).Et|2,or whether 
it is not rather the ethyl ether of ethane disul- 
phinic acid, under which it has also been de- 
scribed. 

ETHYLENE-DI-ETHYL DI-SULPHOXILE 

C2H4(SOEt)2. [170®]. Got by oxidising ethyl- 
ene-di-ethyl di-sulphide with HNO3 (S.G. 1*2), 
neutralising, evaporating, and extracting with 
alcohol (Beckmann, J. pr. [2] 17, 468). White 
scales, sol. water and alcohol, insol. ether. Be- 
duced by Zn and HjSO,, or by HI to the corre- 
sponding sulphide. Attacked by PCl^. Reduces 
KMn04. 

Combmation , — With nitric acid it forms, on 
evaporation, an acid syrup C^II^(SOEt)2, HNO3. 

ETHYLENE ETHYL DI-THIO-DI-CAtt- 
BONATE V. EthyIi thio-carbonates. 

(a).ETHYLENE-DI.ETHYL-DI-UREA 
C,H„N402t.e.C2H4(NEt.C0.NH2)2. [124®]. From 
di-ethyl-ethylene-diamlne, hydrobromide, and 
silver cyanate (Volhard, Pr. 11, 268; A. 119, 
349). Flat needles (from alcohol). V. sol. cold 
water, v. e. sol. alcohol, insol. ether. Boiling 
KOHAq gives NH„ COj, and C2H4(NEtH)2.— 
B'2H2PtCl, ; orange grains, decomposed by hot 
water. • 

(i8) -Ethylene-di-ethyl-di-urca 
C,H4(NH.CO.NHEt)2. [201 ] . From ethylene- 
diamine and cyanic ether (Volhard). Small 
needles, v. sol. hot, si. sol. cold, water, v. si. 
sol. aksohol. Decomposed by boiling KOHAq, 
giving ethylamine and ethylene diamine, la not 
basic. 

ETHYLENE GLYCOL v. Glycol. 

ETHYLENE HEPTYLIDENE DIOXIDE 

C,H„.CH<q>C 2H4 . (c. 180®). Formed by 

heating heptoio aldehyde (1 vol.) with glycol 
(3 vols.) 130® for 8 days (Lochert, BL [2] 48, 
337, 716). Formed also by heating a mixture 
of heptoio aldehyde (oBnaiithol) (1 vol.), glycol 
(2 vols.), and HOAo (1 vol). Liquid. 

ETHYLENE-IMINE C2H3N 

« i... [169»-163»]. 

V.D. 2*93. Formed by subliming ethylene- 
diamine -hydrochloride (4g.); the sublimate is 
dissolve^n water and ppd.by potassio-bismuthio 
iodide, the pp. being then decomposed by KOH 
(Ladenburg a. J. Abel, JB. 21, 768, 270^. Deli- 
quescent porcelain-like mass.. Its V.D. corre- 
aponds to the formula 04 H,o 1^ but when first 
prepared it is possibly CjHjN.^ Insol. ether, v. 
sol. alcohol; absorbs COj from the air. The 
base is perhaps identical with spermine. 

Salta.— 0,H.NH01: tables, v. sol. water, 
inaol. alcohol.— B'jHjPtOl,; yeUow prisms.— 
B'gHJjBi*!,: garnet-red plates, insol. cold 
water.— B'HAuCl^ ; nacreous leaflets, decom- 
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posed by heating with water.— B'jHaCljSHgCl, ! 
clusters of quill-like groups of needles. 

ETHYLENE IODIDE C2H4I, CH^.CH2l. 
[82®]. 

Formation.— -1. By direct combination of 
Jlodine and ethylene in sunshine (Faraday, Ann. 
Phil. 18, 118), or by heating to 60® (Regnault, 

A. Ch. [2] 69, 367).— 2. One of the products 
formed when EtI is passed through a red-hot 
tube (E.Kopp, J. Ph. [:ij 6, 110). — 3. From glycol 
and cold HI.— -4. By lieating ethylene chloride 
with CaL. 3‘aq at 75° (Spindler, A. 231, 265 ; 
Van Romburgh, R. T. C. 1, 151). 

Preparation.— k pasty mixture of iodine and 
absolute alcohol is saturated with ethylene and 
agitated, fresh quantities of iodine being added 
from time to time (Semen off, Zeit. Ch. Pharm, 
1864, 673). 

Properties. — Colourless needles or prisms; 
may be readily sublimed in hydrogen or ethylene. 
Insol. water, v. sol. ether and boiling alcohol. 
Slowly split up, especially under the influence of 
light, into ethylene and iodine ; this change takes 
place rapidly at 85®. 

Reactions. — 1. Chlcrrine gives iodine and 
ethylene chloride. Bromine acts in the same 
way.— 2. Aqueous KOHAq has but little action ; 
but boiling alcoholic potash gives ethylene and 
vinyl iodide.— 3. Water at 275® gives ethane, 
CO2, and iodine (Berthelot, A. Oh. [4] 3, 211). 
4. Mercuric chloride in the cold forms C2H4CII. 
At 100® it forms C2H4CI2 (Maumen6, C. R. 68, 
727). — 5. Siher picrate forms the compound 
CH2l.CH,,.0.C4H2(N02)3 [70®], crystallising in 
light yellow prisms, insol. water, si. sol. cold 
alcohol and ether, v. sol. chloroform (Andrews, 

B. 13, 244). 

ETHYLENE lODO-CHLOEIDE CHJ.CH.Cl. 
Chloro-iodo-etliane. (140® cor.) (Thorpe, C. J. 
37, 189). S.G. 2 2-1644 ; 'p 2 1336 (T.). Ob- 
tained by agitating an aqueous solution of ICl 
containing a trace of free iodine with ethylene 
iodide or ethylene (Maxwell Simpson, Pr. 11, 
590; 12, 278). Colourless oil with sweet taste, 
si. sol water. Moist Ag.p at 180® forms glycol. 
Silver at 160® gives Agl, ethylene, and ethylene 
chloride (Friedel a. Silva, Bl. [2] 17, 242). 

ETHYLENE LACTIC ACID v. Hydraorylig 

ACID. 

ETHYLENE MALONIC ACID u. Tbi-methyl- 

EMB DICABBOXYLIO ACID. , 

ETHYLENE MERCAPTAN C2H4(SH)j. 
(146°). S.G. — 1-123. Formed by the action 
of alcoholic KHS on ethylene chloride or brom- 
ide (Lowig a. Weidmann, P. 49, 132 ; A. 36, 322 ; 
Kekul6, K. 1, 655). Liquid, v. sol alcohol. Sol. 
aqueous alkalis. Oxidised by HNOs to the acid 
02H4(S0,H)2. When HCl is passed through a 
mixture of ethylene mercaptan with chloral there 
is formed the compound C2H4(S.CH(0H).0C1,), 
[116®], which crystallises from ether in shining 
plates (Fasbender, B. 21, 1476). In gener^ 
e^ylene mercaptan combines with aldehyde^, 
with evolution of heat, forming additive pr^ 
ducts, which are decomposed by water into 
constituents. When HCl is passed into equJ- 
moleoular mixtures of ethylene mercaptan and 
an aldehyde, condensation tekea place, an alkj|> 
ated ethylene mercaptan being formed. 
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ethylene MEROAPTAN, 


Salts.— CjH^SjPb: light-yellow —CH^S^Cu : 

^ Di’tnethyl derivative CJI.fSMe).^. 
(183®). From ethylene bromide, and NaSMe 
EwerlSf, B. 4. 716). ^ .. 

Di-ethyl derivative C2H,(SEt)a. (o^, 

211 ®). 

Di-isoamyl derivative C,.H4(SCjH,,)a. 
(245®-266°). Gives on oxidation 02H4(S0.CjH„)3 

Benzylidene derivative CjH^S^CH.CuHj. 
[29®]. From benzoic aldehyde, ethylene mercap- 
tan, and HCl. Insol. water, sol. alcohol and 
ether (Fasbender, B. 20, 460 ; 21, 1476). ^ 
p-Methoxy-henzylidene derivative 
OjH*S2CH.CgHv0Me. [65^].® From anisic alde- 
hyde and ethylene mercaptan (F.). 

Acetylene derivative 
CaH*SyCH.CH.SaOaH,. [133®]. From glyoxal 
and ethylene mercaptan. 

Ethylidene derivative C>ri,S„CHMe. 
(173®). Oxidises to a disulphone [19S®]. 

pTopy^idcTiB dcTivOftivc C^H^S^CHEt. 
(192- ). Gives a disulphone [124®]. 

Iso-vropylidene deriv ativ 
(171®). From acetone, ethylene mercaptan, and 
HCl (F.). Potassium permanganate gives by 
oxidation C2H,{S02)2CMe2 [232®]. ^ , 

Di-phenyl-methylene derivative 
C3H,S2CPhj[106®]. 

o-Chloro-ethyl-ethyl derivative 
EtS.C,H4.S.CH2.CHjCl. From ethylated ethyl- 
ene mercaptan, Et.S.CjH^.SH by treatment with 
KOH and glycolic chlorhydrin, the product, 
Et.S.OA-S-C^.OH being then mixed mth 
PCI, in the cold (Demult a. V. Meyer, 4. 240, 
312). Needles. Decomposed by distillation into 
EtCl and di-ethylene-di-sulphide. 

ETHYLENE - METHYL- v. Methyl-etiiyl- 

*”*'eTHYLEHE-NAPHTHALENE «. Acenaph- 
THENB. 

ETHYLENE-NAPHTHOIC ACID 

C2 H.:C,oH 5.CO,H.. [217®]. Colourless needles. 
Obtained by boiling its amide with alcoholic 
KOH (Gattermann, A. 244, 58). 

Amide C,H,:C„H,.C0NH2. [198®]. Formed 
by the action of OICONK^ on acenaphthene in 
presence of AhCl,. Colourless plates. 

^ ETHYLENE-NAPHTHYL BENZYL KE- 
TONE C3 H,:C.,H,CO.CH,C,Hj. [114°]. From 
acenaphthene, phenyl-acetio chloride and AIjCIb 
(P apeke, B. 21, 1342). Long plates (from alco- 
hol). V. sol. hot alcohol. 

ETHYLENE - NAPHTHYL DI - PHENYL - 
ETHYL KETONE CaH^tC.oHvCO.CHPh.CH.Ph. 
ri04®]. From the preceding by treatment with 
benzyl chloride and NaOEt (Papoke, B. 21, 1343). 

EraYLENE NITEITE C,H,(O.NO)2. (96°). 
S.G. 2 1*2166. Prepared by distilling glyceryl 
trinitrite with glycol (Bertoni, G, 15, 351). 
Yellow oil, sol. alcohol, ether, and chloroform. 
Gives a violet colouration with cone. HjSO^. 
When distilled with mefhyl alcohol it yields 
methyl nitrite and glycol. Gradu^y converted 
Into oxalic acid on exposure to air. When in- 
spired it produces vertigo and paralysis of the 

”“^?o^rid7^of°ethylene nitrite OjH,(NO,) 8? 
[38®]. Formed by passing dry ethylene through 
liquid nitric peroxide, or by passing ethylene 


into dry ether, to which N^O^is at the same time 
added by drops (Semenoff, Zeit Oh. Ph^^ 
1864, 129). White four-sided prisms or tables, 
insol. water, v. sol. alcohol and ether. ^ When a 
gaseous mixture of ethylene and N.j04 is heated 
to 65® there is formed, besides the compound 
[38®], a pungent, volatile, and poisonous, heavy 
oil, which is perhaps identical with the oil de- 
scribed by Bertoni as the true ethylene mtnte. 

ETHYLENE NITEITE-NITEATE 
a,H,(Naj(NO,)? S.G. 1-472. A pungent oil 
formed when ethylene is passed through a cooled 
mixture of HNO, and ILSO* or into fuming 
HNO, (Kekul6, Z. [2] 6, 601). Decomposed by 
distillation with steam, yielding NO, nitrous 
fumes, oxalic, gljcollio, and glyoxylio acids. 
Bases produce the same bodies. Sodium-amal- 
gam reduces it in alkaline solution to glycol, 
civinc off NIT,. 

^ ETHYLENE-DI-OXAMIC ETHEE 

C.HdNH.CO.CO^Et),. From oxalic ether and 
ethylene-diamine, remaining in solution when 
the following body is ppd. (Hofmann, B. 6, 247). 

1 Scales, sol. water and alcohol. _ ^ _ 

ETHYLENE-OXAMIDE C202N2H,,C.,H^. From 
oxalic ether and ethylene -diamine (Hofmann, B 
5, 247). Amorphous, insol. water and alcohol. 

ETHYLENE OXIDE 0,1140 i.e. 

Mol. w. 44. (13-5°). S.G. 2 -897. V.D. 1-42 
(calc. 1-53). H.F.p. 18,090 {Th.). HJ.v. 
17 220 (Th.). Formed by warming glycolic chlor- 
hydrin (chloro-ethyl-alcohol) CHsCl.CHpH with 
potash and collecting in a receiver at -18 
(Wurtz, C. B. 48, 101 ; 40, 898 ; 60, 1195 ; 63, 37^8 ; 
M,277; A. 110, 125; 114, 61; 116, 249 ; A. Ck. 
[3] 56, 418, 427 ; 69, 317 ; C. J. 15, 387). 
Formed also by treating C,H4Br2 or <3^541, with 
A(r 0 at high temperatures (Greene, C. B. 85, 
624). From CH,(OAc).CH,Cl and KOH (Oemole, 

A 173 125). Mobile colourless liquid. Miscible 
with water and alcohol. Does not unite with 
NaHSOs, or with NH,. Cannot be dried by 
CaCL. Behaves as a strong base, uniting di- 
rectly with HCl, HOAc, &c. Ppts. from magne- 
sium, aluminium, ferric, and cupnc salts, the 
hydrates of the metals, e.g. 

2CJT,0-i-MgCl, + 2H,0 
=.Mg(0H), + 2C,H4C1.0H. 
Beactions.—l. Sodium amalgam ^educes it 
to alcohol, glycol and polyethylenic glycols bemg 
also formed. -2. Unites wHh HCl forming 
CH-Cl.CH,OH. The union C2H4O + HCI, both 
being gaseous, evolves 3,600 units of keat (Bf * 
thelot, C. B. 93, 185).-3. Unites with HOAc, 
giving CH,(OH).CH,(OAc).-4. Ao,0 gives 
CH,(OAc).CH,(OAc) and the polyethylenic 
acetates (0,H40)„A«,0.-6. When heated with 
water in seviled tubes it forms glycol and the 
polyethylenic glycols.-C, Bromine (1 mol.) 
mixed with ethylene oxide (2 mois.), and cooled 
by a freezing mixture, forms (G,H40)..Brj^ costal- 
lisingin prisms [66®], insol. water, sol, alcohol.— 

7, Ammonia ihrms oxy-othyl -amine and com- 
pounds of the iorpula 

8. Heated with nSiSO, in a sealed tube at 100 
it gives OH,(OH).OH,.SO,Na (Erlenmeyer, K. 
r21 4 842).— 9. Resinifies aldehyde when heated 
Uh it in a sealed tube.-10. PCI. gives ethy^ne 
chloride.— 11. Phosphonium iodide gives PH, 

[ and ethylene iodide (De Girard. C. B, 101, 478). 
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BUthylane dioxide C,H,<g>02H,. [9°]. 

(102°). S.G. 2 1-048. V.D. 3*10 (calc. 3-06). 
Formed by treating the compound (OjH^OjjBr, 
(v. supra) with H,S or, better, with ritercury in 
the cold (Wurtz). Liquid with faint odour. Sol. 
alcohol and ether, not attacked by ammonia. 

Polymeride of ethylene oxide (CjjH 40 )t. 
[56°]. Formed by leaving ethylene oxide for 
Bome months after addition of a ver^ small 
fragment of fused potash or ZnCl.^ (Wurtz, Bl. 
[2r 29, 530 ; C. E. 86, 1176). A trace of HCl 
will not effect the change. It is a nodular crys- 
talline mass ; v. sol. water, insol. ether. It does 
not reduce Fehling’a solution. 

Chloro-ethylene oxide C,H^C10. (70°-80°). 
From CHChCHI (1 vol.) and water (45 vols ) at 
210° (Sabanejeff, A. 216, 268). 

Bromo-ethylene oxide C.,IT,BrO. (c. 91°). 
From CHBr,.CII.pH and KOHin MeOH (Demole, 
B. 9, 61). 

ETHYLENE-PHENANTHRAaUINOXALINE i 

CaH^.C-N-CH, 

0 ,«H,oN„ i.e. I II 1 I * Ethylene-di- 
C„H,.C~N-CH, 

phenijlene-quinoxaline. [181°]. Formed by 
mixing phenanthraquinone and ethylene-diamine 
in warm acetic acid solution (Mason, B. 19, 112). 
Distils undecomposed at a high temperature. 
Yellowish needles. V. sol. ether, benzene, and 
acetic acid, si. sol. cold alcohol, insol. water. 
ETHYLENE - DI - P HEN YL - DIAMINE v. 

Dl-PHENVL-KTHYIili^NE niUIlNE. 

ETHYLE N E- DI-PHENYL- DI- CARBAMATE 

tJ, Ethylene ether of Piienyl-carbamic acid. 

ethylene' -PHENYLENE - DIAMINE v, 

Phf.nylenpj-ethvlene-diamine. 

Ethylene-di-phenylene-^n-tetramine 
[8:l]O.H,(Nil,).NH.OA-NH.C,H,(NHJ[l:3]. 
Di-m-aJiiuio-di-phenyl-ethylenc-diamme. [107°]. 
Formed by reduction of di-wt-nitvo-di-phenyl- 
ethylene-diamine. Silvery needles or tables 
(from hot water). Nearly insol. cold water. 

Salts. — With nitrous acid they give a brown 
colouration. — B*' H^C1 , : soluble colourless plates. 
The picrate forms long brown sparingly soluble 
needles. The tin-double -chloride is si. sol. 
cold water fGatterraann a. Hager, B. 17,779). 

Di-ethyfene-di-pheuylene-tetraniine 

tion of dinitroso-diphenyl-diethylene-diamine 

(Morley, B. 12, 1796). Silvery leaflets. 81. sol. 
alcohol, ether, and •Violet colouration 

with Fe.,Clfl. ’* 

ETHYLENE-DI-PHENYLENE-NITEAMINE 

V . Di-nitro-di-phenyl-ethylene-diaminb. 

ETHYLENE DI-PHENYL-DI-SDLPHONE v. 

Di-phenyl-ethylenb-di-sulphone. 

ETHYLENE-DIPHTHALIML?E 
(O.H,0,0,N),C.H,. [232“]. From potasaimn 

phthalimido (10 g.) and ethyleno bromide (12 g.) 
at 200°, the cWf product of the reaction being 
0,H,.CA-N.0,H4Br[83°] (Gabriel, B. 20^224), 
Long lustrous needles (from HOA^c). PWmg 
HOI at 200° splits it up into ethylene -diomme 
and phthalio acid. 


[221°]. Prepared by reduc- 


ETHYLENE PROPYLIDENE DISDLPHONB 

v » Ethylene mercaptan. 

ETHYLENE DIPROPYL DISDLPHONB 
C.iH4(S02Pr)2. [156°]. From sodium ethane 

disulphinate and propyl bromide (Otto, J.pr. [2] 
36, 446). Iridescent prisms. 

ETHYLENE-DI-QUINOLINE C.^H,„No i.e, 
.CH:CH CH:CH.C. N:CH 

c.h/ I 1 II i • 

\ N:C . CH2.CH2.CH:CH.C.CH:CH 
[106-5°]. Prepared by the action of HI and 
amorphous phosphorus on acetylene-di-quinoline 
[147°], itself prepared from p-&mido-{Py. 3)- 
styryl-quinoline by treatment witli o-nitro- 
phenol, glycerin, ai^ ILSO, (Balach, B. 22, 
289). Glistening prisms (from hot water). 

ETHYLENE SELENOCYANIDE C.^,(SeCy)j. 
[128°]. From potassium pf'lenocyanide and 
ethylene bromide (Proskauer, B. 7, 1281). White 
needles (from alcohol), insol. cold water and 
ether, si. sol. hot water and cold alcohol. Boil- 
ing nitric acid oxidises it to C.Jl4(Se02H)j which 
is deliquescent. 

ETHYLENE SULPHIDE CH^S. This per- 
haps constitutes the amorphous pp. obtained 
when ethylene bromide is mixed with alcoholic 
KHS. It is nearly insol. alcohol, ether, and 
CS.^. At 160° it changes to di-ethylene-disul* 
phide (L6wig a. Weidmann, P. 49, 123). When 
ethylene sulphide is heated with Mel in a sealed 
tube at 65° it forms a sulphine iodide which 
resembles SMe.jI rather than (C,H^)2S2MeI in 
crystalline form and solubility (Masson, C. /. 
49, 249). 

Di-ethylene di-sulphide 

Mol. w. 120. [112°]. (200°). V.D. 4-28 (calc. 
4-16). Formed by heating the preceding at 160° 
(Crafts, A. 124, 110). Obtained also by heating 
ethylene tri-thiocarbonate C2H4CS3 or ethylene 
mercaptide of mercury CH4S2Hg with CjjH^Br.^ 
at 150° (Husemann, A. 126, 280). 

Properties. — Monoclinic prisms (from CSJ, 
sol. alcohol and ether. Readily sublimed. 

Bcactions.—l. Bromine forms (CoHJ.B.^Br^, 
a yellow amorphous pp. [96°]. — 2. Iodine gives 
CJRS.I, [133°]: black monoclinic needles.--- 
3. Fuming HNO3 forms (C..H4),.(SO),, below 
100°, but above 150° it gives (0.114)2(802)3 
(Crafts, A. 125, 123). 

Omn6Miaiio?is.~C4HyS.2HgCl2: crystalline pp. 
got by mixing alcoholic solutior* of CjH^S.j and 
HgClo.-— 04HaS.3HgL ; minute trimetrio tables.-- - 
C4HHS.2PtCl4 : amorphous orange powder. ~ 
C4HHS22AUCI, : Vermillion pp.— (C4H8S,,)34AgN0, ; 
small monoclinic crystals ; decomposing at 140 . 

Methylo-iodide (CoH4).,S.,MeI. From di- 
ethylene di-sulphide and Mel at 70° (Masson, 
C. J. 49, 238). Opaque white needles, v. sol. 
hot, si. sol. cold, water, v. sol. alcohol, insol. 
ether. Sublimes above 100°, some (C^HJjSj 
being regenerated. 

Methylo-tri-iodi^e (C2H4),2S.3MeI,. [89°] 
(M&sson) ; [93°] (Mansfeld, B. 19, 2668). From 
the methyl-iodide and iodine.' Thin lustrous 
gamet-red plates, v. sol. hot, si. sol, cold, aloo- 
nol, insol. ether. ^ _ 

Di^methylo-iodide (C.H4)2SjMejl3. [208*], 

Methylo-niirate (C2H4)2S2MeNO,. [172°]. 
From the iodide and AgNO, (Masson). Pearly 
plates or rhombic crystals, v. e. sol. water, 
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m. solable in hot alcohol, insoluble in ether.— 
(CjHJtS^MeNOiAgNO, : colourless barb-like 
*ir78t^, V. e. Bol. water, m. sol. alcohol, insol. 
ether; blackens in sunlight ; detonates slightly 
when heated. 


Met'hylO‘9ulphaU{ (CjHJoS j | jMe^SO, 7aq. 
[127®]. From the lodide^and AgjSO^. Large deli- 
quescent prisms (from water) or small needles 
(from alcohol). Decomposed by fusion. 

Methylo-chloride (0^J,S,MeCl. [225®] 
(Mansfeld, J5. 19, 2658). From the sulphate 
and BaClf. Needles or tables ; v. sol. water, si. 
sol. alcohol, insol. ether (Masson, C. J. 49, 242). 
(G4HgS2MeCl)2Ft01^ : orange crystalline powder, 
got by adding PtCl^ to accold solution of tho 
chloride.— 0,^,S4Pt2Cl„ ; formed by digesting 
the preceding compound with boiling water.— 
fC4Ei*S2MeCl)43PtCl4 : formed, together with the 
following, by adding PtCl4 to a hot solution of 
the methylo-chloride. Orange amorphous pp., 
insol. water, alcohol, ether, and dilute acids, si. 
sol. hot cone. HGlAq, sol. cone. NH^Aq. Cold 
EisS does not affect it, but it is decomposed by 
HjS at 100®.-G4H,S2MeGUHCl4 : obtained by 
fractionally ppg. a solution of the methylo- 
chloride with PtGl4. Orange amorphous pp. — 
G4H4S2MeGlAuGl, : light-yellow amorphous 
powder ; decomposed by heating with water.— 
G4H,S2GlHgGl2 : needles and toin plates, ob- 
tained by mixing aqueous solutions of its com- 
ponents. 

Methylo • hydroxide (02H4)2S2Mg 0H. 
Formed in solution by treating a very dilute 
solution of the iodide with moist AgD in the 
cold. It ppts. solutions of metallic salts and ab- 
sorbs GO, from the air. On boiling there is 
formed a white flocculent pp. and an oil 
S.G. ~ 1’044. This oil has a dis- 
agreeable odour, is insol. water, sol. alcohol and 
ether: volatile with steam. It combines with 
Mel. This oil is also formed when an aqueous 
solution of the chloride, iodide, sulphate, or 
nitrate is heated with potash or baryta-water. 
Mansfeld considers the oil to be Gj^Hj^S,, and 
finds it can take up (2 mols. of) bromine. 

Methylo-picrate{Cfi^^S,UeO.G^T3^(^Oj)y 
[198®]. Golden needles (Mansfeld). 

Benzylo-hromide (G2H4)2S2C,H,Br. [146®]. 
From (G,H4)28, and benzyl bromide at 150® 
(Mansfeld, B. 19, 2666). Trimetric crystals 
(from water). ^1. sol. water and alcohol. Potash 
(1 mol.) converts it on warming into oily G,|H,4S„ 
which is slightly volatile with steam. 

Bentylo-ohloride (G,H4)jSjG2H,Gl. [143®]. 
From the bromide and AgGl. Colourless silky 
needles. 

Bsmylo-iodide (0,H4),S2 CtH,I. From di- 
ethylene m-sulphide and benzyl iodide at 100®. 
Pfde-yeUow ne^les, si. sol. water, m. sol. alco- 
hol, insol. ether. 

BtnMylo-pioraU 

P12®]. Golden 

ne^es. * 


Di-ethylene-tetra-solphidt 


GH2.S.S.GH, 


CU9“]» 

Formoffon.— 1. By the action of bromine 
ttpon a chloroform solution of ethylene mercap- 
tan 02 H 4 (SH), or of bensylidene-ethylene-di- 


C u, 

.—2. By treating 

ethylene mercaptan with cone. H3SO4 or with 
SOaCl,.-#8. By the action of hydroxylamine 
hydrochloride on an alkaline solution of ethylene 
mercaptan. 

Properties.— Amorphous powder. Softens at 
141®, melts at 162®, Almost insol. all sol- 
vents. Sol. phenol. Not volatile (Fasbender, 
B. 20, '’462; 21, 1471). It forms a perbromide 
C4H,S4Br, : unstable brownish -red crystals. 
HNOj gives ethylene disiilphonic acid. 

BI-ETHTLENE SULFHOBBOMIBE 
(CJB4)2SBr2. Formed by heating ethyl sulphide 
with ethylene bi>omide and water (1 vol.) at 180® 
(Dehn, A. Suppl. 4, 83 ; cf, Masson, C. /. 49, 
253). It is said to give (C2H4)oSCl2PtCl4. 

ETHYLENE SULPHOCHLORIDE. A name 
given by Guthrie to various oils got by tho 
action of the chlorides of sulphur on ethylene 
(q.v.). 

ETHYLENE DI-SVLFHOCYANIDE 

C2H4(SCN)2. [90®]. S.G.iSl.28. 

Formation. ~l. By heating an alcoholic solu- 
tion of ethylene chloride or bromide with an 
equivalent quantity of potassium sulphocyanide 
at 100° (Sonnenschein, J.pr. 65, 257 ; Buff, A. 
96, 302; 100,219; Glutz, A.153, 313).-2. From 
KSCN, C2H4CI.SCN, and alcohol (James, 0. J, 
43, 40). 

Properties. — Stellate groups of small needles 
(from water) or large trimetrio plates (from 
alcohol). Burning taste ; blisters the skin. Its 
vapour excites sneezing. HNO,, oxidises it to 
ethane disulphonic acid C2H4(90jH)2. Boiling 
aqueous KOH or baryta saponify it, forming 
sulphocyanides. 

Reactions.— 1. Tin and hydric chloride give 
CyS.CjH^.SHjCl, which crystallises from al- 
cohol in scales, and forms a tin double salt 
(CjHoN 8001)280012 (Glutz). The corresponding 
compounds, CjHjNSjI which melts above [100°], 
G,H4N.S2NO,Uq, and C3H4NS2SCy are crystal- 
line.— 2. PEt,* forms PEtjS and C2H,(PEt,GN)j 
(Hofmann, A. Suppl. 1, 65).— 3. A warm cone, 
solution of Na^SO, forms crystals of 
GH4S,NO,oNaj, (?), while the mother-liquor con- 
tains C4H,oS,0,2Na4 (Glutz). ^ 

DI-ETHYLENE DI-SULPHONE 

CjH4<^gQ*^G2H4. Formed by heating di- 
ethylene di-sulphide with fuming HNO, for 
80 minutes at 160® (Crafts, A. 125, 124). Formed 
also by the action of di-bromo-ethane on sodium 
ethane disulphinate (Otto, J. pr. [2] 36, 446). 
Prisms, insol. ordinary solvents, m. sol. hot 
cono. HlSO)|. 

ETHYLENE DISULPHONIC ACIDv. Ethans 

DISUIiPHOKIO ACID. 

DI-ETHTLENE DISDLPHOXIDE 
C»H4<[[gQ^O»H4. From di-ethylene di-sulphide 

and fuming (Grafts, A. 124, 113; 125, 

123). Formed also by treating (02H4)3S2Br4 with 
water (Husemann, A. 126, 290). Bhombonedra 
or long white prisnu; decomposed by heat with- 
out melting. V. col. water, gl. sol. alcohol and 
ether. Ohuirine passed into its solntion gives 
a crystalline pp. of C 4 H«Gl 2 S,Oj|. 
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XmiSEt THIO-AHHELINE 
1^, NC >0-S • Formed by 

heating ethylene bromide, alcohol, and thio* 
ammeline to 120® (Rathke, B. 21, 874). 

Beactiona. — 1. By passing chlorine through 
a solution of the hydrochloride in water an 
anhydride of ‘tauroammeline* ia formed. 
This anhydride forms plates, insol. wa^er, sol. 

alkalis ; it may be written 


N.SOj.CjH, 

2. Oxidation with HNO, yields the compound 
CjoHijNaS.p,. This compound has been called 
* tauro-di-ammeline,’ and ^crystallises from 
water in transparent prisms. It does not melt 
below 290®. It reddens blue litmus, liberates 
COj from carbonates, and forms very soluble 
salts of E, Na, Ga, and Ba. Its ammoniacal 
solution gives with AgNO, a pulverulent pp. 
not affected by light. On boiling with baryta 
it changes to * tauro-ammclido ’ 

Nf ^C.OH [0. 267®]. which 

\co n/c,H,.S03H 

forma moderately soluble crystals, and gives 
with ammoniacal copper solution a pp. of flat 
amethyst-coloured needles. 


ETHYLENE DI-THIO-CABBONATE 


C2H4COS3. [31®]. From ethylene-tri-thio-car- 
bonate by treatment with moderately dilute 
nitric acid (Husemann, A. 126, 269). Long thin 
rectangular tables (from alcohol). May be dis- 
tilled in a current of hydrogen ; insol. water, v. 
sol. alcohol, ether, chloroform, and benzene. 

Ethylene tri-thio-carbonate C^H^CSg. [37®]. 
S.G. 1’477. From Na^CSj and an alcoholic 
solution of ethylene bromide (Husemann, A. 123, 
83). Large yellow crystals (from ether-alcohol), 
with alliaceous odour, si. sol. alcohol, v. sol. 
benzene, OS^, and chloroform. Converted by 
ammonia into ethylene mercaptan and am- 
monium sulphocyanide. KHS gives K^CSg 
and ethylene mercaptan. Fuming HNO3 gives 
C2H4(S0,H)2. 

ETHYLENE THIO - UREA OgH.NgS i.e, 
[194®]. An alcoholic solution 

of ethylene-diamine mixed with CS^ deposits 
in a short time amorphous CgHgNjSj, (or 

?), insol. alcohol and ether, 

which, when boiled with water, gives off H2&, 
leaving ethylene thio-urea (Hofmann, B, 6,240). 
Prisms (from water). SI. sol. ether, v. sol. alco- 
hol. Tastes bitter. Not alteied by digestion at 
high temperatures with CS^ and PbO.* 

Combinations.— (C,HgN jS)23HgCl,. — 
(C,HgN2S)2PtCl4.— (C,HgN2S)2H2PtCl, ; obtained 
by heating ethylene thio-urea with cone. H^SOf, 
diluting with water, and adding platinio chloride. 

Ethylene -di-thio-di- urea O4H10N4 S, ♦.«. 
C.jH 4 (NH.CS.NHj) 2. The lyrdrobromide 
ia formed by boiling thio-urea with 
CjHjrj in alcohol (Andreasch, Jkf. 4, 142). This 
salt forms long broad prisms, aoL cold water. 
HOI and KCIO, oxidise it to urea and 
The hydrochloride B"H,01, 
forms geodes of slender needles. 


ETHYLENE-TOLYL- 0. Toltl-bxbtlknb* $ 
and vMra, 

ETHYLENE - BI - o . TOLYLENE . TSTBA« 
AMINE 

CaH3(0H,)(NHj}.NH.02H4.NH.C,H,(CH,)(NH2). 
DS-m-amiao-di-p-tolyl-ethylene-diamine. [169® 
uncor.]. Formed by reduction of di-m-nitro-di- 
y)-tolyl-ethylene-diamine (Gattermann a. Eager, 

B. 17, 779). Long colourless needles. Sol 
alcohol, si. sol. water. 

ETHYLENE-DI-TOLTLENE-NITBAMINE v. 

Di-nitro-di-tolyl-ethvlenb-diamine. 
ETHYLENE-UREA C.HgNjO U. 

C. 2H4<^2>C0. [131®]. Formed by heating 

ethylene-diamine wifli ethyl carbonate ai 180'* 
(Fischer a. Koch, A. 232, 227). Needles v. sol. 
water and hot alcohol, si. sol. ether. Gives with 
UNO, a di-nitro-derivative without any evolution 
of gas (Franchimont, B. T. C. 6, 219). 

Ethylene-di-urea C4H,oN202 i.e. 
C2H4(NH.C0.NH2)2. [192®]. Prom silver cyanate 
and the hydrochloride of ethylene-diamine (Vol- 
hard, Pr. 11, 268). Prisms, sol. water and alco- 
hol. Dissolves in HClAq, but separates unaltered 
on evaporation. Boiling cone. KOHAq gives 
ethylene-diamine, CO2, and ammonia. With a 
solution of mercuric nitrate it gives a flocculent 
pp. It is immediately attacked by pure HNO*, 
giving off CO3 and N2O in equal volumes 
(Franchimont, B. T. C. 6, 219). — B'^ByPtCl, ; 
orange-red prisms.—B'HAuCl : golden scales. 

ETHYLENE-DI-URETHANE v. Ethymnb 
niCARBAMlO BTflEB. 

ETHYL-ETHANE CARBOXYLIC ACID v, 

BaTANE-OABBOXTLIO AOID. 

ETHYL-ETHENYL CARBOXYLIC ACID v. 

Butane tri-carboxyuo Acm. 

ETHYL ETHER v. Ether. 
ETHYL-ETH7LENE v. Butylene. 
TETRA-ETHYL FERRO-CYANIDE Et4FeCy,. 
[214®]. Formed by the action of silver ferro- 
cyanide on ethyl iodide (Freund, B. 21, 936). 
Rhombic crystals (from chloroform). V. sol. 
water, alcohol, chloroform, insol. ether, petro- 
leum other, and CS2. Is decom^^sed by cone. 
H^S04 with evolution of COj. HgCl, gives a 
white pp. 

ETHYL - FLAVANILINE 0,4H„N2(C2H,). 
Orange colouring matter. — B'HI : long red 
needles. Formed by heating flavaniline with 
ethyl-iodide (Fischer a. Rudolph,^ B. 16, 1602). 

ETHYL FLUORIDE (-48®). V.D. 

1*70. B. (gas) 1*98. Produced by distilling a 
mixture of fluor-spar, alcohol, and H2SO4 or by 
warming KEtS04 with KHFj (Reinsch, J, pr, 19, 
614 ; Fremy, A. 92, 247). Prepared by passing 
EtI over AgF heated to 40® in leaden tubes, and 
collected over mercury in dry glass vessels 
(Moissan, C. B. 107, 2G0). Gas, v. sol. EtI and 
EtBr. Under 8 atmospheres’ pressure it lique- 
fies at 19®. Bums with a blue flame. Heated 
to dull redness in a glass bulb it gives a 
mixture of hydrocwboiA together with tribes of 
fluoride of silicon. Subjected to a weak induc- 
tion spark its volume increases, and it gives hy- 
drofiuorio acid, and small quantities of acetylene 
and ethylene, but no free carbon. Subj^eotod to 
a strong induction spark it gives free carbon, also 
acetylene, ethylene, propylene, Passed 

through a platinum tube heated to dull redness it 
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yields hydibnuoric a0a niiied with hydrocarbons, 
partly capable of b^g absorbed by salpburio 
acid, and a little free carbon is deposited. An- 
easthetic. In large quantities the excitement is 
followed by death (Moissan, 0. JR. 107, 992). 

XTHYI-rOEMAHlBE ’v. Formyl Privative 
of Ethylaminb, and also under Formio acid. 

ti.]>I-STHYI..FO&MA<Kll)IN£ 
HC(NEt2):NH. Form4mid-di-eihyl-amide. Pre- 
pared by allowing an absolute alcoholic solution 
of the hydrochloride of formimido-ether (1 mol.) 
and di-ethyl-amine (2 mols.) to stand at the 
ordinary temperature for several weeks, and 
then distilling off the alcohol and excess of di- 
ethyl-amine on the water-bath. When boiled 
Ivith alcohol it loses NH^, giving a condensation 
product OioHjiNj. The hydrochloride 
(B'HCl) forms glistening transparent prisms, 
very iiygroscopio and easily soluble in alcohol 
[125<*].— B'jHaCljPtCl/. yellowish-red sparingly 
soluble prisms [209°] (Pinner, B. IT, 179). 

s-Oi-ethyl-formamidine 

HC(NHEt):NEt. Form-cthyl-iinid-cthyl-amide. 
Formed by the action of an alcoholic solution of 
ethylamine on the hydrochloride of formimido- 
ether. 

Salts. — B'HCl : large deliquescent plates. — 
B'jHaClJPtCl^ : thick red prisms [198°] (Pinner, 
B. 16, 1649). 

ETHYL FOEMANILIDE v. Foumo acid. 

DI-ETHYI-FUMARAMIDE v. Ethylamide of 
Fuuabio acid. 

ETHYL-FTJEFUEINE f>. Furfurinb. 

TEI-ETHYL-GALLIC ACID v. Gallic acid. 

3-ETHYL-GLDTAEIC ACID 
CH,.CH2.CH(CH2.COaH)4. [67°]. Frommalonio 
acid, propionic aldehyde, and glacial acetic acid 
at 100° (Komnenos, A. 218, 167). The yield is 
very small (4 p.c. of the malonic acid). Small 
prisms. V. sol. water, alcohol, ether, or 
chloroform. 

DI-ETHYL-GLYCIDAMIHE C^H.^NO i.e. 

0 

r. Hj fDT n TT N Fit_ This constitution is assigned 
' by R6boul(BZ. [2] 42, 261) to the substance 
[160°] formed by the action of di-ethylamine on 
epichlorhydrin. It is v. sol, water. 

Ethylo -chloride CtR^alSOCl 

0 

CHyCH.CH2.NEt,01. Formed from epichlor- 
hydrin and Nfct, at 100° (Reboul, Bl. [2] 42, 
261). Syrup. Moist AgP gives a strongly 
alkaline syrupy base. — (C,JB2„NOCl)3PtCl4; 
orange needles, v. sol. water, insol. alcohol. 

EXHYL-GLYCOCOLL v. Ethyl-amido-aoetio 


ETHTL-DI-OLYCOLAMIC ACID o. Ethyl- 

mXDO-DI-AOBTIO ACID. 

EIHYXrOLYCOLIIC ACID v. Ethyl derim- 
of Gltoollzo acid. 

ETHYL-GLYOXALIHE 0 A(0 A)Ny (210°). 
S.G. ‘999. Formed treating tn-bro^o- 
•thyl-glyoxaline with sodium am«Jgam (Wyss, 
B. 10, 1378). Prepared by heating glyoxaline 
with ethyl bromide (Wallach, B. 16, 634). 
Mobile colourless fluid. Misoible with water. 
Methylo-iodide Bliel: [76°]; large 


prisms.— (B'MellaOdI,: [16 
MethylO’ chloride F 


; plates. 

!e01; formed by the 


1 action of AgCI on the luetliylo-iodldtL 

{WMeCl)^iOl , ; [195°].-(B'MeCIj,ZnCI| ; itisi. 
parent solnble crystals [158°]. |ir 

C,H,£tN,EtBr. Formed 
by heating glyoxaline with EtBr (Wyss, B, 10, 
1367). Syrup. — (B'Et01)2Pt0l4 ^aq : pearly 
plates. 

Tri - bromo - ethyl - glyoxaline CaBr3(OjH0N2. 
[62°]. Formed by bromination of ethyl-glyox- 
aline dissolved in dilute HjSO, (Wallach, B. 16, 
537). .F’ormed also from silver tri-bromo- 
glyoxalino and EtI (Wyss, B. 10, 1372). Colour- 
less crystals. Insol. cold water. 

Para-ethyl-glyoxaline 03H8(C2H5)Na. [77 °] 
(W.) ; [80°] (R.); (268°) (R.). Formed by isomeric 
change from the tertiary ethyl-glyoxaline by 
passing it throu^ a heated tube (Wallach, B, 
16, 543). Prepared by the action of propionic 
aldehyde-ammonia on glyoxal (Radziszewski, B. 
16, 490). Long prisms. Sol. water, alcohol, 
ether and benzene, si. sol. ligroin. Secondary 
base. — B'2HjCl2PtCl4 : easily soluble prisms or 
plates. Heated with propyl bromide it gives an 
cthyl-propyl-glyoxaline which is probably iden- 
tical with oxal-propyline (W.). 

Para - di . ethyl - glyoxaline C3H3(C2H5).,N,. 
Oxal-etkyl-propTjlme. (220°). 8.G. *9813. 

Formed by the action of ethyl bromide on ethyl- 
glyoxaline (glyoxal-propyline) (Radziszewski, 
B. 16, 491). Colourless liquid with narcotic 
smell. Sol. water, alcohol, and ether. The 
double-zinc-chloride forms crystals melting at 
[173°]. 

ETHYL-GLYOXYLIC ACID C^HsOs i.e. 
Et.CO.CO2H. (74°-78°) at25mm. S.G. 1*26. 

Preparation.-^'Pvopionyl cyanide (6 g.) is 
mixed with HCl (2-6 g. of S.G. 1-23) and kept for 

2 hours at 0°. More HCl (2-5 g. of S.G. 1*23) is 
added, and, after standing, the mixture is diluted 
with water and heated for 3 hours on the water- 
bath. The acid is then extracted with ether 
(L. Claisen a. E. Moritz, C. J. 37, 693). « 

Properties. — Liquid with empyreumatio 
smell. Misoible with water, alcohol, and ether. 
Sodium amalgam reduces it to a-oxy-butyrio 
acid [43°]. 

Salts. — AgA'; prisms. — BaA'.^aq: m. sol. 

Et.CO.CO.NH2. [117°]. Prepared 
from propionyl cyanide (2 g.) by n;iixing with 
HOI (1 g. of S.G. 1*23) and keeping at 0° for 2 
hours. The semi-solid product is left for a week 
over lime. The amide is then separated from 
NH4OI by sublimation (0. a. M.). It may be 
a’ystallised from ether. 

Phenyl-hydrazide Et.C(N2HPh).COaH 
[162°]. Obtained by hydrolysis of the product 
of the action of diazobenzene chloride on ethyl- 
aceto-acetic ether (Japp a. Klingemann, O.J. 63, 
619). Yellow silky nee^es, decomposed on melt- 
ing. Reduced by sodium amalgam to benzene* 
a-bydrazo-butyrio acid Pb.NH.NH.CHEt.CO2H* 

ETHYL-DIGTTAiriDE C^H^.N, i.e. Cj^tN,. 

Formation^Bj heating di-oyan-di-amide 
(5 pts.) with CuS04 6aq (7 pts.), ethylamine (8‘ 
pts.), and water *(82 pts.) for some hours at 100° 
there ia formed the salt (04H„N5)20uS04aq, 
whence SLS removes the copper, and the re- 
sulting (0^,.N|)^S04 is then decomposed bj 
baryta (Emion, JaL i, 896). 

Prepa/raikmt^^hn alcoholic solution of di* 



ETHtL-llYDIlAZlNE. 


imidiazaide if heated with ethylamine hydro* 
^^lide in a sealed tube for several hours 
(Sm^a a. Friedreich, Jlf. 9, 229). 

J^operties . — Deliquescent crystalline mass, 
▼. sol. water and alcohol, insol. ether. 

Salts.— B"H01: six-sided tables, v. e. sol. 
water, insol. alcohol and ether.— B^HjClj.— 
B^aKgSOi l^aq ; small trimctric crystals, a:b:o 
» 1'04:1:1*36 ; v. sol. water, insol. alcohol. 
[180°], when anhydrous.— B"HaS04 l\aq. S. 4 
in the cold. — B"aCuS04 aq : minute rose-aoloured 
needles (from co]d aqueous solutions). — 
B"2 CuS 04 : crimson crystalline grains (from hot 
solutions). S. ‘0214 in the cold. — B''2NiS04a;aq. — 
Cu(C 4 H,oN 5)2 : iroin B"2CuS04 by cautious treat- 
ment with aqueous NaOH. Red needles, si. sol. 
cold water.— Ni(C4H,oN,)2: obtained by boiling 
Ni(OH)2 with ethyl-diguanido. — Picrates 
B"C«H2(N02)30H and B"2CJd,(N02)20H may be 
crystallised from hot water. 

tt-DI-ETHYL-GUANIDINE 
NH:C(NEt2)(NH2). From cyanamide and di- 
ethyl-amine hydrochloride (Erlenmoyor, B. 14, 
1869). Monoclinic crystals, a:6:c = *925:1:1*462. 
/3 = 74° 35'— B'HCl : monoclinic prisms; a:b:c 
r. -960:1: *749; /8 = 63°50'.-B',n2PtCle : orange 
triclinic tables ; a:6:c=- *789:1: *564; a = 90° 21'; 
/3 = 92° 60' ; 7 = 82° 9' (Haushofer, J. 1881, 330 ; 
1882, 364 ; Z. K. 6, 130 ; 7, 267). 

s-Tri-ethyl-guanidme NEt:C(NHEt)2. Formed 
by boiling an alcoholic solution of di-ethyl-thio- 
urea with ethylamine and HgO (Hofmann, B. 
2, 601). Strongly alkaline liquid ; absorbs COj 
from the air.— B'^HaPtCl,, : crystalline plates, v. 
sol. water. 

ETHYL - n - HEPTYL - OXIPE Et.O.C,H„. 
(166*6°). S.G. 5 *7949. S.V. 220*8. O.E. (0°- 10°) 
*001 (Dobriner, A. 243, 5 ; Cross, A. 180, 6). 

Ethyl heptyl oxide Et.O.C,H, 5. (177°). S.G. 
M *791. V.D. 5*10 (calc. 4*99). From EtI and 
the sodium heptylate from castor oil (Wills, 
C. J. 6, *812 ; Petersen, A. 118, 75). 

ETHYL-HEXYL-GLYOXALINE CnH^N*. 

Oxalethyl-cmanthyline. (271°). S.G. -- 
•921. From hexyl-glyoxaline and EtI (Karez, 
M. 8, 222). Oil.— B'jHjPtClB : yellow soluble 
plates. 

ETHYL HEXYL OXIDE CH,Et.CnBt.OEt. 
(132°). S.G. ® *787. From di-chiorinated ether 
and ZnEt^ (Lieben, A. 178, 14). With HI it 
gives EtI and secondary hexyl iodide. 

ETHYL-HYDANTOlN O.HeNjOj i.e. 

heating ethyl-gl^- 


ooooU with urea at 125° (Heintz, A. 133, 65). 
Tables, melting below 100°. V. e, sol. water and 
alcohol. May be sublimed. « 

ETHYL-HYDEAZINE C2HbN 2 t.«f 
C,Hj.NH.NH,. (99-6° at 709 mm.). Prepared 
from s-di-ethyl-urea NHEt.CO.NHEt, which is 
treated with nitrous acid and the resulting ni- 
trosamine NHBt.CO.NEt.NO then reduced by 
fine-dust and acetic acid to NHl^.CO.NEt.NH,, 
whence hot cono. HCl forms NByEt, COj, and 
NHEt.NH,. Ethyl-hydrazine hydrochloride 
being less soluble than ethylamine hydrochloride 
may be separated from it by crystallisation 
(Fischer, A. 199, 281 ; B. 9, 111)* 

Properti$a » — Oolourless mobile liquid of faint 
Ammomaoal odoor ; very hygroscopic ; sol* 


water, alcohol, ether, and tifenzene, si:!’ sol. COQQ* 
EOHAq. It attacks cork and caoutchouc. It 
fumes in moist air. It gives the carbamine re- 
action with chloroform and alcoholic potash. 
Bromine decomposes it, giving off nitrogen. It 
pj)ts. metallic oxides from their salts. 

Reactions. — 1. Reduces Fehling’s solution in 
the cold. — 2. Reduces •Ag20.— 3. Reduces HgO 
forming HgEtj. — 4. Reacts with aldehydes with 
considerable evolution of heat, forming ethyl- 
hydrazides R.CH:N2HEt.— 5. Decomposed by 
nitrons acid gas. — 6. Its hydrochloride reacts 
when heated with potassium cyanate in aqueous 
solution with production of ethyl semi-carbazide ’ 
NH.i.CO.NH.NHEt, which forms very soluble 
leaflets [105°]. — 7. fts hydrochloride reaots on 
phenyl cyayiate in dilute ethereal solution, giving 
rise to leaflets of phenyl-cthyl-semi-carbazidc 
NIH"h.CO.NH.NHEt [111°] ; v. sol. alcohol, sL 
sol. hot water, decomposed by dilute acids into 
di-phenyl-ufta CO2, and ethyl-hydrazine. — 

8. Phenyl thio-carbimide gives phenyl ethyl thio- 
semi-carbazide NHPh.CS.NH.NHEt [109°], 
which crystallises in white leaflets; si. sol. 
ether, v. sol. alcohol. — 9. Oxalic ether gives 
grouped needles of C202(NH.NHEt)2 [204°], of 
which the nitrosamine C202(N(N0).N(N0)Et)2 
[114°] crystallises in prisms and gives Lieber- 
mann’s reaction.— 10. Picryl chloride gives 
NHEt.NH.C«H2(N02), [200°], which forms yel- 
lowish-red needles ; si. sol. alcohol, sol. hot 
benzene, and explode on heating. 

Salts.— B"HXl2: needles, v. e. sol. water 
and alcohol, but’ the solutions on evaporation 
leave B"HC1 as a colourless deliquescent mass. 
The sulphate forms readily soluble leaflets, the 
oxalate is a cryStalline pp. sol. hot alcohol. * 

M-Di-ethyl-hydrazine C,H,2N2i.fl. NEt.,.NH^, 
(0. 98°). Formed, together with NH, and NSt.^!!, 
by reduction of di-ethyl -nitrosamine NEtj.NO 
with zinc and glacial HOAo. The bases are con- 
verted into hydrochlorides and, on evaporation, 
NH4CI crystallises first. The filtrate is treated 
with potassium cyanate and qvaporated; when 
di-ethyl semicarbazide NH,.CO.NH.NEt2 sepa- 
rates ; and this is decomposed by heating with 
cono. HCl for 12 hours at 100° (Fischer, A. 199, 
308). 

Prop<jriw5.— Colourless, mobile liquid, of 
faint ammoniaoal odour, sol. water, alcohol, and 
ether ; nearly insol. cone. KOHAq. 

Reactions. — 1. Reduces hot. but not cold, 
Fehling’s solution, being for the most part con- 
verted into diethylamine and nitrogen. — 2. Afar- 
curie oxide converts it in the cold into tetra- 
ethyl-tetrazone Et2N.N:N^Eta, a non-vola- 
tile oil, sol. alcohol, which is decomposed by 
heat, is volatile with steam, and reduces ammo- 
niacal AgNO„ forming a mirror. Dilute HCl at 
80° splits up tetra-ethyl-tetrazone into aldehyde, 
NEt^ NEt.H, and nitrogen. The tetrazone 
forms a platinochloride Et4N4H3PtCle, and gives 
with mercurio chloride a crystalline pp. 
Etjii^HgCla.— 3. Niirmts add forms N^O and 
diethylamine (or diethyl nitrosamine).— 4. Its 
hydrochloride is converted by potassium (^uude 
into t*-di-ethyl semicarbazide Et^.NH.CO.NBl^ 

. which forms long prisms [149°], sol. hot water 
and aloohol, insol. cono. KOHiAq. It forms a 
oryiitalliiio nitrosamine Bt|N.N(NO).COJ^Hy 

Salts.— The hydroonloride, ealphata, 



and nitrate are excjeedingly sol. water and 
oohol. The piorate and platinoohloride 
form golden needles. 

Ethylo-iodide NILf.NEtsL Needles, v. 
eol. water and hot alcohol, insol. cone. KOHAq 
and ether. Moist Ag,0 forms a strongly alkaline 
hydroxide which is decomposed at a higher teiii- 

S erature into water, ethyienc, and di-ethyl-hy- 
razine. It may be reduced by zinc and H^S04 
to tri-ethylamine. 

ETHYL-HYDEAZINE SULPHONIC ACID 
EtN^SO,H. 

Salt.— KA'. Prepared by heating K.S.O, 
with ethyl-hydrazine at 90*^ ; the mass obtained 
being wanned with aqueous KHCO3 and eva- 
porated below 70° (Fischer, A 199,300). Leaflets, 
sol. water, si. sol. alcohol. On boiling with 
strong acids it is decomposed into ethyl-hydra- 
zine and EHSO4. When its aqueous solution is 
treated with HgO, even in the cold, it yields 
potassium diazo-ethane sulphonats EtN.^SOjK 
in the form of glittering needles or leaflets, sol. 
alcohol. Diazo-ethane sulphonate explodes vio- 
lently when heated ; it may be reduced by zinc- 
dust and acetic acid to the parent ethyl-hydra- 
zine sulphonate. 

ETHYL-HYDROCARBOSTYEIL V. Oxt-etiivl- 

QUINOXiXNa DIHTDBIDB. 

ETHYL-HYDEOXYLAMINE v. IIvproxyl- 
AMIKE. 

ETHYL HYPOCHLOEITE CjHjOCl. (36°). 
PreparaHon.— Chlorine is passed through a 
cold solution of NaOH (1 pt.) in alcohol (1 pt.) 


ACETOmt-tlOAMINES. ' V;, 

ETHYLIDEHE-DI-AOETONIirS v. 

NINES. 

ETHYIIDENE ALDEHYDATE V. Acetal. 

ETHYLIDENE-m-AMIDO-BEEZOIO ACID 
C,H,N03 i.e. CH,.CH;N.aH4.COaH. Formed 
by mixing dilute aqueous solutions of m-amido- 
benzoio acid and aldehyde (Schiff, A. 210, 117). 
Amorphous mass, v. e. sol. alcohol and benzene ; 
molts uiider boiling water. Long boiling with 
water decomposes it, CO^and ethylidene-aniline 
being among the products. Cone. HNO, con- 
taining K.,Cr207 gives a transient violet colour. 

ETHYLIDENE-DIAMINE. Benzoyl deri^ 
native CHg.CH(NHBz)y [204°] 

(H. a. S.) ; [188°] (N.). S. (alcohol) 1*24 at 22°. 

Formation.— 1. From aldehyde-ammonia and 
BzCl (Limpricht, A. 99, 119).~2. By dissolving 
benzamide in aldehyde to which a few drops of 
HCl have been added ; the reaction being at- 
tended with rise of temperature (Nencki, B. 7, 
158). — 3. By gradually adding benzonitrile 
(2 mols.) to well-cooled cone. H^S04 containing 
paraldehyde (1 mol.), leaving the liquid to itself 
for a few hours, and then ppg. the product by 
water (Hepp. a. Spiess, B. 9, 1424). 

Properties.— Long needles (from* alcohol), v. 
sol. CHCI3, CS,,, ether, and hot alcohol, nearly 
insol. water. May be sublimed. 

Beactions. — 1. With water at 130° it gives 
aldehyde and benzamide. — 2. Boiled with dilute 


are absorbed. The ether rises as an oil to the oenzoic acia. 


BifHace and is washed and dried over CaCL 
(Sandmeyer, B. 18, 1767 ; 19, 857). 

Properties.— Yellow mobile liquid with very 
irritating smell. It may be distilled. It is very 
unstable. On superheating its vapour in a tube 
it explodes violently. The explosion is also ! 
brought about in the cold by contact with pre- 


Tri-ethylidene-diamine v. Aldehyde, Com- 
bination 4, vol. i. p. 104. , 

ETHYLIDENE-ANILINE O^H^NiCH.CH, (?). 
Aldediyde-anilide. From ethylidene chloride and 
aniline at 160° (Schiff, B. 3, 416). 

Preparation , — A mixture of aniline and al- 
dehyde is made at -18°, then left to itself for 

•' . . - ..rt 1 1 lAAO 


wrought about in the ' Tomevieeks at 15°, and finally heated to 100°. 

jipita^ copper. Exposed 1 Aniline is removed from the product by dilute 

itbegmsto decoipposeafter a few houm bo g ^ ethylidene-aniline is separated 

violently; i? direct sunshine this ^ ;thylidene-di-Liiline by alcohol, in which 


VIUWUH/ , AUW.vv.- I 

begins in s few minutes and ends with an explo 
sion. It mixes without reaction with ether, 
chloroform, and benzene. Upon aniline, phenol, 
*o.,it acts like CIOII, oxidising and chlorinating. 
With HCl, HBr, and HI it at once yields the 
' haloffenB with liberation of alcohol. 

' ETHYL HYPOPHOSPHATE Et^PA- S.G. 
14 1-117, FroiA Ag4PaO, and EtI in the cold 
(Sanger, A, 232, s). Thick colourless liquid. 
Heated alone it is decomposed into ethyl phos- 
phate and ethjrl phosphite. It is saponified by 
mlet.-BtC»HP,0.6»q. Neeles. 

ETHYLIDENE. The divalent radicle 
CH .CH. Unlike its isomeride ethylene, it is 
not known in the free state. By heating ethyl- 
ideno chloride with sodium at 190° ToUens (A. 
187, 8^ obtain^ ethylene, acetylene, ethane, 

DIAgETATE v. Di-acetyl 
dmvatwe of Oi/w-ALDEBYDB, vol. i. p. 106. 
ETHYLXDEHE DDACBHC acid v. methyl- 

“"^^ratB.AOKtO.ACTnO BTHEE ia 
described under Aobto-aoi^ aotj. 

iSXHYLIDBIE-DD^CHWHAinNl «. Aob- 


xruui — 

it readily dissolves (Schifl, A, 140, 127 ; 210, 
114). Redresin.-B'jHgCly-B^HaPtCl,: orange 
crystalline pp. 

Ethylidene - di - aniline (OfiH5.NH)3Cn.CH,. 
Prepared as above. Yellow nodulcs.'- 

orange crystalline 

pp. 

ETHYLIDENE-BIDBET 04H,N30a i.e. 
NH<^QQ^g^CH.CHa. Trigenic acid. Mol. w. 

129. Formed by passing cyanic acid into cold 
aldehyde (Liebig a.^W6hlcr, A. 69, 296). Small 
prisms (frqm water). SI. sol. water, almost 
insol. alcohol. Acid to tost papers. Decom- 
posed on dry distillation with formation of am- 
monia, ammonium carbamate, and an oil, which 
is in all probability a tri-methyl-pyridine, iden- 
tical with th^obtained by Baeyer and Ador (A. 
155, 294). Wnen heated with Mel and alcohol 
it yields ammcAia and methylamine. With 
NaOBr it evolves only traces of nitrogen. On 
oxidation with HNO, it is converted into cyan- 
uric acid and oarbonio anhydride, a reaction 
which points to the above formula (Herzig, M, 
a, 898 ).— AgA'; pulverulent pp. soL hot water. 
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BTHYLmENE-METHTL-KETOLE, 


STHTXIBElra BROMIDE U. 

CJHj.OHBrf u-Di-hromc-ethane. (113®). S.G. 
!«:? 2-089 (A.) ; ^ 2-1029 ; |f 2-0864 (Perkin, 
C. J. 46, 628); ^ 2-066 (Weegmann, Z. P. C. 2, 
218). 1*5128 rW.). M.M.9-1. 

FonnaMon,-~i. By brominating ethyl bromide 
in sunlight (Staodel, B. 11, 1741).— 2. From 
vinyl bromide and HBr (Beboul, G. R. 70, 399). 

Preparation. — From PClsBra and aldehyde 
in the cold (Paternb a. Pisati, G. 1, ^96 ; An- 
schiitz, A. 235, 301). 

Reactions. — 1. Benzene and Al^jOl^ form 
ethyl-benzene, w-di-phenyl-ethane, and s-(A)- 
di-methyl-anthraceno di-hydride. — 2. Alcoholic 
KOAc at 130® gives aldehyde, EtO Ac, and acetal 
(Tavildarofl, A. 176, 12). — 3. Alcoholic KHS has 
no action (difiference from ethylene bromide). — 
i. Ammonia at 130® forma tri-methyl-pyridine 
(collidine).— 6. Water and PbO at 130® give al« 
dehyde. — 6. SbCl, forms exclusively CHj.CHClj 
(Henry, C. R. 97, 1491). 

ETHYLIDENE BROMO-IODIDE v. Bbomo- 

lODO-ETHANE. 

ETHYLIDENE-DI-CARBAMIC ACID. Ethyl 
ether CgH.eNA CH 3 .CH(NH.COjEt) 2 . 

Ethylidene-urethane. [126®]. Formed by the 
action of aldehyde or acetal on carbamio ether 
in presence of HCl (Nencki, B. 7, 160 *, Bischolf, 
B. 7, 629). Formed also from aldehyde-ammonia 
and chloro-forraio ether in the cold (Schmid, 
J. pr. [2] 24, 124). Satiny needles; v. sol. ether, 
alcohol, and hot water. Split up by hot dilute 
acids into aldehyde and carbamio ether. 

Propyl ether CH3.CH(NH.C02CgH,)2. 
[116®]. From propyl carbamate, aldehyde, and 
a little HCl (Bischoff, B. 7, 1082). 

ETHYLIDENE CHLOEHYDRIN v.^-Chloro- 


CHLORIDE C2H,C1j i.c. 


ETHYL ALCOHOL. 

ETHYLIDENE . . . 

CHj.CHOlj. Mol. w. 99, (00-1®) (Thorpe, C. X 
37,186); (56-8®) at 749 mm. (Schill); (57-3°) 
(Perkin, C. J. 45, 529) ; (67-5®) (Bruhl). V.D. 
3 « (for 3-42) (S.). S.G. J 1-2039 (T.) ; 1’ 11895 
(Sohiff, 4. 220, 90); 1 1845 ; P 1-1712 (P.); 

1-1743 (Briilil, A. 203, 11) ; 1-1750 (Weegmann, 
Z. P. C. 2, 218). C.E. (0®-10°) -001304 ; (0®-50®) 
-0013982 (Thorpe) ; (9*8 to 56-7) -001438 (Schiff). 
S.V. 88-96 (Thorpe) ; 88-60 (Schiff) ; 89-5 (Ram- 
say). MfM. 6-335 at 14-4®. Md 1-4168 (W.). 
m/- 1-4223. = 34-10 (B.). H.F.p. 34,230 

ITh.). H.F.V. 33,070 (Th.). Critical tem- 
perature 256° (Paulewsky, B. 16, 2633). By- 
product in manufacture of chloral (Kramer, B. 
3, 257). 

Formation.— 1. By chlorinating ethyl chloride 
in daylight (Regnault, A. Ch. [2] 71, 356), or in 
presence of heated animal dharcoal (Damoiscau, 
Bl. [2] 27, 113).— 2. By heating aldehyde with 
PCI. (Wurtz a. Frapolli, 0. R. 47, 418; A. 108, 
223; Beilstein, A. 113, 110; Geuther, A. 105, 
821). The PClj is at first kept cool, and the al- 
dehyde added slowly. a , ,7 

Properties.— Colourless oil , rtlembling chloro- 
form in taste and odour. * , , 

Reactions. — 1. Alcoholic wtashheA no action 
in the cold, though vinyl ohloride is formed on 
heating.— 2. Aqueous Na-SO, at 140° gives 
CH,.OH01.SO,Na (Kind, Z. [2] 54^). Boiling 
aqueous KaSO, gives OH,.CH(SO,K), and 
0&,.OH(OH)80.K (Stuedel, Z. PJ 4, 272).-8. 
yoif n. 


Sodiwn at 190° gives hydrojien, acetylene, ethyl- 
ene, ethane, and vinyl ohloride (ToUens, A. 187i 
811).-4. Chhyrine gives OHaClCHCla and 
OH|.GCl, (Staedel, B. 6, 1403).— 6. Bromine in 
sunlight forms CHg.CBrCL (99°), CH^r.CBrCl, 
<177°), and CHBr 2 .CBrClj (217°) (Staedel, B. 11, 
1789).— 6. Toluene and A 1 . 2 Clg give ^i-ethyl- 
toluene, w-jp-di-tolyl-ethane, and s-tetra-methyl- 
anthracene dihydride (Anschutz, A. 236, 314). 
m-Xylene, and AljClg give (l,3,4)-ethyl-fn-xylene 
and M-di-xylyl-ethane. 

ETHYLIDENE CHLOBO - BROMIDE f. 
Chloro-bromo-ethane. 

ETHYLIDENE GHLORO-IODIDE v. Chlobo- 

lOnO-ETHANE. 

ETHYLIDENE^ANDRAMIDE is described 
under Cyanuramide v. Cyanic acid. 

ETHYLIDENE - ETHENYL C ARBOXYUC 

ACID V. Butylene carboxylic acid. 

ETHY^DENE DI-ETHYL DIOXIDE is 
Acetal (q. v.). 

ETHYLIDENE - DI - ETHYL - DI -SDLPHONE 

CH 3 Cn{SO.^t),. [76°-78°l. Prepared by treat- 
ing CH,.C(SEt) 2 .C 02 H (obtained from pyruvic 
acid and mercaptan) with KMnOg (B scales a. 
Baumann, B. 19, 2814). Plates ; si. sol. water, 
m. sol. alcohol and ether. Evolves hydrogen 
when sodium is added to its solution in dry ether 
or benzene, the resulting salt is too unstable to 
purify (E. Fromm, B. 21, 187). Its bromo- deri- 
vative CH 3 .CBr(S 02 Et )2 [115°] crystallises in 
small sparingly soluble prisms which are recon- 
verted by boiling KOHAq into the original 
CH3.CH(S02Et)2. 

ETHYLIDENE IODIDE CHj.CHI,. (o.l7^°). 
S.G. 2-84. 

Formation.— 1. From ethylidene chloride and 
A1.T« in CS., (Gustavson, B. 7, 731).— 2. From 
CHhCHCIj and Calg 3laq at 100° (Spindler, A. 
231, 267). — 3. From acetylene and HI (Berthelot, 
A. 132, 122). 

Properties. — Liquid. Converted by alcoholio 
KOH into vinyl iodide. 

ETHYLIDENE-LACTAMIC ACID v. a-lMiDO- 


DI-PROPIONIC ACID. 

ETHYLIDENE-LACTIC ACID v. Lactic acid. 

ETHYLIDENE-MALONIC ACID 
CH,.CH:C(CO.;a)2. Ethyl etherEt^''. (115»- 
118°) at 17 mm. S.G. ^ 10435. Frommalonio 
ether (1 mol.), aldehyde (2 mols.), and ACjO (1^ 
mols.) at 100° (Komnenos, A. 218, 167). (The 
yield is 54 p.o. of the maloni<f ether.) Liquid, 
smelling something like campho^. Aqueous 
baryta forms various jiaUs, including an easily 
soluble one, which is possibly a salt of oxethyl- 
malonio acid, CH 3 .CH( 0 H).CH(C 02 H),. KpH 
and dilute alcohol gives jS-methyl-glutario acid* 

Ethylidene-di-malonic ether 
CH2.0H(CH(002Et)2)3. (209°-212®) at 20 mm* 
A by-product in the preparation of ethylidene. 
malonic ether. (The yield is 8 p.o. of the ma* 
Ionic ether ; Komnenos, A. 218, 168.) It is formed 
by the action of ethyiidene-malonio ether upon 
malonio ether : CHj.CH:C(COjlSt), -«■ CH,(GOiEt)| 
« 0 H,.CH( 0 H(C 02 Et) 2 ) 2 t Dilute alcoholic KOH 
converts it into j8-methyl-glutario acid. 

ETHYLIDENE-MELAMINE described under 
Ethylidene-oyanuramide v. Cyanic acids. 

ETHTLXDENE-METlrnrKETOLB v, . Dt* 

}iBTHYIt-nT®'*MPINB-pI-XNI)QX(i, 
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ETIiyLIDENE.T)I<j3>NAPHTHYL-0XIDE, 


ETHTLI1)ENE.DI . (3) . KAPHTHYL-OXIBE 

0H,.CH<^^‘®gp>0. Anhydride of di-oxy-di- 

naphthyl-ctJiane. [173°]. Crystalline solid. 
Insol. alkalis. Formed by heating a solution 
of (/3)-naphthol and aldehyde in acetio acid with 
HCl or !^S04, or by the same treatment of the 
previously formed i*(/3)-naphthyl orthaldehyde 
CH,.CH(0.0,o5,), (Claisen, B. 19, 3318; il.237, 
270 ; cf. vol. i. p. 10^. 

ETHYLIDENE-DIOXAMIDE i.e. 

(NH2.C0.C0 .NH)jCH. 0 Hj. a pulverulent pp. 
formed when cyanogen is passed into crude alde- 
hyde (Berthelot a. P6an de St. Gilles, A. 128, 
338; cf. Sohiff, A. 161, 211)., 

ETHYLIDENE OXY - CHLORIDE v. Di- 

CHLOR O-DI-E THYL OXIDB. 

ETHTLIDENE-DI-FHENOL n. Di-oxy-di- 


PHBNYL-ETHANE. 

ETHYLIDENE-METAPYRAZOIONE o. Di- 


OXT-BTHYLIDENK-PYaiZOLE. I 

ETHYLIDENE SULPHIDE «. Thio-acetic 

ALDBHTDB. ! 

Di-ethylidene-tetra-sulphide 

CH3.0H<J g>CH.CHj. Formed by oxidation 

of thialdine by adding to the solution strongly 
acidified with HCl a weak solution of iodine in 
KL Amorphous pp. (Fasbender, B. 20, 403). 

ETHYLIDENE-THIO-UREA CsH^NjS i.e. 
CS<^^^CHMe. From aldehyde and thio- 
urea at 100® (Emerson Reynolds, C. N. 24, 87). 
Granules, insol. cold water, m. sol. hot alcohol, 
sL sol. ether. Bolling water splits it up into 
aldehyde and thio-nrea. 

Di-ethylidene-thio-urea. Ammonia com- 
pound (CH,.CH)2N,CSNH,. [180°]. Formed 
by heating a moderately concentrated solution 
of thio-urea with aldehyde-ammonia (Noncki, 
B, 7, 168). Needles ; si. sol. boiling water, insol. 
cold alcohol and ether. Its aqueous solution, 
which is intensely bitter, is resolved by prolonged’ 
trailing, or more quickly in presence of acids, 
into aldehyde, thio-urea, and NH3. 

ETHYLIDENE-TOLUIDINE 
OH,.OH:N.C,H4Me ? Aldehyde-toluide. Yellow 
nodules, formed by treating toluidine with alde- 
hyde. Its salts are resinous (Schiff, Z. 1865, 
400). 


BTHYLIDENE-UREA C,H«NaO i.e. 
CO<^^>CH.OH,,' [164°]. Formed by the a 

tion of an alcoholic solution of aldehyde on urea 
in the cold (Schifl, A. 161, 204). Small needles ; 
v.sL'sol. water and ether, si. sol. alcohol. De- 
composed by heat into NH„ melanurenic acid, 
and oxy-trialdine CaH, iNO. Rapidly decomposed 
by pure HNO, with evolution of COj and N^O in 
eqtial volumes, together with a little nitrogen 
(Franchimont, JS. T, 0. 6, 221). 

ETHYLIDENE UEETH^ 0 . Etbylideke- 

^ J>X-CABBAMZO ACID. * 

ETHYL-IXlDO-lDI-ACETIO ACID OaH„NO« 
is. NEt{OHyCO,^r EthyUdi-glycollamic add. 
From ethylamine and chloro-acetic acid (Heintz, 
A. 182, 1 ; 146, 229). Short trimetric prisms, 
▼. sob water, sL soL alcohol.— CuA" ; minute 
bine dhne^ tables, si. sol. water. 

JUthifP^^ther (0.210®). OR. 


ETHYLIMIDO-Dl-PHENYLENE SULPHIDE 

S(CaH4)3NEt. Ethyl4hio-diphmylamine. [102°]. 
From imido-diphenylene sulphide and EtBr 
(Bernthsen, A. 230, 93). Prisms. Fe01| colours 
its alcoholic solution pale brown. 

TRI-ETHYLIN v. Tri-ethyl derivaUve of 

GLYCEaiN. 

ETHYL-INDAZINE CaH.oN U. 

CaH4^ I ^NCjHa. Formed by heating indas* 

ine with EtI for four hours at 100°, saturating 
with NaOH, and extracting with ether (Fischer 
a. Tafol, A. 227, 303). Brown liquid, smelling 
like indazine ; more sol. water than indazine. 
Is a tertiary base.— B'H3S04. 

Bromo-ethyl-iJ/-indazine CaH^N.^r. [48°], 
Obtained as a sublimate by heating brorao- 
ethyl-i|/-indazine carboxylic acid, COj being 
evolved (F. a. T.). V. si. sol. water, v. sol. alco- 
hol, ether, and chloroform. It shows no basic 
properties. 

ETHYL-^r-INDAZYL-ACETIC ACID 
C..H,AO. i.e. 

Formed by atmospheric oxidation of ethyl-hy- 
drazido-cinnamic acid which is obtained from 
the nitrosamine of ethyl-o-amido-cinnamic acid 
NO.NEt.C3H4.CH:CH.CO,H by reduction with 
zinc-dust and acetic acid (Fischer a. Kuzel, B. 16, 
654 ; Fischer a. Tafel, A. 227, 303). Colourless 
plates, sol. alcohol, ether, and aqueous alkalis, 
si. sol. water. At 100° it splits off COj, forming 
methyl-ethyl-4'-indazine. It forms salts both 
with acids and with bases. It doef not reduce 
Fehling’s solution or HgO. 

Bromo-ethyl-4'-indazyl-acetic acid 
CijHiiNpaBr. [173°]. Formed from the pre- 
ceding by treatment with Br (65 pts.) in 
IIOAc (Fischer a. Kuzel, A. 221, 288). Needles, 
grouped in fans, v. sol. alcohol and ether, almost 
insol. water. Oxidation with KjCr^O. and H2SO4 
forms bromo-ethyl-if'-indazine carboxylic alde- 
hyde C„H3N.pBr [88°] and, by further oxida- 
tion, bromo-ethyl-jl^-indazine carboxylic acid 
C,oH,N.202Br [210°], which crystallises in needles 
(from MeOH). 

Di-bromo-ethyl-t/^-indazyl-aoetic acid 
C.iH^Br^NjOj. [196°]. From the acid (1 pt.) 

! and Br (1*7 pts.) in HOAc (5 pts.) in the cold. 
Stellate groups of needles ; almost insol. water, 
si. sol. alcohol, ether, and chloroform. Re-con- 
verted into the parent acid by sodium amalgam. 

4i-ETHYL-INDIOO CjoH.gOjNj i.e. 
C,n4:0.202N2Et2:C8H4. Prepared by reducing the 
di-ethyl-derivative pf pseudo-isatin-w-oxim 

C«H4<^^g^^6(NOEt) with alcoholic ammo- 
nium sulphide, and then passing a stream of CO, 
through the solution ^aeyer, B. 16, 2201). Blue 
felted needles. V. sol. alcohol, forming a deep- 
blue solution, th^ spectrum of which closely re- 
sembles that Ox mdigo. In ether, acetone, 
chloroform, CS3, aftd aniline it is less soluble. 
It sublimes as a purple vapour, condensing to 
blue prisms. It dissolves in strong HpS04 with 
a greenish-blue colour, and on heating is smpho- 
nated. With zino-dust and alkalis it is re- 
duced, and the solution then dyes like indigo. On 
oxidation it gives etbyl-pseudo-isatin. By weak 
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Tedaotiontbe di-ethyl-derivative of pseudo-isatin- 
«.oxi2n is formed. 

BTHTL-INDOLB 0,oH„N U, 

(about 247°). Obtained by 

heating at 185°-i90® the carboxylic acid [183®] 
which is formed by the action of HCl on phenyl- 
ethyl-hydrazine-pyruvio acid (Fischer a. Hess, 
B. 17, 666). Liquid. The HCl solutiqu gives a 
violet colour to a pine-wood shaving. By a cold 
alkaline solution of chlorine, followed by hot alco- 
holic NaOH, it is converted into ethyl-pseudo- 
isatin. The pi crate forma red needles. 

Ethyl-lndole? 0»B.<™*^CH? (283° 

cor.). Formed by heating aniline (30 g.) with 
ZnCl, (60 g.), lactic acid (35 g.), and sand to pre- 
vent frothing (Pictet a. Duparc, B. 20, 3416). Yel- 
low oil without basic character, v. si. sol. water, 
v. sol. alcohol, ether, benzene, and CHClj. May 
be distilled with steam. Colours pinewood 
moistened with HCl rod. Bromine added to its 
solution in chloroform gives an intense violet 
colour. The pi or ate melts at [143®]. 

ETHYL-INDOLE-CAEBOXYLIC ACID 
.C^COil 

0„H„N0j t.e. C^H/ ^CH [183°]. Formed 

CjH, 

by the action of hot aqueous HCl on phenyl- 
ethyl-hydrazine-pyruvic acid (for theory of re- 
action V. under Indole derivatives) (Fischer a. 
Hess, B. 17, 665). Colourless needles. V. sol. 
alcohol, ether, benzene, and chloroform, less 
sol. water. Heated to its melting-point for some 
lime it loses* CO2, giving ethyl-indole. A cold 
alkaline solution of chlorine, followed by alco- 
holic NaOH, converts it into ethyl-pseudo-isatin, 

ETHYL-INDOXYL v. Indoxvl. 

ETHYL-INDOXYLIC ACID v. Indoxxlio acid. 

ETHYL-DI-IODAMINE v. Ethvlamine. 

ETHYL IODIDE C.HJ. Mol. w. 166. (72°) 
(Schiff) ; (72-4°) (Perkin, 0. J. 46, 460). S.G. ^ 
1-9433; 1*9243 (P.) ; ® 1*9795 (Dobriner, A. 

243,24). C.E. (0®-10°) *00116 (D.). S.V. 86*12 
(S.) ; 86*6 (D.). V.D. 6*48 (calc. 5*41). M.M. 
10*076 at 18*1® (P.). H.F.p. 5,660 (Iodine solid) ; 
11,090 (I caseous) {Th .) ; 7,000 (I gaseous, EtI 
gaseous) [Berthelot) ; 12,700 (I solid, EtI liquid) 
(B.). H F.v. 4,790 (I solid) ; 9,930 (I gaseous) 
(Th.). Formed by distilling alcohol with HI 
containing free I, or by the action of P and I on 
alcohol (Gay-Lussac, A. Ch. 91, 89 ; SeruUns, 
A. Ch. [2] 26, 323; 42, 119 *, Marchand, J. pr. 
33, 186 ; Frankland, C. J. 2, 263 ; 8, 322 ; Laute- 
raanu, A. 113, 241 ; Hofmaiin, G. J. 13, 69; De 
Vrij, J. Ph. [3] 31, 169 ; Patorno, Q. 4, 149 ; H. 
Schifl, B. 7, 692 ; Porsonne, 0. R. 62, 468). The 
rate at which HI etherifios alcohol has been 
studied by Villiers (C. ft. 90, 1663 ; 91, 62). 

Preparation. — 1. Amorphous phosphorus 
10 pts.), alcohol (60 pts. of 90 |).o.), and iodine 
100 pts.), are mixed and left to themselves for 
24 hours; the mixture is then* distiUed (Bieth a. 
Beilstein, A. 126, 260).— 2. An alcoholic solution 
of iodine is slowly run into a retort containing 
alcohol and clear phosphorus (Hofmann). 

Properties . — Colourless liquid. Not very in- 
flammable. When not quite pure it turns brown 
ih light* Cone. liberates iqdine. Aqueous 


KOH has little action. When a soluble salt of 
silver is added to an alcoholic solution of EtI 
silver iodide is ppd. 

Reactions.—!. Passage through a redM 
tube gives hydrogen, ethylene, and ethylene 
Iodide (E. Kopp, J. Pharm. [3] 6, 109).— 2. Afsr- 
cup forms EtHgI.~-*3. Heating with ZuEt, in 
ethereal solution at 170° gives butane, together 
with a little ethylene and ethane (Brodie, C. «7. 3, 
405).— 4. Sodium ethidegi\QB ethylene and ethane 
in the cold .— 6. Tin at 180® gives SnEt^Ij 
(Frankland, C. J. 6, 67). — 6. Silver powder 9 X 
120® gives butpe (Wislicenus, Z. [2] 4, 681).— 
7. By heating in sealed tubes with excess of zinc 
there is formed ziifc ethide ; when excess of EtI 
is used the product is butane.— 8. The copper 
zinc couple at 100® forms IZnEt. In presence 
of water or alcohol ethane is evolved (Gladstone 
a. Tribe, C. J. 26, 416). — 9. Alcoholic ammonia 
forms iodides of ammonium and of mono-, di-, 
tri-, and tetra- ethyl-ammonium.— 10. When 
saturated with PHj and heated, either alone or 
with ZnO, there is formed tri- and tetra- othyl- 
phosphonium iodide (Hofmann, B. 4, 372).— 
11. Chromic acid mixture gives iodine and ace- 
tic acid.— 12. Chlorine gives EtCl and I (Dumas 
a. Stas, A. 35, 162). — 13. Bromine gives EtBr 
and I (Friedel.C. R. 60, 346).— 14. ICl gives EtCl 
and I (Geuther, A. 123, 123).— 16. HI at 160® 
forms some ethane (Butlerow, A. 144, 36). — 
16. Heating with HgClj gives EtCl (Oppenheim, 
C. B. 62, 1085). — 17. Heating with KjSOj gives 
potassium ethane sulphonate EtSOjK (Streoker, 
Z. [2] 4, 213). — 18. Sodium amalgam acting on 
a moist mixture of EtI with CSj forms EtjCS, 
(Nasini a. Soala, Q. 17, 236 ; cf. Lowig a. Soholz, 
J.pr, 79, 441).— 19. Water at 150° gives ether 
(Beynoso, A. Ch. [3] 48, 385). 

ETHYL-ISATIN C.oH^NOjj. [137®]. Long 
red needles (Paucksch, B. 17, 2805). Formed by 
heating with HClAq the product of the action of 
di-chloro-acetio acid on p-amido-phenyl-ethane 
C«H,Et(NH,)[l:4]. 

Ethyl-pseudo-isatin C,H4<^^g^CO. Loo- 

tom of ethyl isatic acid. [95°]. 

Formation.—!. By the action of a cold alka- 
line solution of chlorine followed by hot alcoholic 
NaOH on ethyl-indole-carboxylio acid [183®], 
which is obtained by the action of HCl on phe- 
nyl-ethyl -hydrazine-pyruvic acid(Fischer a. Hess, 
B. 17, 566).— 2. By reduction* of the di-ethyl- 
derivative of pseudo-isatin-w-oxim 

C«H4<]^^g^C(NOEt) with zinc-dust and oxida- 
tion of the product with Fe.,Clj (Baeyer, J3, 16, 
2193). 

Properties.— Large red plates. Soluble in hot 
water, alcohol and ether. With thiophene and 
HjSO, it gives a blue colouring-matter soluble 
in ether. It dissolves in alkalis with a yellow 
colour at once forming a salt of ethyl-isatio acid 
* 

Bthyl-psendo-isatin-a-ozim 

[162°]. Idlowfonr-«a.a 

prisms. Formed by the action of hydroxylamine 
on ethyl-pseudo-isatin. On redaotion ?dth oinA- 
dust followed by oxidation with FeX^t yiel^ 
ethyl-pseudo-isatin. It does not ykw Inftjigo on 



ISlilliJ-lCJAllXi. 


treatment '(nth ammoninm sulphide (Baeyei) B. 
26,21961 

SthyUptwdo^iiBtin^t-tthyloiim v. Di-ethyl- 
derivative vi 

ETHTI-XAXBIirE v. Ethyl ether of (B. 4)* 
Qxi -( Py , 4)*bthtl-qoinounb tbtbahydridb. 

Dl-ETHYL-KBTUtE v. ^h-KKTHTL'DI-BTHtL 
PYKAZINB. 

DLETHYL-KETONE OjH.oO Le. Et.CO.Et. 
PropioM. Metacetone. Mol. w. 86. (101°). S.G.® 
•829; —*816. S.4*2. H.0. 736,971 (Louguinine, 
Bl. [2] 41, 889). A product of the distillation of 
sugar, starch, or mannite with lime (Fremy). 

Formation.— 1. By the Ary distillation of 
barium propionate (R. Morley, A. 78, 187). — 
2. By the action of ZnEt, on propionyl chloride 
(Freund a. Pebal, A. 118, 9).— 3. From sodium 
ethide and CO (Wanklyn, A. 140, 211).— 4. By 
oxidising oxy-hexoic acid (di-eth-owJic acid) 
with KjCrjO^ and H2SO4 (Chapman a. Smith, 
C. J. 20, 173) ; or by heating the ether of the 
same acid for several hours with fuming HCl at 
160° (Geuther, 1867, 709).— 6. By oxidation 
of di-ethyl-carbinolEt2CH(0H) (Wagner a. Sayt- 
*eff, A.179, 322).— 6. By the action of dry FeCljOn 
propionyl chloride (Hamonet, Bl. [2J 60, 547). 

Properties.— Mobile oil, lighter than water, 
▼. sol. ^cohol and ether. Smells like acetone. 
Slowly combines with KHSOj on long agitation 
(Schramm, B. 16, 1683). Chromic acid mixture 
oxidises it to propionic, acetic, and carbonic 
acids. Reduced by sodium in presence of water 
todi-ethyl-carbinoland the pinaconeC,oH;o(OH)2. 
Treated with di-methyl- aniline and ZnClj there 
is formed tetra -methyl -di-amido- di- phenyl - 
methane (Dobner a. Petschof, A. 242, 333). 
Treatment with Zn, EtI, and then with water 
gives tri ethyl-carbinol (A. Sayt'zeff, /. pr. [2] 
81, 320). 

Cyanhydrin EtsC(OH).CN. a-Oxy-hexo- 
nitrile. From the ketone and dilute HCN 
(Tiemann a. KoJjler, B. 14, 1978). Liquid, 
lighter than water. 

Oajtm EtjC-.NOH. (163°) at 726 mm. From 
di-ethyl-ketone and an alcoholic solution of hy- 
droxylamine (SchoU, B. 21, 609). Oil, insol. 
water, sol. alcohol and ether. When dissolved 
in ether and treated with Nj04 it gives amyl- 
psendo-nitrole Et2C(NO).N02in the form of large 
tables [63^, which forms blue solutions in ether 
and chloroform. * 

DX-ETHYL-KETONE DI-CARBOXYLIC ACID 
0,H,A i.S. C0(CH,CH2.C0^I)2. [138°] and 

[0. 110^. Formed by saponifying its ether. 
Thin plates, decomposed on distillation. Not 
reduced by s^um-amalgam. Docs not combine 
with Br. WOs oxidises it to succinic acid.— 
AgJt": minute needles. 

'Mono-ethyl ether MUM'. [68°]. From 
EtjA" (1 mol.) and alcoholic KOH (1 mol.). 
Needles, insol. ligroln, sol. water, alcohol, ether, 
and chloroform. — AgEtA'h 

Di-ethyl eiher EtA". (286°). Formed 
by befttjng fnrfnryl-acpylio acid with alcohol 
saturated with HGl (Marckwald, B. 20, 2811 ; 
21, 1898). Heavy oil. Alcoholic NH, forms 
0,H,,oA[292°]. 

OtsXm of the di-ethyl ether 
HO.N;^OHa.CH,.OO^t)r CW°]* Slender 
fteedlei, iL sol water* 


Phenyl-hydratide 

NjHPh.C(C 2 H 4 .COjH)j. [114*6°]. Minute pal4 
yellow crystals, insol. water, benzene, and light 
petroleum, sol. alcohol and other. Heating at 
210° with HIAq (S.G. 1*7) and amorphous phos- 
phorus reduces it to n-pimelic acid. 

Phenyl-hydraside of the mono-ethyl 
e t her N^Ph.C(C5H4.C03H)(C.,H4.C0^t). [112°], 
Minute pale yellow crystals, insol. water and 
light petroleum, v. sol. hot alcohol and ether. 

TETEA-ETHYL LEDCANILINE v. Tbtrx- 

ETHYL-TM-p-AMIDO-TRI-PHBNYL-METUANE. 

ETHYL-LEUCAZOIIE v. Azaueolio acid. 

DI-ETHYL-MALEIC ACID i.e. 

COjH.CEt-.CEt.COjH. Xeronic acid. The an- 
hydride occurs among the products of the dis- 
tillation of citric acid, being formed by boiling 
oitraconic anhydride for a long time. This an- 
hydride is converted into the Ca salt by digestion 
with water and CaCO, (Fittig, A. 188, 69). 
Formed also by treating oa-di-bromo-butyric acid 
with reduced silver (Otto a. Beckurts, A. 239, 
277). The free acid, liberated by adding HCl to 
its salts, changes at once into the anhydride. It 
docs not combine with Br. HI reduces it to di- 
ethyl-succinic acid. Chromic acid mixture oxi- 
dises it to propionic acid (Roser, B. 16, 1321). 

Salts. — AgjA". — CuA" aq. — CaA" aq. — 
BaA" ^aq. 

Anhydride CgHjoDg. (242° i.V.). Liquid; 
volatile with steam, SI. sol. cold water. 

ETHYL-MALONIC ACID CjH^O^ i.e. 
CHEt(CO.^)y Mol. w. 132. [112°]. 

Formation.— 1. By treating o-bromo-n-buty- 
ric acid with KCy and boiling the product with 
potash (Wislicenus, A. 149, 220 ; 165, 93 ; Tu- 
polefif, i. 171, 243 ; Markownikoll, A. 182, 324). 
2. By heating malonio ether (16 pts.), and 
sodium (2 pts.) dissolved in alcohol (26 pts.) with 
gradual addition of EtI (20 pts.). The resulting 
ether is saponified by potash, neutralised by HCl, 
and converted into the Ca salt. The Ca salt is 
then decomposed by HCl and the acid extracted 
with ether (Conrad, A. 204, 134). 

Properties. — Short four-sided prisms or 
feathery groups. V. sol, water, alcohol, and 
ether. At 160° it splits up into COj andbutyno 
acid. The same decomposition occurs when its 
aqueous solution is evaporated at too high a 
temperature, especially in presence dt mineral 
acids. Fe^Cl gives no pp. in neutral solutions. 

Salts.— xaq: small crystals, v. sol. 
water, insol. alcohol. — NojA^aaq: efflorescent 
gTr^nularmass.— BaA" : small needles.— CaA" aq; 
prisms ; si. sol. hot, v. sol. cold, water.— 
ZnA"2^aq: crystalline powder composed of 
minute six-sided pljites*, S. *22.— ZnA" 8aq. — 
CuA"8aq; Jiluish-green tablets.— PbA" ; white 
pp. becoming granular on boiling.— AgjA": spar- 
ingly soluble needles.— The aniline salt when 
treated in benzene with phosphoruspentaohloride 
gives PbN:CH.O.CClEt.CONHPh [104°], {Py.l)- 
chloro-(P|/. 8)-wy*(Py-2)-ethyl-quinoline [248°], 
and the anilide of m-chloro-bntyrio acid [200°] 
(Biigheimer a. Sdhramm, B. 21, 804).— The 0 - 
toluidine salt gives with PClj {Py. l).ehloro. 
IPy, B)‘Oxy-{Py. 2)-ethyl-(B. 4) -methyl-quinoline 
(R. a. 8.) [225°]. 

Di-ethyl ether Bt^A". (200° unoor.); 
(210° cor.). S.G. « 1*0124; U 1*0044. M.M. 
9*272 at 16*6° (Perun, C* 45, 612). From 
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Ibe lilvet iftlt and EtI. Prepared also by the 
ftotion of EtI (1 mol.) on a mixture of malonio 
ether (1 mol.) and NaOEt (1 mol.) (Conrad, B. 
12, 761 ; A, 204, 134). Formed also by heating 
m^onio ether with EtI and zino (Schukoffsky, 
J. B. 1887, 601). Above 260® it is partially* 
decomposed with formation of butyric ether. 
Iodine appears to convert sodium ethyUmalonic 
ether into 0.,.H4.CI(CO,Et)j, whence alcoholic 
KOH forms Et.O(OEt)(CO..K)j, whUe baryta- 
water forms barium ethyl-ta'rtronate (Bischofl a. 
Hausddrfer, A. 239, 120). 

.4 mi CHEt(CONH,),. [208®]. From the 
ether and NH, (Freund a. Goldsmith, B. 21, 
1243). 

Amide^anilide CHEt(CONH,)(CONHPh). 
[182°]. Formed by heating the amide (1 mol.) 
with aniline (1 mol.). 

Anilide CHEt(CONHPh),. [215®] (F. a. 
G.) ; [223°] (Riigheimer, B. 17, 235). Needles 
(from alcohol). Formed by heating the amide 
(1 mol.), the acid, or the ether, with aniline (2 
mola.). 

Mono -anilide CHEt(CONHPh)(CO^j. 
[150°]. Formed by boiling the preceding with 
excess of lime (F. a. G.). 

Phenyl-hydrazideCllEt{CO.^H.M}IPh)y 
[233°]. Obtained by heating the amide with 
phenyl-hydrazine (F. a. G.). Needles (from 
HOAc); insol. water, si. sol. alcohol. COClj 
converts it into C,sH,gN404 [above 300®]. 

Di-ethyl-malonio acid G,H,204i.e. 
CEt2(CO.,H)2. [121°]. S. 66 at 1G°. Formed 
by treating malonic ether with NaOEt (2 mols.) 
and EtI (2 mols.), and saponifying the product 
(Conrad, At 204, 138). Prisms ; v. sol. alcohol 
and ether. At 170® it splits up into CO.^ and 
CHEVCO^H, 

Salts.— CaA": moderately soluble crystal- 
line pp.— Ag-A" : crystalline pp. 

B thy I ether EtoA". (230® cor.). S.G. \} 
•9917; -9844. M.M. 11-20 at 19° (Perkin, 

C. J, 46, 613). Formed as above. Formed also 
by treating malonic ether with ZnEt^ (Martinoff 
a. Schukoffsky, J. B. 1887, 297). 

jRfl/ercnces.— C hloro- and Buomo- ethyl- 
UALONIO ACID and ETHER. 

ETHYL-HALONYL-lTREAi;.JS;<ki/Z-dem>a/ive 
of Barbiturio acid. 

ETStYL-MELAMINE. Described as Ethyl- 
eyanu rcmi de v. Cyanic acid. 

ETHYL MERCAPTAN v . Mercaptan. 

ETHYL-METHYL- v. Methyl-kthyl-. 

ETHYL-METHYLENE- v. Mkthy^ne- 
■THYL-^ 

ETHYL MU STARR OIL v. Ethyl thio-oarb- 

XHTDE. . 

(a)-ETHYL-NAPHTHALEl^E C„H„ i.a. 
C„H,.0.2H,. (269® i.V.); (100° at 4 mm.). V.D. 
6*86 (obs.), S.G. gr0204; “^10123. Prepared 
by the action of sodium on a mixture of - (o)- 
bromo-naphthalene and ethyl bromide (Fittig a. 
Remsen, Z. [2] 6, 87 ; A. 166»118). Colourless 
liquid. Partially decomposed on distillation. Br 
gives a tri-bromo- derivative [127°]. — ^Picric 
acid compound: fine yellow needles [98®] 
(Camelutti, B. 13, 1671 ; G. 10, 888). 

(i8)-Etliyl-iiaphthalene C,„H,Et. (261°). S.G. 
1*0078. Colourless liquid. SoUdifiesat -19°. 
repared by the action of sodium on a mixture 
of 53)-bromo.naiithalene and ethyl bromide 


(Brunei, B. 17, 1179). It is also formed (probftb^ 
together with the (a).ethyl-naphthalene) by the 
action of AljClj on a mixture of naphthalene 
(100 pts.) and ethyl bromide or chloride (SOpts.) 
(Marchetti, 0. 11, 265, 439). EtBr gives the Best 
yield (lloux, A. Ch. [2] 12, 289). — Picric acid 
compound: [69°; (B.) ; [71°] (M.); yellow 
needles or long plates. 

(a) - ETHYL - NAPHTHALENE SULPHONIC 
ACID CjjHiiSOaH. Forms an amorphous Ba 
salt and a crystalline copper salt CuA',^^^* 
sol. water. 

(8) -Ethyl-naphthalene snlphonic acid 
C,oH„SOjH. From (8) -ethyl-naphthalene and 
H^SO,. Forms | lead salt PbA',, crystallising 
in scales (Marchetti, G. 11, 439). 

ETHYL-NAPHTHOIC ACID. Amide 
C,oH,Et.CONH2 [1:4]. [166°]. Formed by act- 
ing on (a)-ethyl naphthaline with chloro-lormic 
amide in»presence of Al^Cly (Gattermann, A. 244, 
67). Colourless needles (from alcohol). On 
hydrolysis (1-4) ethyl-naphthoic acid [132°] is 
obtained. 

(8)-ETHYL.NAPHTH0L C,„H,Et.OH. [98®]. 
Obtained by fusing (8) -ethyl-naphthalene sul- 
phonic acid with potash (Marchetti, 0. 11, 442). 
Silvery IciiHcls, insol. cold water, v. sol. alcohol 
and ether. 

ETHYL-NAPHTHYL-AMINE v. Naphthyl- 

ETHYL-AMINE. 

ETHYL - NAPHTHYLENE . DIAMINE V, 

NaPHTHYLENE -ETHYL-DIAMINE. 

ETHYL NITRATE C^H^NOa. Nitric ether. 
Mol. w. 91. (86°) at 728 mm. S.G. s 1*132 ; 
IV* 1-112 (Kopp, A. 98, 3G7). H.F.p. 40,780 {Th .) ; 
30700 (Berthelot). H.F.v. 38,760 {Th.). S.V. 
91*1 (Ramsay). Formed by distilnng alcohol 
with an equal weight of HNO, (S.G. 1*4) con- 
taining 3 p.c. of urea ; the distillation must be 
stopped when two-thirds of the liquid has dis- 
tilled over, otherwise an explosive reaction will 
set in (Millon, A. Ch. [3] 8, 239; Carey Lea, 
Am. S. [2] 32, 178). It may also be obtained 
by dropping absolute alcohol (10 g.) from a very 
fine pipette into cone. HNOg (20 g.) cooled with 
ice and salt (Persoz, Rip. Chim. pure, 6, 30). 
Alcoholic AgNO, boiled with EtI or EtBr does 
not yield ethyl nitrate, but aldehyde and ethyl 
nitrite. The EtNO, may bo supposed to be re- 
duced by the alcohol at the moment of formation 
thus : EtNO, + CgHg.OH = EtNO, + CgH^O + H,0 
(Bertrand, Bl. [2] 33, 666). . 

Preparation.— k mixture of alcohol (300 g.), 
urea nitrate (100 g.), and HNO, (400 g. of S.G. 1*4) 
is distilled to half its volume, after which a mix- 
ture of alcohol (3 pts.) and nitric acid (4 pte.) is 
run in slowly so as to keep the level of the liquid 
constant. The nitric acid used must have been 
previously heated to boiling with 1 p.c. of urea 
and afterwards cooled (Lossen, A, Suppl. 6, 230 j 
Bertoni, O. 6, 406). 

Properties.— Colourless oil with pleasinf 
odour and sweet toste; miscible with aloohol, 
•and ether. It bums with a white flame. 

Beactione.—l. Alcoholic* NH, at 100°ntO3 
ethylamine nitrate NEt,HNO, (JuncadellA, Oh B, 
48, 842). A mixture of nitric ether (1 vol.), a4. 
cohol (1 vol.), and oonc. NH,Aq (1 voL) at 
forms mono-, di-, and tri-, ethvlamine (Lea).— 
3. Ammonium suliMe in alooMie solntfouf 
yields mercaptan (R. Kopp, PA* [8) 11, Sll). 
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A Tin and BCl reduce it to bydroxylmine and 
di-ethylbydroxylamme (LoBsen), — 4» Wien 
heated with ferrona acetate nitrogen is given off 
(Lea). 

ETHYL HITEITE 0^,N0, i.6. Et.O.NO. 
NH/rous ether. Mol. w. 76. (18°). S.2. S.G. g 
•919; -900 (Brown, Pi. 16, •400). H.F.p. 30,610. 

H.F.V. 28,870. Produced by the action of nitric 
acid upon alcohol. The reaction is very violent, 
the alcohol being oxidised to aldehyde, &o., 
while the nitric acid is reduced to nitrous acid 
which etherities the remaining alcohol (Kunkel, 

1. D. J681 ; Dumas a. Boullay, A. Ch. [ 2 ] 37, 16). 

‘ Sweet spirit of nitre ’ is obtained by distilling 
on excess of alcohol with HNO,. Alcohol may 
be saved by adding copper, starch, or sugar to 
the mixture ; or the ether may be obtained by 
passing nitrous fumes into alcohol (Liebig, A. 
30, 142 ; E. Kopp, J. Ph. [3] 9, 320 ; Grant, Ph. 
10, 244 ; Feldhaus, A, 126, 71). 

Preparation. — 34'6 g. NaNO, dissolved in 
120 0 . 0 . of water are cooled below 0°; 13'5 c.c. 
HaS 04 are added to 82 c.c. rectified spirit mixed 
with an equal volume of water, and the mixture 
diluted to 120 c.c. and cooled. The acid mixture 
is added gradually to the nitrite solution and the 
ether separated by a tap funnel, washed with 
water, and dried over ignited KjCOj. Glycerin 
(5 p.o.) added to the 2 p.c. alcoholic solution 
prevents its decomposition (Dunstan a. Dymond, 
Ph. 18, 861). 

Properties. — ^Liquid, with characteristic odour ; 
miscible with alcohol, si. sol. water. Decom- 
poses when kept in a wet state, giving off NO. 
Saponified by solid KOH giving KNO^ and alco- 
hol (Liebig a. Strecker, A. 77, 331). Reduced 
by HjS or ammonium sulphide to alcohol and 
NH,. Diazotises aromatic amido- compounds. 

ETHTL-NITEO- v. Ni^o ethyl-. 

ETHYL-NITEOUC ACID C^H^N.O, i.e. 
CH^C(NO^rNOH or CH,.CH(NOj).NO. [S2^]. 

Formation. — 1. By the action of potassium 
nitrite and HnS 04 *on an alkaline solution of 
nitro-ethane (V, Meyer, B. 6 , 1494 ; 7, 425 ; A. 
180, 170). — 2* From di-bromo-nitro-ethane and 
hydroxylamine in the cold. 

Preparation. — From nitro-ethane (6 c.c.), 
ice, potash (15 c.c., containing 6*7 g. KOH), and 
NaNO, (15 o.c. containing 8 g.). Dilute H 2 SO 4 is 
added, and the product extracted by ether (v. 
Meyer a. E. J. Coiystam, A, 214, 329). 

A’operties.—Light-yellow transparent tri- 
metric prisms resembling KNO,. Tastes sweet, 
and has an acid reaction. V. e. sol. warm, si. 
soL cold, water. Dissolves in aqueous alkalis 
and in baryta, giving a deep red solution. An 
ethereal solution is not coloured by dry NH, 
until water is added. Lead acetate gives a bril- 
liant orange pp., AgNO, gives an egg-yellow pp. 

Beactions.-—!. When heated to 82° it melts, 
and is completely decomposed, thus : 

2CH,.C(NO,):NOfl « 20H«00,H N, + NO,. 
The same decomposition occurs slowly in the 
cold, and quickly Ln boiling with an alkali. — 

2 . SoMum amalgam reduces it to acetic acid, 
nitrous acid, and NH,. Tin and HGl act in the 

' same way. In the case of sodium amalgam, 

3. ^nc. suMmric acid splits it up mto acetic 
•oid and N^, 


I Isomeride of sthyl-nitrolio Mid OflfigOg, 

I [ 75 % Formed by the action of sodiam amalgam 
upon nitro-ethane (Kissel, Bl. [2] 40, 72; J. B. 
15, 91). Prisms or needles (from chloroform). 
Acid in reaction, and forms salts with alkalis, 
•but their solutions are not red. 

ETHYL-NITRO-PHENYL- v. Nitbo-phenyl- 

ETHYL-. 

DI-ETHYL-NITBOSAMINE v. Dz-STBYir 

AUINB. 

DI - ETHYL - ISO - NITEOSO - AMYL - AMINE 

NEt,(0,H,NOH). [72°]. Large flat crystals ob- 
tained by acting on Guthrie’s amylene nitrite 
with diethylamine (Wallach, A. 241, 304). 

ETHYL n- OCTYL OXIDE Et.O.C,H„. 
(189-2°). S.G. § -8008. S.V. 244-9. C.E. (0°-10°) 
•00101 (Dobriner, A. 243, 6). (183°). S.G. ^ 
•805 (MOslinger, A. 185, 57). 

ETHYL-OXALIC ACID v. Oxalic acid. 
Di-ethyl-oxalio acid v. Oxy-hexoio acid. 
ETHYL-OXALYL-ANTHEANILIC ACID t). 
Cabboxy-phenyl-oxamio acid. 

ETHYL-OXAMIC ACID C 4 H,NO, i.e. 
NHEt.CO.COj;H. [120°]. Formed by heating 
the acid oxalate of ethylamine (Wurtz, A. Ch. 
[3] 30, 443). Its ether is obtained by treating 
oxalic ether with ethylamine, and may be sapo- 
nified by boiling water or by milk of lime (Wallach 
a. West, B. 8, 760 ; A. 184, 58 ; c/. Heintz, A. 
127, 43). Six-sided tables, v. sol. water, alcohol, 
and ether. May be extracted from its aqueous 
solution by ether. Sublimes in woolly needles. 
Cold cone. KOHAq decomposes it, giving off 
ethylamine. Boiling NH^Aq does not act on it.— 
CaA', 2aq : prisms.— CaA', 4aq (Duvillier a. 
Buisine, A. Ch. [6] 23, 849). S. 3-17 at 17-6°.- 
BaA’, aq. 

Ethyl ether EtA'. Ethyl-oxamethanc. 
(246°). Formed as above. Liquid, miscible with 
water, alcohol, and ether. Saponified by hot 
water. NH, converts it into ethyl-oxamide 
NHEt.CO.CO.NH,. PCl^ gives crystalline 
COiEt.CCLNHEt [above 60°], which is slowly 
decomposed at 100°, giving off EtCl and CO,. 

Di-ethyl-oxamic acid NEUCO.CO^H. 
[101°]. Prepared by saponification of the ether 
(Wallach, B. 14, 743; A. 214, 2701. Large 
monoclinic prisms. Y. sol. water ana alcohol. 
Split up by heat into CO, and di-ethyl-foftnamide. 
PClj forms NEtj.CO.COCl.— CaA', 2aq : v. e. sol. 
water and boiling alcohol. 

Ethyl ether EtA'. (262°), Formed by 
treating oxalic ether with diethylamine (Hof- 
mann, Pr.ll, 66; B. 3, 779; Heintz, A. 127, 
52). 

Nitrile NEt,.CO.ON. (220^. From un- 
symmetrical di-ethyl-oxamide, NEtjCO.CONBL 
and PjO, (Wallach, A. 214, 264). Liquid. SL 
sol. water. Volatile with steam. Lighter than 
water. Gives with PCI, a little chloro-oxal- 
ethyline. 

ETHYL-OXAipDE 04 H,N,O, i.e. 
NH,.CO.CO.NH^. [203°]. Prom ethyloxamio 
ether and NH,, or from oxamio ether and ethyl- 
amine (Wallach, A» 184, 65). Flexible needles ; 
may be sublimed. V. sol. not water. 

w-Dl-ethyl-oxamide OONH,.CONEtr [127°]. 
(267° oor.). From diethvl-oxamio ether and 
cold aqueous NH, (Wallacn, A, 214, 260). Long; 
prisms; sublimes at 100°. Sol. hot water and 
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lileolMil.’ Converted by PCI* into ohloro-oxal- 
ethyline 0*^ClNj. (Yield, bad^ 

5 .Di.athyl-oxamlde CO(NHEt).CO.NHEt. 
[175®] (Wallach, A, 214, 268) ; [179®] (Schffi, B. 
17, 1034). B.G. i 1-169 (Soliroder, B. 12, 1611). 
From oxalic ether and aqueous ethylamiue 
(Wurtz, A. Ch. [3] 80, 490). Needles. More 
Boluble in water and alcohol than oxamide. May 
be sublimed in crystals. Potash converts it into 
ethylamine and oxalic acid. 

Triethyl-oxamide NHEt.CO.CO.NEt 2 . (258°). 
Obtained from strong aqueous ethylamine solu- 
tion and diethyl-oxamio ether NEt^.CO.COOEt. 
Liquid; miscible with water; decomposed by 
PClj (Wallach, A. 214, 267). 

ETHYL-OXANTHEANOL v. Oxanthranol. 
DI-ETHYL-OXETHYL-AMINE V. OxY-TRi 

BTHYL-AMINB. 

DI-ETHYL OXIDE v. Ether. 

Ethyl peroxide (02H5)^03 (?) Obtained by 
passing a slow current of dry ozonised oxygen | 
over dry ether (Berthelot, C. R. 92, 895; A. Ch. 
[6] 27, 229). Syrupy liquid ; does not solidify 
at —40°. Explodes when distilled. Decom- 
posed by water into alcohol and HjOj. 
ETHYL-OXINDOLE v. Oxindole. 
ETHYL-OXY- v. Ethyl derivatives of Oxy-. 
DI-ETHYL-OXYALLYL-AMINE 
NEtj.OsH^OH. ( 0 . 160°). The most volatile of 
the bases obtained by the action of epichlorhy- 
drin on di-ethyl-amine (Reboul, 0. B. 97, 1188, 
1556). Thick liquid with powerful odour resem- 
bling that of diethylamine. V. sol. water. HCl fol- 
lowed by PtCl^ gives {NEt 2 C 3 H.,Cl(OH))jH 2 PtCl« 
crystallising in garnet-red prisms ; the corre- 
sponding baee NEt^.C^H^ClIOH) is the first pro- 
duct of the action of NEt.H on cpiohlorhydrin. 

ETHYL-OXY-PROPYL-AMINE 
(C3H„.0H)(C2H,)NH. (c. 160°). Formed by 

heating ethyl-allyl-amine with HjSO^ and pour- 
ing the product into water.— B'jHaCljPtCl* 2aq : 
V. sol. water (Liebermann, B. 16, 531). 

Oxy-propyl-di-ethyl-amine C,H,ON i.e. 
CH.(OH).CH2.CHj.N(C2Hs)-. Trimethylene^di- 
ethylalkine. (190°). S.G. ^ = -9199. Colourless 
liquid. Miscible with water. Formed by heating 
trimethylene-chlorhydrin with di-ethyl-amine. 
The platino-chloride forms very soluble 
orange-red prisms; the aurochloride forms 
thick plAtes; the piorate long soluble needles 
(Berend, B. 17, 612). 

Di-ethyl-oxypropyl-amine C,H„NO. (159°). 
Di-ethyUpropyl-alkine. Prepared by the ac- 
tion of diethylamine on propylone-chlorhydrin. 
(B'HCl)8PtCl<. V. sol. water (Ladenburg, B. 14, 
2407). 

Di-ethyl-di-oxypropyl-amine CjHj^NOm i.e. 
NEt2.C^.CH(0H).CH20^. Di-ethyl-propyl- 
glycolUne, (234°). Colourless oil. Soluble in 
water, alcohol, and ether. Formed by heating 
di-othyl-amine with glycerine-ohlorhydrin.— 

B. H^CljPtOl* : reddish-yellow tables (Roth, B. 

16, 1151). f 

Benzoyl derivative 

NEt2.CH2.CH(OH).CH2(OBz). Thick liquid. Its 
nicrate 0uHa»N03C«H2(0H)(N0.Jg crystallises 
m yellow plates ; v. si. sol. water. 
BTBrYL-OXYPROPYL-ANILINB 

C, H*.N(0.;H3)(C,H«.OH). Ethyl-phcnyl-propyl- 
alkine. ( 262 °). Colourless liquid. Insoluble m 
water. Very weak base. Formed by heating 


m 


ethyl-aniline with propylene-ohlorhydiin (Lauzii 

B. 17, 678). 

DI - ETHYL. OXY-FBOFYLENE-DIAXIHX 

0H,(0H).CH(NHEt).CH2(NHEt). (c. 186°). 
From epichlorhydrin and ethylamine (Beboul, 

C. R. 97, 1488). Syrup, miscible with water. 
Tetra-ethyl-oxy-propylene-dl^miine 

NjHEt^.CgH.OH i.e. 

CH2(OH).CH(NEt,).CH2.NEt2. 

According to Behrend (B. 17, 611) this base, 
obtained from diethylamine and the dichloride 
of allyl alcohol, is a liquid which cannot be 
distilled, but which forms an aurochloride 
B'(HAuCl 4)2 that crystallises in plates, sL sol. 
water, and also a benzoyl derivative 
CH,(OBz).CH(Nm 2 ).CH 2 NEt 2 , of which the pla- 
tino-chlorideB"HjPtCl 4 forms orange-red needles. 

Tetra-ethyl-oxy-propylene-diamine 
(C,H,. 0 H)(C,,H 3 ) 4 N 2 i.e. 

CH2(NEtJ.CH(OH).CH2(NEy.Te^ra-e^/i?/Z-allyf. 
alkine. (235°). S.G. | -9002. Colourless liquid, 
lighter than, and shghtly soluble in, water, 
Fonned by heating s-dichlorhydrin with diethyl 
amine, or by mixing epichlorhydrin with diethyl 
amine. The platino-chloride B"Hj,PtCl, 
forms long thick soluble prisms; the auro- 
chloride forms fine needles (Berend, B. 17, 
610; Reboul, C. B. 07, 1488). 

Benzoyl derivative CH(OBz)(CH 2 NEti)j. 
Gives an orange platino-chloride B"H 2 PtCl,. 
ETHYL OXYSULPHIDE v . Ethyl bulpo- 

OXII)E. 

o-ETHYL-PHENOL[4:l]C3H4Et(OH).P;iZorol. 
Mol. w. 122. (211°) (0.) ; (220°) (C.). 

Formation. — 1. From o-amido-phenyl-ethane 
by the diazo- reaction (Suida a. Plohn, Site. W, 
[2] 81, 245 ; M. 1, 176). When the ^ido- 
phenyl-ethane used is obtained by reducing the 
crude product of the nitration of ethyl-benzene 
the o-ethyl-phenol ipnstitutes three-fourths of 
the resulting product. — 2. By distilling barium 
phloretate with lime ; phenol being also formed 
(V. Oliveri, O. 13, 263).— 3. By fusing ethyl- 
benzene (3)-sulphonic acid with potash.— 4. 
From its methyl ether.— 6. By distilling gum 
ammoniac (1 pt.) with zinc-dust (lOpts.) (Ciami- 
cian, B. 12, 1668). 

Properties.— Colourless liquid smelling like 
phenol. Liquid at -18°. SI. sol. water, v. sol. 
alcohol and ether. Gives a greenish colouration 
with ferric salts. Dissolves in alkalis. Yields 
salicylic acid and a small quantity of m-oxy- 
benzoic acid when fused with potash. Reacts 
with cone. HNO* with explosive violence. 

Salt.— Ba(O.C«H 4 Et )2 2aq: leaflets, deoom- 
posing at 100°. 

Methyl ether CeH^Et.OMe. (185°) (0.); 
(191°) (S. a. P.). Heavy oil of pleasant ethereal 
odour. Not attacked by chromic acid xnixtm*e 
or by KMnO.. 

(«).Ethyl-plienol C 3 H 4 Et(OH). [47°]. (216°). 
Formed by fusing ethyl-benzene (a)-sulphonio 
acid with potash (Beilstein a. Kuhlberg, 166, 
•211 ; Fittig a. Ki^off, A. 166, 251). Ne4R11^8. 
SI. sol. water, v. e. sol. alcohol and ether. Its 
aqueous solution is coloured greenish-blue by 
Fe^Ols. When heated with P«Oj it gives phepyl 
phosphate and ethylene (Chruatschoff, B. 7, 
1165). Cone. HNO, gives CO . and oxalic acid. 

Ethyl-phenol C„U,Et.OH. (g|p4°-2I5°) (E.). 
S.G. 1 * 1-049 (A.). Propared by hQ^tting a mix- 
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tnTe of phenol and ethyl alcohol with zino* 
ohloiide (Auer, B. 17, 669). A mixture of ethyl- 
phenols is formed by this process (Errera, G. 14, 
484). Its aqueous solution is coloured greenish 
by lerric chloride. 

Ethyl ether 0,H^t(0Et). (200°) (E.>. 

Oxidised by KMnO* top-c«y-benzoio ether. 

Acetyl d«rtt>a«veOjH4Et(OAo). (o.226°). 

Di-ethyl-phenol OAEta(OH) [1:3:4?]. (225°). 
From m-di-ethyl-benzene. Gives a bluish-violet 
colour with FeOl,. 

Reference . — Di-bbomo-ethyl-pitenol. 

ETHTL-FHEKOL CAEBOX7LIC ACID v.Oxv- 


XTHYL-BBNZOIO ACID. 

ETHYL . PHENOL - PHTHALElN O^K.A. 
Formed by heating ethyl-phenol with phthalic 
anhydride and ZnClj (Auer, B. 17, 671). Grey 
crystalline powder (containing aq). V. sol. 
alcohol and ether, insol. water. Dissolves in 
' allies forming a violet solution. 

0- ETHYL -PHENOL SITLPHONIC ACID 
C4H,Et(OH)SOjH. From o-ethyl-phenol and 
cone. H^SO, (Suida a. Plohn, Sitz. W. [2] 81, 
245; M. 1, 179). Very deliquescent minute 
needles. — BaA'j fl:aq : pearly plates. Its solution 
gives a white pp. with lead salts and a dirty- 
green pp. with copper salts. 

(a).Ethyl-phenol sulphonic acid 
0,H,Et(0H).S0^. From (a) -ethyl-phenol and 
cone. H2SO4 (Fittig a. Kiesoff, A. 156, 264). — 
BaA^, : prisms. S. 4-7 at 17° (Baumann, H. 4, 
813).— BaCjHHO^ : insol. water. 

ETHYL-DIPHENYL C,H,.C4H,(C2H,). [1:3]. 
(284°). S.G. 2 1*043. Formed by treating melted 
diphenyl and Aid, with C.Kfil C,H,Br, or 
with G^H^. The CsHjBr gives the best yield 
(Adam, A. Ch. [6] 16, 251; Bl [2] 47, 689). 
Colourless, mobile liquid. Oxidised with chro- 
mic acid it gives 0,H5.C,H4.C0;a [1:3] [161°]. 
Traces of CjH5.C,H4.COCH3 can be obtained as 
an intermediate product. Bromine at 180° easily 
produces a dibromide 0,4H,2Br,. [103°]. Insol. 
^cohol and ether. 

Di-ethyl-diphenyl S.G. 2 

•999. (c. 307°). Formed by treating melted di- 
phenyl and AICI3 with C»H., CaH^d, or CjH,Br, 
the latter giving the best yield (Adam). A colour- 
less liquid. Yfhen oxidised with chromic acid 
(1,3,6) diphenyl-di-carboxylic acid is obtained. 

i ?e/gren ce.— Pl-AMIDO-DI-ETHYL-DIPHENYL. 

ETHYL-PHENYL- v. Phenyl-ethyl-. 


ethyl-phenyl-acetig aldehyde 

C4H4Bt.CHyOHO. From di-ethyl-benzene by 
successive treatment with CrO,d, and water 
(Etard, A. Oh. [6] 22, 266). Liquid. Volatile 
yrith. steam. Decomposed by heating to 220°. 
Combines with NaHSO,. 

ETHYL-PHENYL-AinDO -NAPHTHOQUI- 


NONE V. KAraTHOQUXNONI-XTHYL-ANILIDX. 

STHYL-PHENl^AKINE v. Auido-phenyl- 


TEI-ETHYL-PHENYL-AMMONIUM HY- 
DSOXIDS 9. E^lO‘hy3gfxide of Di-ethyl- 

- ETHYL 2 PHENYL -ABSONIUM com- 
pounds V. Absknio, Organic ccmwimda of. 
ETHYL-PHENYL BENZYL KETONE v, 

BxinSXL XTHIL-BBmrZL BROMB. 

p-ETHYL-PHENYL-p-MOBUTYL-PHENYL- 
Tfifo-UBEA 04EL0X***H.S0NH.0 jH^C,H 4). 


from p-ethyl-phenyl thiooarbimide and 
phenyl-amine (Mainzer, B. 16, 2026). Small 
white prisms. Sol. hot alcohol. By phosphoric 
acid it is split up into p-isobutyl-phenyl thio- 
oarbimide p-ethyl-phenyl thiocarbimide, p-iso- 
butyl-phenyl-amine, and p-ethyl-phenyl-amine. 
ETHYL-PHENYLENHDIAHINE V. Phenyl- 

ENB-E THYL- DIAMINE. 

ETHYL-DI-PHENYL-ETHANE 0. Phenyl- 

BTHYLPHENYL-BTHANE. 

ETSYL-DI-PHENYL-ETHYLENE 

C.H,.OH:CH.OaH4Et. [90°]. Formed from 
pLCH3.CH(OH).OaH4Et and boiling dilute 
H,S04 (S5llscher, B. 16, 1681). Plates, v. e. sol. 
ether. 

Di-ethyl-di-phenyl-ethylene 
C4H4Et.CH:CH.OaH4El. Di-ethyl-stilbene. [136°]. 
Obtained by distilling the product of the action 
of H2SO4 on a mixture of ethyl-benzene and 
Et.O.CH01.CH2Cl (Hepp, B. 7, 1414). Pearly 
plates (from alcohol); si. sol. cold alcohol, v. 
sol. ether. Boiling dilute HNO, oxidises it to 
terephthalio acid. It combines with Br. 

DI-p-ETHYL-PHENYL-OUANIDINE 
HN:C(NH.CoH4Et)2. Di-p-plicncthyl-gmnidine. 
[138°]. Formed by the action of alcoholic NH, 
and lead oxide upon di-p-ethyl-phenyl-thio-urea 
(Paucksch, B. 17, 2804). Large transparent 
tables. V. sol. alcohol, ether, and CS... 
— B"H>Cl,PtCl4 : glistening plates. 

ETHYL-DI-PHENYL-KETONE V. Phenyl- 

BTHYL-PIIENYL-KETONB. 

DI-ETHYL-PHENYL.METHANE V. Amyl- 

benzene. 

p - ETHYL -PHENYL-(a) -NAPHTHYL-THIO- 
UEEA C,oH,NH.CS.NH.C„H,Et. Phenethyl{a). 
naphthyl-thiourea. [148°]. Prepared by mixln;' 
(a)-naphthyl thiocarbimide and ethyl-phenyl- 
amine in alcoholic solution (Mainzer, B. 16, 
2022). Small white needles. Sol. hot alcohol 
and ether. By phosphoric acid it is split up 
into p-ethyl-phenyl-thiocarbimide, (a)-naphthyl- 
thiocarbimide, jp-ethyl-phenyl-amine, and (a), 
naphthylamine. 

p.Etbyl-phenyl-(/3)-naphthyl-thio-urea 
C,„H,NH.CS.NHC«H^Et. [169°]. Prepared as 
above, using (j8)-naphthyl-thiocarbimide ( (8)- 
naphthyl mustard-oil) (M.). Small plates (from 
alcohol). M. sol. hot alcohol and ether. Split 
up like the (a)-isomeride by phosphoric acid. 
DI-a-ETHYL-DI-FHENYL-PBOPIONIO ACID 
i.e. (04H4.C2H,)2:C(0H,).C0,H. [116°J. 
Prepared by aissolving ethyl-benzene and pyr- 
uv)c acid in H2SO4 (Bottinger, B. 14, 1597). 
Transparent tables. Sol. ether, chloroform, and 
ligroin. 

ETHYL - PHENigb - PEOPYL - ALKIHE v, 

EXHYL-OXYPimPYL-ANlLINB. 

ETHYL PHENYL SULPHONE u. Phbnyl 

ETHYL SULPHONE. 

ETHYL-PHENYL D1-8ULPH0XIDE v. Ben- 
zene THIOSULPHONIO ACID. 

ETHYL-PH^NYL-THIOBIUEET v. Ethyl- 
derivative of Phenyl-thiobitjret. 

o-ETHYL-PHENYL THIOCAEBIXIDE 

(240°-246°). o-Phenethyl-mus- 
tard oil. Colourless mobile liquid. Formed by 
heating the thio-urea with phosphoric acid 
(Paucksch, B. 17, 2802). 

p-Ethyl-phenyl tkloearbimide 
SCN.OjH4(0,HJ. Phmethyl mustard oU, (266°). 
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Uqtiid. Formed by distilling di^-ethyl-phenyl* 
thioarea with phosphoric acid ^ainzer» B» 16, 
2020 ). 

DI^BTHYLPHENYL.THIO.Tmi;A 
0„^,S i.a. SC(NH.O„H,Et)a. White 

needles. Obtained by heating o-amido-ethyl- 
benzene with GS, and a little NaOH (Faucksoh,. 

B. 17,767). 

Di-p*ethylphenyl-thio-urea 
O^Ha^NjS i.e. S0(NH.0eH,Et)2. [146®].,Obtamed 
by heating p-amido-ethyl-benzene with CS.^ and 
a little NaOH (Pauoksoh, B. 17, 768 ; c/. Main- 
zer, B. 16, 2019). Pearly plates. Soluble in 
hot, s parin gly in cold, alcohol. 

ETHYL-PHENYL-TOLUENE «. Benztl- 

BTHYL-BKNZENB. * 

DI-p-ETHYL-PHENYL-UEEA 

OC(NH.OeH4Et)2. Di-p-phen-ethyl-urea. [217°]. 
Long transparent needles. Formed by the action 
of carbonyl chloride (COCI J uponp-ethyl-phenyl- 
amine (Paucksch, B. 17,2804). 

PENTA-ETHYL-PHLOKOGLUCIN 

C, Et,OgH i.e. 0«EtO,(Et,),(OH). [92°] ? 

Preparation.— Phloroglucin (1 mol.) is 
warmed with KHO (3 mols.) and EtI (3 mols.) 
in alcoholic solution. The alcohol is finally 
distilled off and the residue dissolved with water 
and extracted with ether. 

Properties. — Yellow indifferent body; when 
repeatedly crystallised from weak alcohol, it 
forms white plates. It is not acted on by boil- 
ing HIAq. It reacts with more EtI and KHO, 
showing that it still contains a HO group, form- 
ing an oil CjsHjoOs or hexa-ethyl-phloroglucin 
CyOsEt,, (Herzig a. Zeisel, M. 9, 217). 

ETHYL PHOSPHATES 

Mono.ethylortlio-pho8phateC.^,H40.PO(Oipj. 
Ethyl-phosphoric acid. Formed by the action 
of phosphoric acid on alcohol or ether (Lassaigne, 
A. Ch. [2] 13, 294 ; Pelouze, A. Ch. [2] 62, 37; 
Liebig, A. G, 149; 13, 32; Church, Pr. 13, 620; 
Vogeli, P. 74, 282). A mixture of alcohol (1 
pt. of 96 p.o.) with syrupy ortho- or pyro-phos- 
phoric acid (1 pt.) is heated for some minutes to 
70°, left to stand for 24 hours, and then diluted 
with water and neutralised with BaCO,. The 
Ba salt is crystallised and decomposed by 
HjSO^. 

Properties. — Colourless viscid liquid miscible 
with wateir, alcohol, and ether. It reddens litmus 
and tastes sour. It gives off ether, alcohol, and 
ethylene when heated. Distilled with KOAc it 
yields acetic other. 

Salts.— Soluble in water and crystalline. 
Most of them have a maximum degree of solu- 
bility at 40° to 60°. The lead salt is the least ' 
soluble: AsjA",: feathery crystals (Church). — 
BaA" 6aq ; prisms or tables. S. 8*4 at 0° ; 6*72 
at 20° ; 9-86 at 40° ; 2*80 at 100°.— BaA"aq (0.). 
— BaA"7aq {C.).—CaA" 2aq ; micaceous scales. 
— FeA",8aq: straW-yollow films (C.). — 
Fe,AlA",6aq (Church). — FeAlA", 8aq (C.). — 
FeAljA"-6aq (Church).— Fe.A'|6aq (Church). 
— PbA"aq.— Hg^"2aq (?) (Church).— XJrOjA'; 
lemon -yeUow mass. — AgA'aq: crystalline. — 
Tetra-ethyl-ammonium salt (NEtJjA": 
deliquescent mass of crystals ; split up by heat 
into triethylamine and tri-ethyl phosphate. 

Chloride EtO.OPClj. (I67°h Formed by 
the action of alcohol (1 mol.) on PO01| (1 mol.) 
or by passing chlorine into a mixture of alcohol 


(2 mols.) and PCI, (1 mol.) (Wiohelhaus, A, 
Suppl. 6, 265). Formed also ny heating'Et,P04 
with POGl, eft 110° (Chambon, 1876, 205). 
Oil ; split up at 160° into EtCl, POCl, and P^O^, 
but may be distilled in a current of hydrogen; 
•Decomposed by water intoHCl andEtO.OP(OH)~ 
PBr» gives EtBr, POBrj, andPOBrCl,. 

Di-ethyl phosphate (EtOj.^PO.OH. DUeiJvyl- 
phosphoric acid. Prepared oy placing PjO, in a 
j dish over dry ether, or, better, alcohol under a bell- 
jar. In a fortnight the acid will have deliquesced, 
and the syrup may then be treated with PbCO.,. 
The resulting lead salt is decomposed by H.^S 
(Vogeli, A. 69, 180). Syrup; decomposed by 
heat.— CaA'a : silky groups of cryst^s (from 
wate^ ; v. sol. water, si. sol. alcohol ; gives off 
EtsPOi when heated.- PbA'j : [180°] ; groups of 
crystals resembling caffeine (from water) ; v. sol. 
cold water and hot alcohol. At 190° it gives off 
EtsPO, leaving PbEtPO^.— The barium #aU 
forms needles or laminae, v. sol. water. 

Chloride (EtO)aOPCl. FromPOCl,(l mol.) 
and alcohol (2 mols.) also from Et,P04 and Cl 
(W.). 

Bromide (EtO)20PBr. From EtjPO* and 
Br (W.). Cannot be distilled. 

Tri-ethyl phosphate EtgPOi i.e. OP(OEt),. 
Phosphoric ether. (215°). S.G. 1-072. 

Formation.~l. By heating Pb(Et2P04)2 to 
190° {v. supra).— In small quantity in the 
preparation of di-ethyl phosphate (V.). — 3. By 
heating Ag^PO^ with Agl at 100°, exhausting the 
mass with ether, and distilling in vacw> (De 
Clermont, A. 91, 876). — 4. From POOl, and 
NaOEt (Limpricht, A. 134,347).-5. By treating 
dry alcohol with POCl, or PPj (Schiff ; Carius, 
A. 137, 121). 

Properties. — Limpid liquid with peculiar 
odour. In a current of hydrogen it boils at 
203°. Sol. water, alcohol and ether. Slowly 
decomposed by contact with water forming 
HEt^PO^. POCl, at 110° forms EtO.POClj. 
When PCI3 (1 pt.) mixed with pure ether' is 
dropped upon dry NaOEt (6 ^t4.j suspended in 
ether and the product distilled m a current of 
hydrogen there is obtained a compound (158° 
cor.). S.G. ^ -960 which may be 0,4Hj8P.30, or 
(Et,P04)(Et3POj){EtOH) ; it is slowly split up by 
distillation into its components (Geuther, A, 
224, 276). 

isthyl metaphosphate EtPO, ? (below 100°), 
From load metaphosphate and EtI (Carius, J, 
1861, 686). Water converts it into Et^PO,. 

Tetra-ethyl pyrophosphate Et^P-O,. S.G. 
II 1- 1 72. From silver pyrophosphate by heating 
at 100° with EtI (De Clermont, A. 91, 876). 
Viscid liquid with peculiar odour and burn- 
ing taste. Decomposed by heat. Bums with 
whitish flame. Sol. water, alcohol, and ether. 
It turns acid when exposed to the air. Potash 
forms KEtjPO^. 

ETHYL-PHOSPHINE O^H^P i.e. PH,Ei 
Mol. w. 62. (25°). WkenEtlandPH«IareheateA 
together with ZnO at 150° there is formed 
PEtHjI and PEt^H,!. On treating the w^uet 
with water PEtHjI is deoomi^Bed into HI end 
gaseous PEtH, while PEt,H,^ is not affected, li 
after expelling PEtH, aqueous NaOH be no^ 
added it will Uberate PEt^H (Hofmann, £.4, 48$f}. 
PHjEt is fJso formed when ethylene bK^de, 
PH4I, tod ZnO ore heated tipgdiher (Hofmaiii, 
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B. 6, 802J, Vtey Tolatile Hqaid. It has no 
action on litmus. Has an overpowering odour ; 
its vapour produces an intensely bitter taste in 
the throat. It bleaches cork. Takes fire with 
Cl, Br, or fuming HNO,. Combines with S and 
CS. forming liquid bodies. 

Salt. — PEtHfl: four-'bided tables, decom- 
posed by water, pt^ally decomposed by alcohol ; 
insol. ether. It is ppd. in crystalline form by 
adding ether to its solution in oonc. HlAq. 

£thyl-di-chloro-phoiphine EtPCIj. Ethyl- 
chloride. (110°). Formed by heat- 
ing PCI, (4pts.) with mercuric ethide HgEt, 
(1 pi) (Michaelis, B. 18, 2174). Liquid smelling 
like apples. Fumes in the ^r. Is readily de- 
composed by water. With Cl it gives EtPCl* a 
solid which decomposes at 100°-150°and is con- 
verted by water into EtPOCl„ a liquid boiling 
about 176°, which is decomposed by further 
treatment with water. 

Di-ethyl-phosphine Et^H. Mol. w. 90. 
(86°). Is prepared as above (Hofmann, B. 4, 
483). Oil with powerful odour; lighter than 
water. Absorbs oxygen from the air, sometimes 
taking fire. Combines directly with sulphur and 
with GSj forming liquid compounds. Its salts 
crystallise with diflBculty. 

Tri-ethyLphosphine FEt,. Mol. w. 118. 
(128°). S.G.14-812. 

Formation.— 1. By the action of PCI, on 
ZnEt, (Hofmann a. Cahours, C.J. 11,56; A. 
104, 1 ; Suppl. 1, 2). The tri-ethyl-phosphine 
remains combined with ZnCl^ but may be 
liberated by distillation with aqueous potash. — 
2. By the action of phosphide of sodium on EtI 
(Berl6, J, pr. 66, 78).— 8. When a mixture of 
zinc, phosphorus, and dry Etl is heated at 155° 
there is produced, together with ZnEt.^, a mix- 
ture of (P£t,Hl) 2 Znl 2 with (PEt,I)^Znl 3 and 
(PEt,0)2ZnI,. These compounds may be 
separate bv water, the first being the least and 
the second tne most soluble. The first yields PEt, 
when treated Atitji cold potash, the third yields 
it when heated with solid KOH (Hofmann, C. J. 
18, 291). — 4. When zinc phosphide obtained by 
passing dry PH, into a well-cooled ethereal solu- 
tion of ZnEt, is heated with (5 pts. of) Etl at 
160° it forms (Et,PHI),ZnI, (Drechsel a. Finkel- 1 
stein, B. 4, 852). I 

JP^^)arafion.—l. PCI, is allowed to drop 
slowly mto an ethereal solution of ZnEt, placed | 
in a retort filled with CO, connected with a 
tubulated receiver. The reaction is violent, and, 
to avoid bss, the other tubulure of the receiver 
is connected with a Y tube containing PCI, com- 
mnnicating with a vessel full of CO,. The liquid 
separates into two layers, the lower being the 
zinc double salt of PEt,; this salt is distilled 
with aqueous KOH in a current of hydrogen. It I 
is dried with solid KOH and rectified in hydro- 
gen (Hofmann, 0. J. 18, 290).— 2. PH J (1 mol.) 
is heated with dcohol (8 mols.) for 8 hours at 
180°. The . product ooiliaining PEt,HI and 
PEt J is dUtiUed with potash (Hofmann, B. 4, 
207). 

Propeffiss.—ColourlesB, mobile, liquid. Its 
odour IS very penetrating but not disagreeable ; ; 
when diluted it smells like hyacinths. When 
freshly prepared it has no action on litmus, but 
if exposed for a few seconds to theair it becomes 
acid. It is insol. water, miscible with alcohol 


and ether. It unites with acids forming vety 
deliquescent salts. 

EeacHons. — 1. Bapidly absorbs oxygen from 
the air, becoming PEt,0. It often takes ire in 
pure oxygen, forming P^O,. Its vapour mixed 
with oxygen explodes when heated.— 2. Sulphur 
combines with it forming PEt,S.— 3. Selenium 
gives PEt,Se.— 4. Sulphide of carbon unites 
with it forming red monoolinic crystals of 
PEtjCS,^[95°]. Hence CS, and PEt, may be 
used to detect one another; thus, when the 
vapour of CS, is poured over a watch glass in 
which there is a liquid containing free PEt,, a 
beautiful net-work of the red crystals will appear. 
The crystals are insol. water, si. sol. ether, m. sol. 
warm alcohol and CS,. They dissolve in cone. 
HClAq, formings colourless solution from which 
they are re-ppd. by KOH unaltered. Water at 
100° gives PEt,S, PEtjO, and PMeEtjOH. Boil- 
ing with alcohol and Ag,0 forms PEt,S and CO,. 
H,S also gives PEtj,S and yellow crystals of 
C,H,.PS 3 , which are converted by hot water 
into CS, and CjH, 9 pSO, whence CjHjgPSI may be 
prepared. Platinio chloride forms the compound 
(PEtjCS.J,HPtCl„ an amorphous light yellow 
salt.— 5. When PEt, is poured into a flask con- 
taining chlorine every drop takes fire, PCI,, HCl, 
and carbon being formed. If the reaction be 
moderated a crystalline compound PEtaCl, is 
formed. This melts near 100°, but has a very 
high boiling-point. Bratnine and iodine act in 
the same way.— 6. Ethylene bromide forms 
CH,Br.CH,.PEt,Br and 0,H,(PEt,Br),. Ethyl- 
idme bromide, ethylidene chloride, and EtCl act 
in like manner. Ethylene iodide, however, acts 
with explosive violence, forming PEt, I, and 
ethylene. — 7. Chloro - acetic ether forms 
PEt 3 Cl.CH,.CO,Et (Hofmann, Pr. 11, 526).-8. 
Allyl thiocfirbmide (oil of mustard) forms 
CANCSPEt, possibly CsH.NEt.CS.PEt,. ^ It 
forms large crystals (from ether) [68°] and gives 
with H.^tCl, the salt B^,HJPtCl8 (Hofmann, IV. 
1860, 410). — 9. Phenyl-iliio-carbimide forms in 
like manner ‘ phenyl - tri - ethyl - phospho-thio- 
urea’ CS(NPhEt)(PEt,) [68"] (Hofmann, Tr. 
1860, 432). It forms monoclinio crystals (from 
ether) , isomorphous with CS(NC,HjEt) (PEU and 
with allyl thio-urea. It decomposes at 100°. It 
is insol. water, sol. alcohol and boiliu^ ether. It 
is very soluble in dilute acids, forms easily orys- 
tallisable salts. HNO, forms phenyl thiocarb- 
imide and PEt,0. Boiling aqueous NH, forms 
I phenyl-thio-urea and PEt,. KOH gives PEt,, 
drphenyl-thio-urea; K,S, and K.^CO,. CS, forms 
the redPEtgOS,. Phenyl-tri-ethyl-phospho-thio- 
urea forms the following combinations : B'HCl . 
cadmium yellow crystals, decomposed by boiling 
water. — B'^H,PtClu. — B'Mel : golden needles 
(from boiling water). — (B'MeCl) 3 PtCl 4 . — 
B'MeOH: decomposed on boiling into PhNC3 
and PEtjMeOH.— 10. Ethyl sulph^yanide forms 
PEtjS and PEt 4 Cy. — 11. Tn-ethyl-phosphine 
merely polymeWses cyanic acid and its ethers,— 
12. Mercaptan even at 100° has no action unless 
air be present.— 18. Iodoform reacts with rise of 
temperature, producing CH(PEt,),I, which crys- 
tallises from alcohol. It is v. sol. water, si. sol. 
^oohol, insol. ether. Aqueous Znl, gives in its 
solution a pp. of |CH(PE 03 l,}j 8 Zni 3 . Platinio 
chloride mves {OHrPEtajjClsIJPtOl*, which orys- 
toUises from alcohol m rectangular lamina. 
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Moist AggO fonns PEt,Me(OH) and PEt,0 (Hof- 
mann, Pr. 10, 189 ; 11, 290).— 14. Ohlorofonn 
or CCI4 give 0H(PEt3),Cl3. — 16. By dropping 
PEtg upon cooled chloro-acctic acid in a vessel 
full of hydrogen there is formed Et,PCl.CH...C02H 
‘ the hydrochloride of phosphorus betaine ’“(Letts, 
Tr. E. 80, 286 ; Pr. E. 11, 40). This compound 
crystallises^ from ether in colourless needles, it 
has an acid reaction, and its platinoohloride 
forms thick light orange needles. The com- 
pound EtgPCl.CH2.CO2H splits up at 145“ into 
CO2 and PEtgMeCl. Solid KOH gives PEtgO 
and potassium acetate. Moist AggO forma 
EtjP(0H).CH2.C02H which, when dried over 

PgO* in mcim, becomes EtgP<;^Q^Jp>CO, a very 

deliquescent neutral substance. HBr converts 
it into EtjPBr.CHg.COjH, which forms dimetric 
plates (from alcohol and ether). It is split up 
by heat into CO2 and PEtjMeBr. HI converts 
Et8P(0H).CH2.C02H into very deliquescent 
granular crystals of the acid EtgPI.Cl^COjH. 
PEt3Ol.CH2.CO2H is converted by AgjSO^ into a 
very deliquescent sulphate which is split up by 
heat into COj and (PEt3Me)2S04.— 16. PEt, 
mixed with an equimolecular quantity of cooled 
chloro - acetic ether forms very deliquescent 
PEtjCl.CH^.CO.Et which melts below 100°, and 
at a higher temperature is split up into PEtgMeCl, 
COg, and ethylene. It forms a crystalline platino- 
chloride, and is converted by moist AggO into 

EtgP<;^Qj^^O, alcohol, PEtgO, and acetic ether. 

Solid KOH forms PEtgO, acetic ether, and ECl 
(Letts, Tr. E. 30, 285). — 17. Bromo-acetic ether 
forms in like fanner an extremely deliquescent 
compound which melts below 100°, and is split 
up by heat into PEtgMeBr, COg, and ethylene 
(Letts).— 18. Bromo-acetic acid forms a colour- 
less liquid which if heated to 100° and allowed 
to cool solidifies. The product consists of at 
least two substances : one of these substances, 
(PEtgBr.O.CO.CHg ?), when treated with potash 
yields PEtgO and KOAo ; the other, which is per- 
haps PEt3H,O.CO.CH2Br, yields PEtg with KOH. 
The first compound is also formed when PEtgO is 
treated with acetyl bromide (Letts, Tr. E. 30, 
286). 

Salts. — The hydrochloride, hydro- 
bromide,«hydroiodido, sulphate, and ni- 
trate are crystalline but extremely deliquescent. 
—(PEtgHI)2Znl2: tablets.— (PEtg)2H2PtClg: crys- 
talline, si. sol. cold water, insol. alcohol and ether. 
By boiling PEt, with aqueous platinio chloride 
there are formed two isomeric compounds of tl!e 
formula (PEt3)2PtOl2, a white substance insol. 
ether, and a yellow substance crystallising from 
ether in prisms [160°]. Thrf yellow substance is 
insol. water, and is converted into itk isomeride 
by heating with alcohol at 100°. When boiled 
with water and PEt, it forms (PEt3)4PtCl2 (Ca- 
hours a. Gal, E. 1870, 860, 437).— (PEtOjPdOl,. 
-(PEg4Pt2Clg.-(PEt,)4PtCl2Au2Clg.— 
(PEtglgAuOl. 

Tri-ethyl-phosphine oxide PEtgO. Mol. w. 
134. [44°] (H.); [63°] (P.). (243° uncor.). 

V.D. 4*60 (calc. 4*66). 

Formation.-—!. Prom PEt, by atmospheric 
oxidation or by gently heating it with HgO or 
AggO (Oahours a. Hofmann, A. 104, 18).— 2. By 
distilling PEtgOH, the other product being 


decomposing (PEt.01KZn01,*ith 
solid KOH and a little water (Pebal, A. 120, 
194).— 4. From EtOPClg and ZnEt2(Wichelhati8, 

■®.* heating clear phosphorus (1 pt.) 

with Etl (18 pts.) for 24 hours at 180°, and boil- 
ing the product with alcohol. The residue is 
evaporated and distillgd with KOH (4 pts.) (Crafts 
a. Silva, Z. 1871, 359 ; cf. Carius, A. 136, 187). 

FI3 (1 mol.) is heated with Etl (3 mols.) 
iodine is given off, and a body is left which when 
treated with solid KOH yields PEt,0 on distilla- 
tion (Emmerton, Am. 4, 9). 

Properties. — Slender white deliquescent 
needles. Dissolves in all proportions in water 
and alcohol, less s^. ether. Very slightly vola- 
tile with steam. Separates as a liquid when 
solid KOH is added to its aqueous solution, or 
when ether is added to its alcoholic solution. 
Converted by HBr into PEtgBrg, and by HI into 
PEtglg. It ip not affected by H^S or by halogens. 

It forms crystalline compounds with some me- 
tallic salts : (PEtgO), CuSO, : deliquescent, four- 
sided, green prisms jPebal).— (PEt,0)2Znl2 : 
[99°] ; crystalline pp. which, when crystallised 
from alcohol, forms monoclinic cryst^s; a:h\6 
-'905:1: -331; 8-83° 13'. 

Tri-ethyl-phosphine oxy-chloride (PEtg)20Cl2. 

By passing dry HCl over fused PEtgO shining 
crystals are formed, which are dissolvedinHClAq 
and the solution is then evaporated (Hofmann). 
Very deliquescent crystalline mass, sol. water 
and alcohol, insol. ether. The solution treated 
with platinio chloride in saturated alcoholic solu- 
tion yields (PjEtjOjCggPlCli, which crystallises 
from alcohol in large orange monoclinic prisms; 
o:6:c = '631:1:1'578; 8 -73° 42' (Hofmann, Tr. 
1860, 419).— (PEggOClgZnC^: transparent oota- 
hedra, sol. water and alcohol. By the action of 
HCl on PEtgO Crafts a. Silva obtained a com- 
pound PEts(OH)Cl [128°]. 

Tri-ethyl-phosphine sulphide PEtgS. [94°]. 

Formation. — 1. By adding flowers of sulphur 
to an ethereal solution of PEt, rafter evapora- 
ting the ether the residue is h^ted with boiling 
water which dissolves PEtgS only, depositing it 
in crystals on cooling. — 2. By distilling PEt, 
with cinnabar. — 4. By decomposing PEtjCS, 
with water or AgjjO. — 6. By the action of mer- 
captan on PEtg in presence of air. 

Properties .— hexagonal needles (from 
water); a:c«l: *821. Sol, water, v. sol. alcohol 
and ether, v. e. sol. CSj. Volei^llo with steam. 
Decomposed by sodium giving Na_.S and PEt,. 

It may be separated from its aqueous solution by 
KOH. Its aqueous solution is neutral to litmus, 
but it dissolves more readily in HClAq than in 
water, and the solution gives an unstable yellow 
pp. with platinio chloride. Tlie aqueous solution 
is not affected by boiling aqueous lead acetate or 
AgNO, or by HgO, but these substances become 
BulpUdes when added to its alcoholic solution. 

Tri-etiiyl-phosphine selenide PEtgSe. [112°]. 
From PEt, and selenium. Crystallises from ^ 
water, but turns red i^ air. 

Tetra-ethyl-phosphoninm ochupoundt. 

PEt4(OH2. When PEtgl is digested witl^ water 
and Ag,6 there is formed a strongly alkaline 
bitter solution, which dries up over H2SO4 to an 
extremely deliquescent crystalline mass. This 
solid hy^xide absorbs CO, with avidity. Its so- 
lution behaves like KOH towards solutions of me- 
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tallie salts ; alomina and sine hydrate, however, 
dissolve less readily in excess of PBt^OHthanin 
KOHAq. PEtiOH is split up by heat into PEtjO 
and ethane,— (PEtJ^Of : split up by beat into 
PEtgS, PEtjO, and charred products. Chlorine 
at 130® forms (PBtJjS^Cl^, a yellow body 
(Masson a* Kirkland, O,^/, 55, 183). Bromine 
vapour at 110° gives (PEt4)2SO,Br,2 and 
(PEt^laSO^Br,.— (PEt^lgCO,: resolved by heat 
into PEt,, PEt,0, di-ethyhketone, and 

C02.--PEt4Cl I deliquescent. Besolved by heat 
into C,H4 and PEt,HCl (Letts a. Collie, C. J, 
Proc. 2, 164).— PEt4Cl, : deliquescent ; decom- 
posed by water, forming PEt,Cl (Masson a. Kirk- 
land, 0. J, 55, 132).— PEt4iUCl4 : yellow needles 
(born water).— jPEt401)^tul4 : regular octahedra 
(from water); si. sol. boiling water, insol. alcohol 
and ether.— (PEt4Cl)s2BiCl3: six-sided tables 
(Jorgensen, J, pr. [2] 8, 345).— (PEt4Cl)2ZnCL : 
from ZnEt^ by gradual addition o** POCI3 fol- 
lowed by water (Pebal, A. 120, 198) ; colourless 
dimetric crystals, permanent in the air and v. 
sol. water. — (PEt,Br)32BiBr3 (J.). -PEt,!!!*,: 
formed by evaporating an alcoholic solution of 
the following salt. Bed crystals. — PEt4Br7 : from 
PEt4Br and bromine vapour at 110°. Violet 
crystals (M. a. K.).— PEt4lCl2.— PEt4lBr4. — 
PEt^IBr^.— PEt,! : formed with great violence 
when PEtj and EtI are mixed. Ehombo- 
hedra, isomorphous with Agl. V. sol. water, 
^m. sol. alcohol, insol. ether. The aqueous solu- 
* tion crystallises on addition of KOHAq in wdxich 
it is but slightly soluble. It is not decomposed 
by KOHAq.— (PEt4l)2ZnIj: crystals ; foruied by 
heating crystaolised phosphide of zinc with EtI 
at 176° (Cahours, A. 112, 228; 122, 192).— 
P£t4l,: [67°] ; brown plates (Jorgensen, K.1871, 
770).-PEt4lTll3 (Jorgensen, J. pr. [2J 6, 82).- 
(PEt4l)32BiCl,.— (PEt4l)s2BiL, : brick-red crystals 
(J.). The acetate is resolved by heat into 
PEtjO, methyl ethyl ketone, CjH,, CH,, and CO^. 
The benzoate is resolved by heat into PEtjO, 
phenyl ethyl^ ketone, and benzene (Letts a* 
Collie). ^ 

Tri-eUiyl-phosphine methylo -iodide 
PEtaMel. From PEt, and Mel. Gives rise to 
PEtjMeOH, to (PEt,MeCl)2PtCl4, and also to 
PBt,MeCl which decomposes above 800° into 
ethylene and PEtjMeHCl (Collie, C. J, 53, 714). 

l^ethyl-phosphine chloro-methylo-ohloride 
Et,P(OH,Cl)Cl. Formed by treating PEt, (1 
mol.) with methylene chloride (1 mol.). Further 
treatment with PEt, gives CH2(PEt3Cl)2, which 
is decomposed by water into PEtjMeCl and 
PEtjO (Hofmann, Pr, 11, 290). 

Tri-ethyl-phosphine iodo-metbylo-iodide 
£t,P(OBil)I. Formed in like manner from 
PEt, imamethylene iodide (Hofmann, Pr. 10, 
618). Moist Ag,0 gives Et,P(CHjI)OH whence 
(Et,P (CH2l)Cl)2PtCl4. 

Tn-ethyl-pho«phine allylo-iodide PEt,G,H J. 
From PEt, and allyl iodide (Hofmann, Tr, 
1860^442). Splendid ne^es. Successive treat- 
ment with moist Ag^*and hy^ogen sulpho- 
oyanide gives PEt,0,H,SCy which crystallises 
with diMonlty. 

Tri-ethyl-phosphine propylo-chlorlde 
PBt,PrCL Split np by heat into Btj^rPHOl 
and ethylene (Collie, C, J, 68, 714). 

Tii-ethyl-phosphise iseamylo-iodide 
p£t,CtH|iL PEt, and isoamyl iodide 


in ethereal solution. Porifled by loltlUon (n 
alcohol and ppn. by ether. Gives v»ith moist 
AgjO a hydroxide which on distillation appears 
to give ethane and di-ethyl-amyl-phosphino 
oxide. With HOI and PtCl^ the hydroxide gives 
prisms of (PEt,0,H„Cl),Pt0l4, si. sol. water, 
insol. alcohol, and ether. 

Benzylo-chbride PEtaOjHjCl. [178°]. 
Needles. Formed by heating PEt, with benzyl 
chloride at 130° in presence of alcohol. Above 
300° it* splits up into C^HTPEt^HCl and 0,H4 
(Collie, C, J, 63, 714). The benzyl-di-ethyl- 
phosphine OjHjPEt, so obtained boils about 
253° and forms a crystalline oxide CjHjPEtgO 
[330°] and sulphide C,H,PEt2S [95°] (300°-310°). 
By treatment of PEt ,C.H,C1 with AgjO, a strongly 
alkaline solution of PEtjC,H,(OH) is obtained. 
This base gives a very deliquescent crystalline 
iodide tind a sparingly soluble platinochloride 
(PEt30,H,Cl)2PtCl4. The base PEt,C,H,(OH) is 
split up by heat into toluene and PEt,0 (Collie, 
P. M. 24, 27). The hydro.xide does not form a 
normal carbonate, but it forms an acid car- 
bonate which is split up by heat into toluene 
CO2 and PEtjO. The sulphate on distillation 
gives PEtaO, SO.,, and PhCIL.CH.Ph.^ The 
bromide gives on distillation HBr, PEt, HBr, 
PEt^CjHjHBr, acetylene, Ac. The acetate 
gives PEtjO, methyl benzyl ketone, PEt,, and 
benzyl acetate. The oxalate gives PEtjO, 
toluene, CO.,, and CO. 

Tri-ethyl-phosphine bromo-ethylo-bromido 
Et,P(CH.2.CHBr)Br. [235°]. Produced, together 
with CH' (PEt3Br)2, by adding ethylene bromide 
to PEt^ mixed with twice its volume of ether 
until the liquid no longer gives with CSj the red 
crystals of PEtjCSo. The two products are 
separated by crystallisation from alcohol in 
which C3H4(PEt3Br)2 is much the more soluble. 
White unctuous elongated rhombic dodecahedra ; 
v. sol. water, m. sol. alcohol. It gives off HBr 
when heated. 

Beactions. — 1. Silver salts added to its cold 
solution throw down only half the bromine as 
AgBr; on continued boiling the whole of the 
bromine is ppd. with formation of salts of vinyl- 
tri-ethyl-phosphonium. -- 2. Moist Ag.^O forms a 
solution of Et3P(C.2H40H)(0H). - 3. Potash has 
no action in the cold. — 4. Zinc , and dilute 
K2SO4 form PEt4Br.— 5. It unites with PMcj 
forming C.2H4(PEt3Br)(PMe,,Br).— 6. PEt, give.s 
C2H,(PEt3Br)2. — 7. Ammonia gives rise to 
C.2H4(PEtjBr)(NH3Br) ; ethylamine,diethylamine, 
mad irimethylamine act in like manner.— 
8. Triethylamine when pure has no action at 
100° ; but in presence of moist alcohol it forms 
PEt3(C2H,OH)Br and NEt,HBr. 

Tri-ethyl-phosphine hromo-ethylo-ohloride 
Et3P(CH2.CH^r)Cl. From the preceding and 
AgCi. Crystallises with difficulty, v. sol. water 
and alcohol. Et3p(C.2H4Br)ClAuCl3 : light yellow 
needles (from boiling water ; si. sol. cold water),— 
{Et3p(C.2H4Bi)Cl}2ptCl4: long monoclinic orange- 
yellow prisms; a:6:c=®’9C9:l:’C58. May be re- 
crystallised from boiling water. 

Tri-ethyl-phosphine bromo-ethylo-lodida 
Et,P(CH,.CHir)I. Scales, si. sol. cold water. 
Obtained bv decomposing the sulphate by Bi^ 
The sulphate obtained from the bromide 
by Ag,S 04 forms long white neediest The 
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Moist AggO fonns PEt,Me(OH) and PEt,0 (Hof- 
mann, Pr. 10, 189 ; 11, 290).— 14. Ohlorofonn 
or CCI4 give 0H(PEt3),Cl3. — 16. By dropping 
PEtg upon cooled chloro-acctic acid in a vessel 
full of hydrogen there is formed Et,PCl.CH...C02H 
‘ the hydrochloride of phosphorus betaine ’“(Letts, 
Tr. E. 80, 286 ; Pr. E. 11, 40). This compound 
crystallises^ from ether in colourless needles, it 
has an acid reaction, and its platinoohloride 
forms thick light orange needles. The com- 
pound EtgPCl.CH2.CO2H splits up at 145“ into 
CO2 and PEtgMeCl. Solid KOH gives PEtgO 
and potassium acetate. Moist AggO forma 
EtjP(0H).CH2.C02H which, when dried over 

PgO* in mcim, becomes EtgP<;^Q^Jp>CO, a very 

deliquescent neutral substance. HBr converts 
it into EtjPBr.CHg.COjH, which forms dimetric 
plates (from alcohol and ether). It is split up 
by heat into CO2 and PEtjMeBr. HI converts 
Et8P(0H).CH2.C02H into very deliquescent 
granular crystals of the acid EtgPI.Cl^COjH. 
PEt3Ol.CH2.CO2H is converted by AgjSO^ into a 
very deliquescent sulphate which is split up by 
heat into COj and (PEt3Me)2S04.— 16. PEt, 
mixed with an equimolecular quantity of cooled 
chloro - acetic ether forms very deliquescent 
PEtjCl.CH^.CO.Et which melts below 100°, and 
at a higher temperature is split up into PEtgMeCl, 
COg, and ethylene. It forms a crystalline platino- 
chloride, and is converted by moist AggO into 

EtgP<;^Qj^^O, alcohol, PEtgO, and acetic ether. 

Solid KOH forms PEtgO, acetic ether, and ECl 
(Letts, Tr. E. 30, 285). — 17. Bromo-acetic ether 
forms in like fanner an extremely deliquescent 
compound which melts below 100°, and is split 
up by heat into PEtgMeBr, COg, and ethylene 
(Letts).— 18. Bromo-acetic acid forms a colour- 
less liquid which if heated to 100° and allowed 
to cool solidifies. The product consists of at 
least two substances : one of these substances, 
(PEtgBr.O.CO.CHg ?), when treated with potash 
yields PEtgO and KOAo ; the other, which is per- 
haps PEt3H,O.CO.CH2Br, yields PEtg with KOH. 
The first compound is also formed when PEtgO is 
treated with acetyl bromide (Letts, Tr. E. 30, 
286). 

Salts. — The hydrochloride, hydro- 
bromide,«hydroiodido, sulphate, and ni- 
trate are crystalline but extremely deliquescent. 
—(PEtgHI)2Znl2: tablets.— (PEtg)2H2PtClg: crys- 
talline, si. sol. cold water, insol. alcohol and ether. 
By boiling PEt, with aqueous platinio chloride 
there are formed two isomeric compounds of tl!e 
formula (PEt3)2PtOl2, a white substance insol. 
ether, and a yellow substance crystallising from 
ether in prisms [160°]. Thrf yellow substance is 
insol. water, and is converted into itk isomeride 
by heating with alcohol at 100°. When boiled 
with water and PEt, it forms (PEt3)4PtCl2 (Ca- 
hours a. Gal, E. 1870, 860, 437).— (PEtOjPdOl,. 
-(PEg4Pt2Clg.-(PEt,)4PtCl2Au2Clg.— 
(PEtglgAuOl. 

Tri-ethyl-phosphine oxide PEtgO. Mol. w. 
134. [44°] (H.); [63°] (P.). (243° uncor.). 

V.D. 4*60 (calc. 4*66). 

Formation.-—!. Prom PEt, by atmospheric 
oxidation or by gently heating it with HgO or 
AggO (Oahours a. Hofmann, A. 104, 18).— 2. By 
distilling PEtgOH, the other product being 


decomposing (PEt.01KZn01,*ith 
solid KOH and a little water (Pebal, A. 120, 
194).— 4. From EtOPClg and ZnEt2(Wichelhati8, 

■®.* heating clear phosphorus (1 pt.) 

with Etl (18 pts.) for 24 hours at 180°, and boil- 
ing the product with alcohol. The residue is 
evaporated and distillgd with KOH (4 pts.) (Crafts 
a. Silva, Z. 1871, 359 ; cf. Carius, A. 136, 187). 

FI3 (1 mol.) is heated with Etl (3 mols.) 
iodine is given off, and a body is left which when 
treated with solid KOH yields PEt,0 on distilla- 
tion (Emmerton, Am. 4, 9). 

Properties. — Slender white deliquescent 
needles. Dissolves in all proportions in water 
and alcohol, less s^. ether. Very slightly vola- 
tile with steam. Separates as a liquid when 
solid KOH is added to its aqueous solution, or 
when ether is added to its alcoholic solution. 
Converted by HBr into PEtgBrg, and by HI into 
PEtglg. It ip not affected by H^S or by halogens. 

It forms crystalline compounds with some me- 
tallic salts : (PEtgO), CuSO, : deliquescent, four- 
sided, green prisms jPebal).— (PEt,0)2Znl2 : 
[99°] ; crystalline pp. which, when crystallised 
from alcohol, forms monoclinic cryst^s; a:h\6 
-'905:1: -331; 8-83° 13'. 

Tri-ethyl-phosphine oxy-chloride (PEtg)20Cl2. 

By passing dry HCl over fused PEtgO shining 
crystals are formed, which are dissolvedinHClAq 
and the solution is then evaporated (Hofmann). 
Very deliquescent crystalline mass, sol. water 
and alcohol, insol. ether. The solution treated 
with platinio chloride in saturated alcoholic solu- 
tion yields (PjEtjOjCggPlCli, which crystallises 
from alcohol in large orange monoclinic prisms; 
o:6:c = '631:1:1'578; 8 -73° 42' (Hofmann, Tr. 
1860, 419).— (PEggOClgZnC^: transparent oota- 
hedra, sol. water and alcohol. By the action of 
HCl on PEtgO Crafts a. Silva obtained a com- 
pound PEts(OH)Cl [128°]. 

Tri-ethyl-phosphine sulphide PEtgS. [94°]. 

Formation. — 1. By adding flowers of sulphur 
to an ethereal solution of PEt, rafter evapora- 
ting the ether the residue is h^ted with boiling 
water which dissolves PEtgS only, depositing it 
in crystals on cooling. — 2. By distilling PEt, 
with cinnabar. — 4. By decomposing PEtjCS, 
with water or AgjjO. — 6. By the action of mer- 
captan on PEtg in presence of air. 

Properties .— hexagonal needles (from 
water); a:c«l: *821. Sol, water, v. sol. alcohol 
and ether, v. e. sol. CSj. Volei^llo with steam. 
Decomposed by sodium giving Na_.S and PEt,. 

It may be separated from its aqueous solution by 
KOH. Its aqueous solution is neutral to litmus, 
but it dissolves more readily in HClAq than in 
water, and the solution gives an unstable yellow 
pp. with platinio chloride. Tlie aqueous solution 
is not affected by boiling aqueous lead acetate or 
AgNO, or by HgO, but these substances become 
BulpUdes when added to its alcoholic solution. 

Tri-etiiyl-phosphine selenide PEtgSe. [112°]. 
From PEt, and selenium. Crystallises from ^ 
water, but turns red i^ air. 

Tetra-ethyl-phosphoninm ochupoundt. 

PEt4(OH2. When PEtgl is digested witl^ water 
and Ag,6 there is formed a strongly alkaline 
bitter solution, which dries up over H2SO4 to an 
extremely deliquescent crystalline mass. This 
solid hy^xide absorbs CO, with avidity. Its so- 
lution behaves like KOH towards solutions of me- 
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H,P0|.~2. Bromine gives EtBr and POOl 
8, Ei^O, moia forming EtsPO^t phosphorus, 
and EtCl — 4. Heated to 185° in a sealed tube 
it is resolved into EtCl, free phosphorus, PCI, 
andPjO,.— 6. Heated with H,FO, there is evolved 
EtCl and HOI, while free phosphorus and H,P0* 
remain.— 6. PCI, does not act on it.— 7. PCI, at 
100® forms P001„ PCI,, and EtCl (Geuther, /. 
1876, 206).-8. PBr, gives POBrCl,. PBr„ and 
EtBr. , . 

Di-ethyl phosphite (EtO),POH. The barium 
salt BaA', is formed by adding a hot solution of 
baryta (1 mol.) to Et,PO,. It forms a very de- 
liquescent crystalline mass; extremely sol. water, 
b 1. sol. alcohol. It does no^ decompose at 108°. 
Aqueous converts it into the deliquescent 
salt KA'. The free acid has not been isolated. 

Chloride (EtO),PCl. From alcohol (2 mols.) 
and PCI, (1 mol.) (Wichelhaus, A. Suppl. 6, 264). 
May be distilled. Chlorine convertr it into EtCl 
and (EtO)PO:Cl,. ^ 

Tri-ethyl phosphite (EtO),P. Phosphorous 
ether, (191°). S.G. ^ 1-075. V.D. (in hydrogen) 
6*84 (calc. 6-76). PCI, (1 mol.) diluted with five 
times its bulk of ether is added by small portions 
to NaOEt (3 mols.). The ether is distilled off, 
and the residue distilled from an oil-bath at 
200®. It is rectified in a current of hydrogen 
(Railton, C, J. 7, 216). At the same time another 
body P,0,C,.H„ is formed (157-5® cor.). S.G. 
la -960. Ms is best formed from dry NaOEt 
(4 mol.) and PCI, (1 mol.), both in ether (Geuther, 
A, 224, 277). It nas a pleasant smell, and when 
distilled it slowly splits up thus : 

P,0,CuH„= PO,Et, PO^Et,-*. HOEi 
It is not decom^sed by water at 100°. 

Properties. Phosphorous ether has a 
pleasant odour (G.). It is sol. water, alcohol, 
and ether, and burns with a bluish flame. 

Beactwns.—l. Heated with baryta-water it 
gives Ba(Et,PO,), and BaEtPO,.— 2. Caustic 
potMh gives phosphorous acid and alcohol. — 
3. Gradual oxi,dation by nitric acid gives phos- 
phoric and oxalic acids. — 4. It absorbs oxygen, 
especially •on warming, forming EtjPO,. — 5. On 
distillation it gives PH„ phosphoric acid, and 
probably ethylene.— 6. PCI, gives EtOPCl,; a 
smaller quantity of PCI, gives Et,PO„ phos- 
phorus, and EtCl. — 7. PCI, gives (EtO)POCl„ 
EtCl, and PCI, (Chambon).— 8. Bromine forms 
EtBr ani(EtO)j^OBr. 

' Co»i3^tion>-Et,PO,PtCl,. [83°]. Formed 
from PCI,, alcohol, and PtCl, (Schiitzenberger, 
Bl. [2] 18, 101). Yellow prisms. Its ethereal 
solution absorbs ethylene forming oily 

(Et,PO,PtCiy,C,H,. CO forms in like manner 
(Et,PO,PtClj)jCO. Ammonia passed into the 
ethereal solution of Et,PO,Pt01, ppts. colourless 
crystals of Et,PO,Pt01,N,H,. The following com- 
Dounds of ethyl phosphite have also been described 
/■«. « TU./M1 . prigms,— Et,PO,.PtCl,P01,•■— 

“ — Et,PO,Pt01,Br,. — 

B^O,Pt2Cl4 ((^b^ Bl, 
[2] 31 , 499 ).— EtjPOjPtU, (Pomey, Bl [2] ^5, 

^^^lil-ETHYL-PHOSPHOBETAlKB v, Tbi- 

itHTL-MOpHXHl, 

STETIrPH08FHdB|))X0HL0ElD9mETHn^ 
XTETL - I^^OflPHOBZO AWP Ethil 


ethyl -PH 0SPE0E0V8 AOXB v, Btbu 

PEOBFBITXS. 

m-xmi.twmms oa <^‘'> 

[62®]. Formed by adding ZnBt, to phthalyl 
chloride mixed with benzene (Wischin, A. 143, 
260 ; Friedlander, Z, K, 6, 690 ; V. Meyer, B. 17, 
818). Large dimetrio crystals (from ether). 
Insol. water, v. e. sol. alcohol and ether. Does 
not react with EHSO, or hydroxylaraine. 

ET^YL-PHTHALIMIDB v, Ethylimide of 
Pbthalio Aom. 

ETHYL-PHTHALIMIDYI-BENZYL is de- 
scribed as Benzyltoenb-phthaijEthylimidine. 

O- ETHYL- HOMO- o-PHTHALONITRILE v. 
o-Cyano-phenyl-butybonitbilb. 

STHYL-PICEAMIDE V, Tbi-nitbo-ethyl- 

ANILINB. 

ETHYL-PIPERIDINB V, Ethyl-pybidinb 

HEXAHYDBIDB. 

ETHYL PEOPAROYL OXIDE v, Pbopaboyxi 
alcohol. 

ETHYL-ISO-PROPENYL-OXIDE C,H,oO t.e, 
Et.O.C,H,. (63°). S.G. -79 ; ^ -769. Formed 
by heating propylene bromide and alcoholic 
potash in sealed tubes to 170° or by treating 
propinene Me.C^CH in the same way (Faworsky, 
j, pr. [2] 37, 533). Colourless mobile liquid. 
Yields on decomposition with dil. HjSO, ethyl 
alcohol and acetone. 

ETHYL-PROPIONYL-PROPIONIC ACID. 
Methyl ether CjE^O, t.e. 

CH,.CH 2 .CO.CMeEt.CO,Me. 

(208°). From methyl - propionyl - propionate, 
EtI, and NaOEt at 100° (Pingel, A. 246, 84). 

ETHYL-PROPIONYL-UREA ir, Propionyl de- 
rivative of Ethyl-ubba. 

ETHYL-PROPYL ACETAL. Described under 
Aldehydb. 

ETHYL-PROPYL-ACETIC ACID v. Heptoio 
Acm. „ 

ETHYL- PROPYL- ACETYLENE v, Hbp- 

TINENE. _ 

DIETHYL-PROPYL-ALKINE v, Di-tiHYL- 

OXYPBOPYL-AMINB. 

TRI-ETHSL-PROPYL-AMMONIUM IODIDE 
OjHaNI t.e. NEtjPrI. From NEt, and PrI 
(Mendius, A. 121, 136). Needles.— B'aH,PtCl, : 
octahedra. ^ 

ETHYL-PROPYL - ANILINE C,H,.NEtPr. 
[216° uncor.] Liquid. Formed by the action of 
ethyl bromide upon propyl-aniline, or of propyl 
bromide upon ethyl-aniline. — B*HC1 : crystals, 
[181® uncor.] (Claus a. Hirzel, B, 19, 2787). 

Methylo • iodide v, Propylo -iodide of 
Mbthyl-bthyl-anilibb. 

ETHYL-PROPYL-BENZENB 
[8:l]0,H4(q,H,)Et (194°). S.G. i8 -8588. V.D. 
6'37. Occurs in resin oil (Renard, C,B, 97, 
328). Gives isophthalio acid on oxidation. 
BLSO, gives a sulphonio acid of which the Ba 
salt (0„H,,SO,)iaaq crystallises in plates. 

ALCOHOL. ... „ 

Ethyl-di-propyl-oarbinol v, Ennil alcohol. 
ETHYL-PBOPYL-OARBONATB 
(0,H,O),CO.(OO,H,). (146® cor.). S.G. V ’9616. 
ColourlesB liquid. Formed by adding AlOl, to 
a mixture of propyl alcohol and ethyl chloro^ 
formate ffawlewsii, B. 17, 1606). 

PBOPYl^B V* Aktwa 



KTHYl PBOPTI. ETHEB v. Ethyl pbopyl 

JJIDJS, 

DI.BTHYIr.PROPyL.OLYCOLLI]jrK d. Di- 

BTHYL-LI-OXYPBOFIL-AMINB. I 

sOTn.-PBom.8uom™E 

Formal,— 1. From di-propyl-oxamide by 
the action of PCI,, the resulting chloro-ethyl- 
propyl-glyoxaline (v. p. 66) being reduce^ by HI 
and phosphorus (Wallach, A. 214, 314 ; B. 14, 
423). — 2. By the action of propyl bromide on 
secondary (para)-ethyl.glyoxaline B'j^CljPtCl, 
(Wallach, B. 16, 643 ; Radziszewski, B. 16, 491). 

Properties. — ^Liquid, -with narcotic smell; 
miscible with water. Its zinc ‘double salt dis- 
tilled with lime yields NH,, an olefine, pyrrol, 
and a basic liquid (o. 253°). 

Salts. — B'jEtjPtCl, : orange lamines. — 
B'jHjZnCl,: [92°]; prisms. 

Methylo-compounds B'Mel: needles, sol. 
wator.—B'jMeaPtCl, : plates. 

Ethyl-isopropyl-glyoxaline C,H,(C,H,)Nj. 
OxaU ethyl -buty line. (220°). S.Q. ifi -959 
(Rieger, M. 9, 607). 

DI-ETHYL PEOPYLIDENE DISULPHOHE 

CMej(S02Et)j. Sulfonal. Di- ethyl -sulphone- 
di-methyl-methane. Propane disulphinic ether. 
[126°]. (0. 300°). S. 1 in the cold; 6 at 100°. 

Preparation. — 1. By action of sodium on a 
benzene solution of ethylidene-di-etliyl-sulphone 
previously mixed with methyl iodide.— 2. By 
boiling an alcoholic solution of ethylidene-di- 
ethyl-Bulphone with methyl iodide and alcoholic 
potash.— 3. Bv treating EtS.SOj.OH with ace- 
tone and HCl, the product CMc2(SEt)2 being oxi- 
dised by KMnOj (Baumann, B. 19, 2808). 

Properties. — Thick prisms ; si. sol. cold water 
and alcohol ; m. sol. hot water. Used as a sopo- 
rific, being said to have no concomitant effects. 
Does not evolve hydrogen when sodium is added 
to its benzene solution (E. Fromm, B. 21, 187). 

ETHYL n-PROPYL KETONE C,HpO le. 
Et.CO.Pr. Mol. w. 100. (0. 123°). S.G. PI 
•818. 

Formation.— 1» Occurs among the products 
of the distillation of calcium butyrate (Friedel, 
A. 108, 126).— 2. From butyryl chloride and 
ZnEtj followed by water (Butlerow, Bl. [2] 6, 17). 
3. By distilling a mixture of calcium propionate 
and calcium butyrate (Volker, B. 8, 1019). 

Properties. — Liquid. Does not unite with 
NaHSOjin the cold, but on heating the mixture 
and allowing it to cool a crystalline compound 
is formed, which is resolved by water into its 
.constituents. Chromic acid mixture gives only 
propionic acid according to Popoff (.4. 161, 285), 
but Wagner {J. B. 16, 660) obtained* acetic and 
butyric acids also. Sodium amalgam reduces it 
to a secondary hexyl alcohol and a pinacone 
CiaHojOj. Zinc and Mol forms CMeEtPrOH 
(140°) (Sokoloff, J. B. 1887, 687).# 

Ethyl isopropyl ketone Et.CO.Pr. (118°) 
jP.); (114°) at 746 mm. (W.). S.G. S-880; 
^ *814 (W.). From isobutyryl chloride and 
ZnEt, (Butlerow, A. 189, 44 ; Pawlofl, iT. B. 8, 
242 ; Wagner. J. B. 16, 697). Liquid. Does 
not combine with NaHSO,. Gives, on oxidation 
by chromic acid, propionic, acetic, and igobutyrio 
acids (W.). 


OA,OUEtO.Pr. 

(Dobriner, A. 348 , 4 ); 

-4.200, 177). S,V. 127*1. C.B. 

^ 1-3740 (B.). Boo 42-86 
temperature 233° (PawlewsW, B. 

^7 distilling a mixture ol 
^hyl alcohol and prcmyl alcohol with ^80. t 
Etp bemg also formed (Norton a. Prescott, Am, 
6, 246). Also from n-propyl bromide andNaOBt 
in alcohol, much propylene being given off. 

Ethyl isopropyl oxide Et.O.Pr. (64°) (Mar- 
kownikoff, A. 138, 374) ; (48°) (R.). S.G. 2 *746 
fM.). Formed by heating isopropyl iodide 
(1 vol.), triethylaminc (2 vols.), and alcohol 
(4 vols.) at 160° (Reboul, J. 1881, 409). Dilute 
HjSO, at 150° splits it up into EtOH and iso- 
propyl alcohol (Eltekoff, Bn. 1, 298). 

DI-ETHYL-PEOPYL-PHOSPHINE PELPr. 
(146°~149°). From PEt,PrCl, by distilling and 
treating thef)roduct with NaOHAq (Collie, 0. J, 
63, 721). 

ETHYL- PROPYL. PINACONE v, Di-oxt. 




(Py. 2:3) - ETHYL - PROPYL - QUINOLINE 

/CH:C(C2HJ 

1 . (291° at 720 mm.). Pre- 

; C(C3H,) 

pared by slowly adding n-butj^io aldehyde 
(100 g.) to a cooled mixture of aniline (60 g.) and 
fuming HCl (120 g.). Colourless liquid. Vola- 
tile with steam. V. sol. alcohol, ether, &c., 
nearly insol. water. On oxidation with CrO, it 
gives {Py. 2)-ethyl.quinoline.(Py. 3)-carboxylio 
acid. 

Salts B'HCl 2aq : flat triclinio tables. — 
B'HNO, aq ; long white needles. — B'H2SO« : 
easily soluble concentric needles.— B'2HjCljPtGl4; 
yellow needles, sol. hot, insol. cold, water. — 
B'jHjCrgO,: long orange-yellow needles. — 
B'C,H2(N02),OH: [163°]; glistening yellow 
plates or needles, sol. hot water and hot alcohol, 
very sparingly sol. cold alcohol, insoL cold 
water. 

Methylo-iodide BMelaq: [172°]; yellow 
needles ; v. sol. water and alcohol, insol. ether. 
— (B'MeCl)2PtCl4 : orange-yellow needles (Kahn, 
B. 18, 8361). 

ETHYL-PROPYL-DI-THIO-CARBONATE cw 
Ethyl oabbonatbs. 

(y)- or [Py. l)-ETHyL.PYRIDINB ^ 
XH=CH » 

Et.CC >N. (166°). S.G. 8 -9622 ; 22 OSSS. 


Fmnation.—'Bj heating pyridine ethylo- 
iodide in sealed tubes to 320° and separating the 
(py. 3)- and {Py. l)-i8omeride8 by means of the 
platino-ohlorides or ferrooyanides. The salts of 
the Py. 1 base are least soluble (Ladenborg, A* 
247, 18 ; cf. B. 16, 2059). 

Proj’crfisf.— Unpleasant smelling liquid, bU 
sol. water. Yields on oxidation with iierman- 
ganate isonicotinio aofll [808°]. 

Salt8.-(d,H,NH01)JtOl4.- [208°]; plates, 
el. sol. water.-B'HAuOl4; [188°]; goldeiS-yel. 
low prisms.— Pi orate; [163°]; thin ycuoir 
needles.-HMeroTirio chloride doable salt 
[160°]. According to 6 . de Coiunok this base 
(or the mixture of isomerides) QOOQrq in eonl-ti^r 
iutidin©(aB?»8,236), 
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ETBYIrPYRlBlSB. 


(a)- or (Pg 8 )-Etliyl.pyrldine 

762 mm. S.G. 


*•9498. 

Preparation.—^ g. of pyridine are heated for 
an hour with 6 g. EtI to 820®. Some ethyl- 
benzene is formed. The^aoid contents of the 
tube are distilled from a copper retort with 
steam. The residue is then supersaturated with 
NaOHAq and distUled until the distillate is no 
longer alkaline. The base is then separated by 
means of solid KOH and fractionated. Purified 
by means of gold salt, which is decomposed by 
SHj (Ladenburg, A. 247, 14). (Py. 11- and (Py.3)- 
ethyl pyridines cannot be sdjiaratea by fraction- 
ation. 

Properties. — Colourless liquid, si. sol. water, 
miscible with alcohol. It gives picolinic acid 
on oxidation. 

Salt8.-(0,H„NHCl).>PtCl,: [164®]; orange- 
yellow plate 8 .~C,H,N.HClAuCl 3 : [ 121 ®]; yellow 
plates, V. sol. water.— Pier ate ; 
B'.C,Hj(N 0 ,) 30 H. [110®]. 

(Py. l: 8 )-])i-ethyl-pyridine 
.CH=0-Et 

Et.OC >N. (188®). S.G. e -9338. Is 

\CH-CH 


formed, together with {Py. 1)- and {Py. 3)- ethyl 
pyridine by the action of EtI on pyridine (Laden- 
burg, A. 247, 48). Colourless liquid with a 
verv unpleasant odour, si. sol. water. It yields 
lutidinio acid [235®] on oxidation. 

Salt 8 .-(C,H, 3 NHCl)jPtCl, : [171®] ; orange- 
*yellow prisms, si. sol, water. — Picrate; 
C,H„N.C,H 3 (N 05 ), 0 H: [ 100 ®]; prisms (from 
water), plates (from alcohol). 

(a)- or {Py. 3 )-ETHYL-PYEIDINE HEXA- 
CH,-CH.Et 

HTDKIDE CHj/ ^NH. Ethyl-piperi- 

dine. (145®). ^.G. -8674. Formed by reducing 
{Py. 8 )-ethyl p^idine with sodium and alcohol 
(Ladenburg, A. 247, 70; B. 18, 2063). Liquid 
iu nftlling of pyridine hexahydridc. 

BeacHons. — 1. Forma with Mel a y-mcthyl 
derivative.— 2. Br and NaOHAq convert it into 
a base containing 2H less (c/. B. 20, 1645). 

Salts.-(C,H„N.HCl),PtCl,; [178®]; plates 
m. soL water. 

( 7 ). or {Py.^ l).Ethyl-pyridine hexahydride. 
CH^CH, 

Et.CIH^ \nH. {y)’Ethyl-piperidine. 

ch,-(5h, 

(168®). S.G. * *8759. Formed by reducing 
(Py. l)-ethyl pyridine with sodium and absolute 
alcohol (lidenburg, A. 247, 72 ; cf. G. B. 98, 
516). Liquid with an unpleasant odour. More 
soluble in cold than in hot water. Its hydro- 
chloride acts physiologically like coniine 

,B.16,7393. 

3 fc-(0,P„NH01),t>tCl,: [my, oiaige- 
plates, m. sol. water,— B'jaiCl.AuCl, : 
[106®]; goldcn-yeUow plates id. sol. cold, v, 
soL hot water. 

Methyl$nO’di»iodid$ 0,Hi,KI|i. Formed 
by heating eftyl-piperidine with methylene- 
iodide. It forms sparingly soluble yellow plates. 


Only one I atom can be removed by Ag,0, Of 
replaced by Cl by means of AgOl. 

The chloro-iodide OgHijNIOl is formed 
from the di-iodide by AgOl.— (CgH^NIO^jPtOli : 
orange crystals.— (CgH„NICl)AuCl, ; smsJl 
yellow crystals (Ladenburg, B. 14, 1848). 

{Py. l,3)-Di-ethyl-pyridine hexahydride 

(C.176''). S.G. a •8722. 

Formed, by reducing {Py. 1 , 8 ) -di-ethyl-pyridine 
with sodium and alcohol (Ladenburg, A, 247, 
97).-B'2H3PtCl,. [174®]. 

OH«CHv 

ETHYL-PYREOLE CaH,Ni.e. 1 >NEt. 

CH=CH/ 

(131®). S.G. is - 888 . Prepared by the action 
of ethyl iodide on pyrrole potassium. Formed 
also by distilling neutral ethyl-ammonium 
inucate or saccharate (0. A. Bell, B. 9, 935 ; 
Boll a. Lapper, B. 10, 1962 ; cf. Lubavin, 

5, 399). Formed also by distilling ethyl-fuo- 
cinimide with zinc-dust (Bell, B. 13, 878). 
Colourless liquid; insol. water, miscible with 
alcohol and ether. Its vapour turns acidified 
pine-wood red. By long boiling with HCl it 
gives a red powder of the constitution O^Hj^NjOj 
[165°-170°]. Potassium does not attack it. Its 
alcoholic solution gives a pp. with HgClj. 

Tetra-bromo- derivative 
CBr=CBrv 

I >NEt. [90®]. Colourless needles. 

CBr<=CBr/ 

Insol. water, sol. alcohol. Prepared by the 
action of Br on ethyl-pyrrole (Bell, B. 11, 1810). 

Ethyl-pyrrole C,H,EtN? (1^4®). Formed 
by adding ZnCl, (12 g.) to a mixture of pyrrole 
(50 g.) and paraldehyde (60 g.), the reaction 
beginning at once with evolution of heat 
(Dennstedt a. Zimmermann, B. 19, 2189). 
Colourless, but turns brown in air. Cone. HCl 

at 130® appears to give CHMe<^Qg.Qg^NH. 

Acetyl derivative C^HjEt.NAo. (225®). 
Formed by boiling ethyl-pyrrole with Ac,0 and 
NaOAo. An isomeric acetyl derivative [47®] 
(250®) is formed at the same time. Benzoic 
aldehyde and potash converts the acetyl deriva- 
tive into C,H,Et.N.CO.CH:CHPh [150°].— 
C*H/gEtNAc. 

ETHYL-PYEEOLE-AZO- v. Azo- compounds. 

ETHYI-PYEROLE CAEBOXYLIC ACID 
C^HgEtN.COjH. [78°]. Formed by heating its 
ethylamido with alcoholic potash at 120® (Bell, 
B. 10, 1864). Slender silky needles (from hot 
water). Volatile with steam. Above 100° it 
splits up into CO^ and ethyl-pyrrole. Boiling 
dilute HClcdecomposes it in like manner. FojCl, 
gives a red colour. — AgA'; needles (from hot 
water). 

Ethylamide C^H^NjO i.e. 
C 4 HgEtN.OONHEt. Di-ethyl-carhopyrrolaimde, 
[44®]. (270®)9 Formed, together with ethyl- 
pyrrole and the diethylamide of ethyl-pyrrole di- 
carboxylio acid by heating ethylamine mupate 
in a paraffin-bath (Bell). Prisms (from water). 
Soluble in cone. HOlAq without onange ; even 
boiling aqueous alkalis have little action, bnt it 
is saponified by fdcoholic KOH at 125®. Bromine 
water gives » pp. of the tri-bromo* de^ivgtivp 
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/OO.KHEt 

C.H.,Bt,N,0 i <>-<cBr;cBr>N®* 

OsHiaBrjNjO, [197®] remains dissolved (Bell, B. 
11, 1813). 

Ethyl-pyrrole dicarboxylio acid 
0^H2EtN(C02H)2. Obtained by heating its 
ethyl amide with alcoholio potash at 1.30® (llell). 
Needles (from dilute alcohol). Sublimes without 
melting at 250®, being partly split up into ethyl- 
pyrrole and COj. Slowly split up in like manner 
by strong acids in the cold.— Ag.^A.": insol. 
water. 

Di-ethy l-di-amida C,H2EtN(CONnEt)2. 
Tri-ethyl-dicarbopyrrolamidc. [230®]. Formed 
in small quantity by distilling cthylamino mucate 
(Bell). Needles. Insol. watdr, sol. cone. HClAq. 
May bo sublimed. Saponified by alcoholic, but 
not by aqueous, potash. 

ETHYL-fttllNALDINIC ACID v. Etuyl- 
(JfINOLINB-(Pt/. 3)-CARBOXVTiia ACID. 

(7). or {Py. 2).ETHYL-(1UIN0LINE 
CH'CEt 

0,,H„N U 0«h/ ‘ I . (273® cor.) (Kehcr, 

\ N:GH 

B. 20, 2734). Colourless refractive liquid. 
Formed by distillation of its {Py. 3)-carboxylic 
acid, CO2 being evolved (Kahn, B. 18, 3370). 
Obtained also by reducing {Py. 8, 2)-ohloro- 
ethyl-quinoline with HI in acetic acid (Baeyer a. 
Jackson, B. 13, 121); and, together with the 
following isomeride, by heating quinoline ethylo- 
iodide at 280® (Reber, B. 19, 2095). Hives 
cinchonio aoid on oxidation. On reduction it 
yields a base boiling at (271®-275®). 

Salts.— •The hydrochloride is v. sol« 
water and deliquescent. — B'HNO,: [116®] ; white 
needles.— B'HHgCla : [154®] ; white needles, v. 
sol. dilute HGlAq.— B'HAuCl^ : slender yellow 
needles. — Ghromate: red needles. — 

B'HjOLPtCL: [203®]; orange -yellow needles.- 
Piorate: [163®] (K.); [178®-186®] (R.) ; fine 
yellow needles. — Zinc double chloride; 
[195®] ; concentric needles (R.). 
Methylo-iodideB'yial. [149°]. 

(a)- or {Py. 3) -Ethyl-quinoline C,H«NEt t.e. 
XH:CH 

OgHX I ■ (258® cor.). Formed by distil- 
\ N.CEt 

ling (P?/? 3) -ethyl quinoline {Py. 1) -carboxylic 
aoid with 6 times its weight of soda-lime 
(Dobner, A. 242, 272 ; Reher, B. 19, 2995 ; 20, 
2734). Formed also by heating quinoline ethyl- 
iodide {v. supra). • 

Properties.— Golourless hygroscopic oil. SI. 
sol. water, v. sol. alcohol and ether. Gives 
quinoline {Py. 3) -carboxylic (quinaldinio) acid 
on oxidation. May be reduced by tin and HGl 
to a tetrahydrido (c. 261®), which forms a 
crystalline hydrochloride. 

Salts.— The chloride, nitrate, and 
sulph ate are v. sol. water. The chloride and 
nitrate are efflorescent. The o9ir ornate crys- 
tallises in red needles. — (B'HCl)2ptGl4 2aq : 
[189®] ; orange-red needles or tables, si. sol. 
water.— B'HHgCV. [118®]; slender needles.— 
B'HAiia4; [142°]; canary-yollow i^lcs.— 
B'jHnSnCh 2aq : crystalline. — 1 icrato 

B'.CcHsNsO?: [148®]; lemon-yellow needles 
(from alcohol) si. sol. water. 
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Methylo-iodide B'Mel: [180®] ; greenldi- 
yellow needles (from alcohol). 

Ethyl(?)-iBoquinoline 0„H„N probably 
.0(C2H,):0H 

C5H4 I . [6S®]. (276® at 264 mm.). 

'CH N 

Crystalline solid. Formed by complete de- 
chlorination of di-ohloro-ethyl(?) -isoquinoline by 
heating with HI and P at 200®. 

S alts. — B'2H2Cl2Pt0h 2aq : orange-yellow 
flat needles.— B'jHaCrjO, : orange-red glistening 
needles (Gabriel, B. 20, 1207). 

Di-ethyl-quinoline OsHjEtjN. (284® cor.). 
Obtained as a by-product in the ethylation of 
quinoline by heating its ethylo-iodide at 286® 
(Reher, B. 19, ^995). Liquid, smelling like 
quinoline. On oxidation with chromic mixture 
it gives an acid [190®].— B'jIIaPtGl, ; [217®]; 
orange-red needles, blackens before melting. — 
BTIHgGl,: [116®]; needles. 

Befermces. — Bromo-, Chlobo, and Oxy- 

ETHYL-QDINOLINE. 

(P^. 2)-ETHYL-QUIN0LINE-(Py. 3)-CAEB- 

XH:GEt 

OXYLIC ACID C,H/ j . iPy. 2). 
\ N;G(G02H) 

EihyUquinaldinie acid. [148®]. Glistening 
needles (containing ]aq). Sol. alcohol and hot 
water, si. sol. ether. Formed by oxidation of 
{Py. 2:3) -ethyl -propyl-quinoline with CrO, and 
H2SO4. On distillation it evolves CO, and gives 
(Py. 2) -ethyl-quinoline. 

Salts.— (A'H,HCl)jPtCl4: fine needles.— 
Piorate; [153®]; fine yellow needles, si. sol. 
water and cold alcohol.— A'Ag ; amorphous 
white pp., or very fine microscopic needles.— 
A'jCu ; bluish -green microcrystalline pp. (Kahn, 
B. 18, 3368). 

{Py. 3:l)-Ethyl-quinoline carboxylic acid 
CJljNEtCO.,!!. (Py. ^)-EthyUinchcmic acid. 
[173®]. 

Preparafion.— Pyruvic acid (70 g.) and pro- 
pionic aldehyde (50 g.) are dissolved m alcohol, 
and anilin (80 g.) is gradualli^ added, and the 
mixture heated on the water-bath with an in- 
verted condenser (Dobner, A. 242, 270). 

Properties,— Needles or plates. V. sol. alco- 
hol, ether and hot water. Yields on heating 
with soda-lime {Py. 3) -ethyl-quinoline. 

Salts. — Chloride, nitrate, andaulphato 
are v. sol. water.— (BTICl).^PtCl4 aq : orange-yel- 
low needles, v. sol. water, si. sol. alcohol, insoL 
ether.-- AgA' : pp. v. al. sol. wdter. 

ETHYL-QUINOLINE TETEAHYDEIDE 
CH,:CII, 

‘\NEt:CH, 

obtained by reducing (Py. 8)-ethyl.qmnolme 

{q. V.). 

{Py. 1).ETHYL-QUIN0LIHE BULPHONIO 

ACrD^CsHjEtN.SOaH.’ [above 816®]. Obtained 
by heating {7)- or (Py. 1)- ethyl-quinoline with 
fuming H,SO, (10 pts.) at 260® [Behw. B. 19. 
2095). Slender needles, insol. alcohol, T. aoL 
hot water. ° 

TRI-ETHYL-EOSANILINE t>. Tbi-kthyi-tbi- 

IMIDO-DI-PHBNYIj-TOLYIi-OABBINOL. 

MONO-STHYL SELENATE EtHSeO, f.e. 
SO,(OH)(OEt). An unstable aoid obtained bv 
treating selenio acid with alcohol (Fabian, A. 

hh 


^ 

I V. Quinolinb. An isomeride is 
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SuppU I, 244).— SrAV tables.— CuA'a 4aq : 
plates. 

ETHYL iPELENHTDEATE EtSeH. (above 
100°). A liquid formed according to W6hler and 
Siemens (A. 61, 860) when KSeHis distilled with 
alcohol. It has a very disgusting odour, and its 
alcoholic solution gives a yellow pp. with HgCl,.' 

ETHYL SELENIDE 0 A^Se t.e. Et,Se. (108°). 
Prepared by digesting equivalent quantities of 
PjSej and KEtS04 with a small quantity of water 
at 60°, the product being fractionally distilled 
(Von Pieverling, A. 185, 331). Colourless mobile 
liquid, smelling like a hydrocarbon. Insol. 
water, miscible with alcohol and ether. Its solu- 
tion in dilute HNOg gives withHCl oily Et^ScCL 
whence aqueous ammonia^ forms crystalline 
(EtjSe)jOCl2 (Joy, A. 86, 35). 

E thy lo -iodide SeEtJ. Tri-ethijl-scloniwn 
iodide. Slowly formed by combination of SeEt^ 
with EtI in the cold (P.). White crystals, stable 
in the air, v. e. sol. water and alcoRol, si. sol. 
ether. Sublimes between 80° and 120°, being 
split up iuto SeEtj and EtI, which slowly recom- 
bine in the cold. 

Ethylo-hydroxide SeEt,OH. Formed by 
treating the ethylo-iodide with moist Agp. 
Powerful base, forming a syrupy solution which 
absorbs CO^ with avidity. Its salts smell like 
leeks and, with exception of the tartrate, are very 
deliquescent. 

Acid tartrate SeEt^C^HjO^ 2aq : pale rose- 
red needles, v. e. sol. water, forming an acid so- 
lution.— P latinochloride ( SeEtjCl)2PtCl4 : 
red rhombohedra. Monoclinic according to 
Schimper (^T. A. 1,218).— Zinc double chlor- 
ide (SeEt,Cl)2ZnClj : from SeCl, and ZnEtj 
(Bathke, A. 152, 210). 

Di-ethyl di-selenide Et^Sej. (186°). From 
KEtS04 and (Tlathke). Beddish-yellow 

liquid with highly disgusting smell. Its solution 
in dilute HNOj gives with HCl crystals of 
EtSeOJH^Cl (?) ; these are v. sol. water, and are 
reduced by SOj to Et^Se^. 

ETHYL DI-SfeliENO-PHOSPHATE 
CgHjjPO.^Se i.e. EtjPOjSej, An oil obtained by 
treating P^Se, with alcohol (Carius, A. 124, 67). 
Slowly decomposed by water. 

ETHYL SILICATE Et^SiO,. (350°). S.G. 

1*079. Formed, according to Ebelmen {A. 57, 
831), together with Et^SijO^ by treating SiCl4 
with wet alcohol. Slowly saponified by water. 
Friedel and Crafts {A. Ch. [4] 9, 5) could not ob- 
tain this ether, but found instead Et^Si^O, (125°- 
ld0° in vacuo). V.D. 12 03 (calc. 11*86). S.G. 2 
1*0196 ; i* 1*0119. The ether Et^Si^O, is also 
formed by treating SiOClg with alcohol (Friedel 
a. Ladenburg, A. 147, 362) ; it is converted by 
gaseous NH, into Et4Si20fl(NH2) (280° in vacuo) 
and Et4Si20,(NHj) 2 (Troost a. Hautefeuille, A. Ch. 
[6] 7. 472). 

Ethyl ortho-silicate t5gH2„Si04 i.e. Et4Si04. 
SiUcic ether. (166°). S.G. ^ *933 (E.) ; *968 
(Friedel a. Crafts, A. Ch.^[i] 9, 5). V.D. 7*32 
(oalo. 7*21). Formed by pouring absolute 41- 
oohol upon Sicr4 and distilling the product 
(Ebelmen, A. 57, 331). Also from alcohol and 
SiF4 (Knop a. Wolf, C. C. 1861, 899). Colourless 
liquid, with ethereal odour. Burns with dazzling 
flame. Insol. water, out slowly decomposed by 
it with separation of silica. Ammonia and aque- 


ous alkalis dissolve it. Ao-0 at 180° gives 
(EtO),SiOAo (0. 190°). 

Chloride ClSi(OEt),. (167°). « 1*0488. 
V.D. 7*06 (calc. 6*81). Formed by heating SiOl^ 
(1 mol.) with £148104 (3 mols.) at 150° ; by heat- 
ing £148104 (1 mol.) with AcOl (1 mol.) at 176° ; 
or by distilling Et4Si04 with POI5. Limpid 
liquid ; does not fume in the air, but is quickly 
decomposed by moist air or water yielding HCl 
And silicft* 

DichiorideOl^iiOEt),. (137°). S.G.9M44. 
V.D. 6*7l5 (oalo. 6*66). From £148104 (1 mol.) 
and SiCl4 (1 mol.). Formed also by neating 
ClSi(OEt)j (1 mol.) with SiCl4 (2 mols.) and dis- 
tilling. Liquid resembling the preceding. 

Trichloride Cl^SliOEt). (104°). S.G. 9 
1*291. V.D. 6*38 (calc. 6*22). Formed by heat- 
ing £148104 or either of the preceding chlorides 
with excess of SiCl4 for a long time. Liquid. 

Octo-ethyl tetra-silicate Et„Si40,2. (270°- 
290°). S.G. 2 1-071. V.D. 19*54. From 8140401, 
and absolute alcohol (T. a. H.). Liquid. NH, 
converts it into Et8Si40,o(NH2)2. 

ETHYL-STIBINE v. Organic compounds of 
Antimony. 

EXHYL-STILBENE v. Ethyl-di-phenyl- 

ETUYLENB. 

Di- ethyl- stilbene t;. Dr - kthyl-di- phenyl - 

ETHYLENE. 

ETHYL-SUCCINIC ACID 

CO2H.OH2.CHEt.CO2H. Butane di-carboxylic 
acid. [98°]. (243°). 

Formation.—!. By boiling a-acetyl-a- ethyl- 
succinic ether with cone, alcoholic KOH (Hug- 
genberg, A. 192, 148).— 2. By oxidation of ^-ace- 
tyl-propionic acid (Thorne). — 8. By distilling 
butane tri-carboxylic acid (derived /jrom malonio 
and o-bromo- butyric ethers) (Polko, A. 242, 121), 

Preparation.— a-Acetyl-jB-ethyl-succinicether 
is heated with very strong potash (2:1) at 100°. 
Excess of the ether removed by shaking with 
ether, the acids are thou liberated by H.2SO4 and 
extracted with ether (L, T. Thorne, C. J. 39, 
338). 

Properties. — Prisms (from chloroform and 
petroleum ether) ; v.e. sol. water, alcohol, ether, 
and chloroform, insol. petroleum-ether. 

Salts.— KHA": v. e. sol. water, insol. alco- 
hol.— KjA" iaq : very hygroscopic.— CaA" 2aq: 
prisms, v. si. sol. water.— CaH^"2 3aq : b1. sol. 
water, insol. alcohol. — BaA"l^aq : v.Mol. water, 
insol. alcohol.— 8rA".—CuA" : blue insoluble pp. 
— ZnA"2aq: v. e. sol. water, insol. alcohol. — 
AgjA" : powder ; decomposes at 110°. 

^Methyl ether (204°). S.G. 1*061. 

Does not solidify at - 19°. 

E thy I ether El, h!'. (225°). S.G. 1*030. 

Anhydride Cg^O,. S.G. || 1*166. 

Amide [214°] ; insol. cold water. 

Di-ethyl-sucoinio acid 

CO 2 H.CEtH.CEtH.CO 2 H. [190°]. S. *61 at 23°; 
6*7 at 95°. Formed, together with an isomeride 
[140°], from xeronio acid C02H.0Et:0Et.C02H 
and HI (Otto, A. 239, 280). Monoclinic plates, 
si. sol. water, v. sol. alcohol and ether. Converted 
by heating with HClAq into the isomeride [129°J. 
- Na2A". - CaA" 2aq.-OuA" aq.-ZnA" 2aq. 

Ethyl ether Ei,k". (234°). S.G. -991. 
Formed, together with the isomeric ether, by 
heating o-bromo- (or iodo- ) butyric ether with 
finely-^vided silver at 120° to 130° (Hell, B, (k 
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*J8 ; 13i 475, 479 ; 22, 67 ; Hjelt, 23. 20, 3078). 

It i’g well to add gome Mel. 

Anhydride (o. 240®]. 

Dl-etliyl-BUcciiiio acid 

0 O,H.OE&[.CEtH.CO^. [129% S. 2-4 at 23®. 
This acid is obtained, together with the preceding, 
bv heating hexane tri-oarboxylio acid obtained 
from a-bromo-butyrio and ethyl-malonio ethers 
by treatment with NaOEt (Hjelt; Hjelt a. Bis- 
choll B. 21, 2098 ; Zelinsky a. Bitschichni, B. 

21 3398). It is also formed by dissolving the 
anhydride of the preceding in water. Ti^etric 
plates, T. sol. alcohol and ether. BJ Jilting 
Quickly it is converted into the anhydride (246 ). 

By heating for 8 hours at 220® it is converted 
into the isomerio acid [190"].. On heating with 
resorcin and IL,SO. it gives a fluorescein.- 
NaA".-CaA'' aq.-CnA"aq.— ZnA 6^. 

'ETHYL SUCCINIMIDE v. Ethylimxda of Sue- 

““ETHYi-StrCCINVBIC ACID 0,H.,N,0, i.e. 
linEtCO.NH.CO.C,H,-CO»H. , [167% Formed 
bv the action in the cold of dilute HoSO^ on suc- 
ohiyl-ethyl-urea (the compound of succmim.de 
with cyanic ether) (Menschutkin, B. 7, - )• 

Long needles (from alcohol). Decomposed at 
190® into succinimide, water, and cyanic ether. 

SI. sol. water and cold alcohol.-AgA' ; plates or 
needles (from hot water). 

Amide NHEt.CO.NH.CO.CHyCH3.CONH4c 
riOO®!. From succinyl-ethyl-urea and alcoholic 
NH at 100®. Needles (from alcohol). Decom- 
posed by heating with aqueous ammonia. 

^ di-ethyi-succinyl-succinic acid V. 
Dimethyl derivative of the dihydride of Di-oxt- 

"‘^TtSVlPHAMIC acid HO.SO NHEt. 
Prepared by the action of SO, on ethyl-amine 
BcFlatein a Wiegand, B. 16, 1265). Needles 
Sol. water, alcohol, and ether. Not decomposed 

by boiling with water. . 

^ Salt8.-A^Ca2aq: large prisms, sol. water, 
alcohol, and ether.-A'.^a 1-iaq: s.Wery scalc^ 
S. (90 p.o. alcohol at 18 ) = l'J3, ''• sol- water. 

A'>b: needles, aol. water and alcohol. 

Di - ethyl - sulphamlc acid HO.SOj.NEtj. 

the action of sulphuryl ohlornk on 
amine hydrochloride (Behrend, B. 15. 1612 , A. 
222, 184). Yellow oil, v. sol. alcohol, ether, 
benzene, and CHOI.. Heavier than . 

TETE A-ETHYL-SDLPHAMIDE SOj(N 

1260®) Formed by the action of 
on di-ethyl-sulphamio chloride at 60 
B 16. 1612; I 222. 186).* Heavy yellow oil, 
sol. alcohol, other, benzene, and CHOI,. 
ETHYL STTLPHATES. . 

Mono-ethyl sulphate G,Hgb 04 t.e. 

(Dabit, Ann. Ghem. 34, 300; 43, 101; 

Oilb. Ann. 60, 63; 64, 6,7 ; 

68, 81 ; Gay-Lussac, A. Gh. [2] 18, 76 , Dumas 
a.Boullay, A. Gh. [2] 36 . 300 ; Serullas, A 
[2] 89, 153 ; Liebig a. W6hler, A. 1*37 • 
a: 18, 27; Magnus, A. 6, ; Marohand, P. 

28. 464; 82, 846; 41, 696; 

19, 29).-- 2. From ethylene and HjSO* (Henneu, 


Tr. 1826, 240; 1828, 366; Berthelot, A. [8] 

48, 386 ; C. B. 36, 1098),— 3. By heating ether 
with HjSO^ (Hennell a. Magnus, P. 27, 386) j— 

4. From SjCl^ and alcohol (Heusser, A. 161, 
249). , 

• Preparation. — A mixture of equal parts of 

strong sulphuric acid and strong alcohol is 
heated to about 100®, and, after standing in a 
warm place for 24 hours, diluted with water, 
and saturated with carbonate of barium or car- 
bonate of lead ; the solution is then filtered from 
the precipitated sulphate of barium or lead, and 
the filtrate carefully evaporated to the crystal- 
lising point. The crystals of baric or plumbio 
cthylsulphate are then redissolved in water, the 
solution is decomposed with an exactly equiva- 
lent quantity of sulphurio acid— or better, in tho 
case of the lead- salt, with H 2 S— and the filtrate 
is concentrated in a vacuum over oil of vitriol 
or chloridoof calcium. Claesson {J. pr. [2] 19, 
246) recommends taking 3 pts. of alcohol to 
2 pts. of HjSO,; the yield is then 77 p.c. If tho 
mixture bo kept at 100® for more than an hour 
a notable amount of ether is formed, and the 
yield of acid is diminished (Villiers, G. B.dl, 
124). 

Properties.- Colourless syrup, miscible with 
water and alcohol, insol. ether. When h^ted 
it gives off ether, leaving H..SO,. At a higher 
temperature it gives off ethylene and bO^. 

Beactions.-l. The aqueous solution decom- 
poses slowly in the cold, quickly on boiling, the 
products being alcohol and HiSO,.-2. Atotoi 
at 130°-140® yields ether and HoSO,.— 3. MnO* 
or K.,Cr 04 give aldehyde (Jacquemin a. Li6s 
Bodard, J. 1857, 346).-4. On electrolysis it yields 
formic and acetic acids besides H and 0 (Renard, 

A. Gh. [5] 17, 301).-6. The E and Ba salts are 
decomposed by dry HCl at about 80® completely 
into EtCl and the correspondmg sulphate (Eonier, 

B. 11 1929).— 6. Reacts with salts of organic 
acids forming the corresponding ethyl etne^s. 

S al t B.-AU the salts are v.«ol. water. Their 
aqueous solution is decomposed by bmlmg, but 
Sis is prevented by the addiUon of a few drops 
of aqueous KOH. When heated ^th cone. 
H SO they give off ether, boiling dilute H^bO, 
UhiateShol. When heated with KOH they 
give ofl alcohol. When distilled with other salts 
they form ethyl ethers of those »»‘“>--HH.A . 
r62®l; very deliquescent crystals, ®oi* ^ater, 
SoiiJaSi ethcr.-KA'. S. lls at 17 " Large 
monoclinio tables or laminfis; a:6.c= 075. oio.i, 

P « 80® 27' (Schabus, J. 1854, 660). 

insol. alcohol and ether. ^ i rtiaffla • 

at 17®. Very deliquescent hexagonal plates, 

^ffloLcent l/warm air.-LlA' a, • 
crystals. — BaA', 2aq . S. 109 a , , 

2*080; monoclinio pnsnis; a.o.c« 823. »7». , 
fl-84® 39' (Schabus). The aqueous soluUon 
becoL turbid on « BaSO^ 

CaA' 2an * S. 100 at 8® ; 125 at 17® ; 15 ( at . 
MhnooiiSio aoales; p^imaneM m the air^S^ 

sol. alcohol, insol. and^co- 

CdA' 2aa : long prisms, v. sol. water and moo 
hoUnsol. ether.-CoA',2aq: dark-red ojstals. 
perktanent in the air. v. •“1, 

Lol. ether.-CuAY4^,: 

sol water and alcohol, msol. ethOT.-—PbA , 2aq . 

tables, V. sol. water and alcohol, having an acid 
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reaction.—PbA'jPbO. S. 186 at 17®. Amorphous, 
sol. water and alo6hol.--MgA'j4aq: crystals, v. 
sol. water, insoL, alcohol and ether.'— MnA^,4aq : 
roseate tables, v. sol. water and alcohol, insol. 
ether.— NiA'j2aq : very soluble green crystals.— 
ZnA'22aq ; large tables, v. sol. water and alcohol, 
insol. ether.— SmA', 9aq. , S.G. 1-880, Large 
crystals, sol. water (Cl^ve, Bl [2] 43, 171).— 
DiA'jOaq. S.G. 1*863 (G.).— AgA'aq : scales, sol. 
water and alcohol. 

Chloride EtSO,Cl. StdpJmric ethoxy- 
chloride, (153® cor.). 

Formation, — 1. From alcohol and ClSOjH, 
along with ethyl-sulphuric acid.— 2. By dropping 
SOjClj into alcohol.— 3. From EtCl and SO, (R. 
Williamson, 0. J, 2, 529; 5,%76 ; Kuhlmann, A. 
33, 108). — 4. From KEtSO^ and PCI,.— 6. From 
ClCO,Et and fuming H,SO, (Wilm, B, 6, 605). 

Preparation. — Ethylene is passed into 
ClSOjH, and the product distilled in vacuo. 
The yield is 60 p.o. (M. Muller, B, 6, 227). 

Pftmerttss.— Sligntly decomposed by distil- 
ling. tosol. water. When heated with water 
in sealed tubes it gives Et.O, EtCl, HCl, and 
HaSO, (Purgold, Z, [2] 4, 669). 

Reactions. — 1. With alcohol it reacts chiefly 
thus ; EtO.SO^Cl + EtOH = EtO.SO,OH -h EtCl, 
but also according to the two equations 

(а) EtO.SOjCl + HOEt « (EtO),SO, + HCl, 

(б) (EtO),SO, + HOEt = (EtO)(HO)SO,-^ Et,0, 
the last equation taking place when there is an 
excess of alcohol.— 2. With methyl alcohol the 
reaction is 

EtO.SOaCl -f- HOMe = MeCi + EtO.SO,.OH. 

3. With amyl alcohol EtO.SO.^Cl-h04H„OH 
= CjHjjSOjOH + EtCl. It thus appears that the 
chloride of the smaller alcohol ra^ole is formed 
(Claesson, J.pr. [2] 19, 248). 

Di-ethyl sulphate G4H„S04 i.e. SO,(OEt)2. 
Mol. w. 154. [0. -24®]. (118®) at 40 mm. 

S.G. 1’1837. Occurs in ‘ heavy oil of wine,’ 
an oily mixture sometimes obtained in the pre- 
paration of ether (Marchand, J. pr. 16, 1 ; Serul- 
fas,A. Ch. [2]>0, 162). 

Formation.— 1. By passing vapour of SO, 
into a flask containing ether surrounded by a 
freezing mixture. The product is washed with 
lime-water and rectified (Wotherill, A. 66, 117). — 
2. From dry alcohol and SO,.— 3. From Ag2S04 
and EtI (Stempnewsky, J. B. 1882, 95).— 4. From 
ClSO,Et and alcohol (Claesson, J. pr, [2] 19, 
257). 

Preparation. —Absolute alcohol (200 g.) mixed 
with cone. l^SO, (460 g.) is distilled very slowly 
until the mixture bemns to froth. The distillate 
separates into two layers, the lower being pure 
Et^O, (28 g.) (ViUiers, C. JR. 90, 1291). 

Prop&riies. — Oil, smelling of peppermint. 
Solidifies at about -25‘*. It forms double com- 
pounds with sulpho-acetates, sulpho-benzo*ates, 
and isethionates, but ndl with acetates, benzoates, 
or methane sdphonates (Geuther, A. 218, 288). 

ReactwM,—l. Warm baryta-water converts 
it into Ba(S04BtL— 2. When heated with water 
it gives alcohol? H^SO,, and BtHSO..— 8. When 
heated with alcohol it forms ether and EtHSO,. — 

4. SO, gives ethionio ether and methionio ether 
(R. Hfibner, A. 228, 208).— 6. KHS gives mer- 
captan and E^gSO,. — 6. jSfH, gives NEt^SO^Et 
and NEin,RO,Et. 

Re/erence.-Vi-ujiono-M-MiEYL bdlphatu . 


ETHYL SULPHIDE C^H .8 U. Et,S. MoL 
w. 90. (98® cor.). S.G. -8368. V.D. 3*00 
(calc. 8*12). H.F.p. 28,650 (m). H.F.V. 26,280 
(Th.). Rqo 27*64 (Nasini, Q. 13, 301). 

Formation.— 1. By the action of K,S on 
KEtSO,, on EtCl, or on other ethyl ethers 
(Dobereiner, Schw. J. 61, 377 ; Regnault, A. Oh. 

[2] 71, 387 ; Loir, 0. R. 26, 196 ; Riche, A. Oh. 
fSJ 43, 297).— 2. By passing the vapour of 
SO^Cl, in a current of CO, over zinc ethide, and 
distilling the product with water (P. Gauhe, A. 
143, 266).— 3. By distilling mercury mercaptide ; 
Hg(SEt)2 “ HgS + EtjS. 

Preparation,— An alcoholic solution of potash 
is divided into two equal parts; one part is 
saturated with H^S, and then mixed with the 
other ; the liquid is introduced into a tubulated 
retort ; vapour of hydrochloric ether is passed 
through it to saturation ; and heat is then gradu- 
ally applied, the stream of hydrochloric ether 
vapour being still kept up. From the distillate, 
which contains alcohol and ether as well as 
sulphide of ethyl, the sulphide of ethyl is pre- 
cipitated by water ; it is then purified by washing 
with water, dehydrated by chloride of calcium, 
and rectified (Regnault). 

Properties.— Oil, with alliaceous odour. Sol. 
alcohol. Bums readily with blue flame. Takes 
fire when poured into chlorine. HgO has no 
action on it, but lead acetate gives a yellow pp. 

Reactions.— 1. Nitric acid (S.G. 1*2) forma 
di-ethyl sulphoxide EtjSO. Fuming HNO, forms 
di-ethyl sulphone (Oefele, A. 127, 870).— 2. Boil- 
ing aqueous KOH nas no action, but on distilling 
over solid EOH there is formed EHS and alco- 
hol.— 3. Heated with sulphur at 180® it is partly 
converted into Et.^Sj, EtaS,, EtjS^, and Et^S, 
(Bottger, A. 223, 351).— 4. SjOl, acts energeti- 
cally, forming HCl, carbon, and sulphur (B.).— 

5. SOCl, forms similarly HCl, carbon, 8, and 

50.. — 6. CI.SO3H forms HCl, carbon, S, H^SO^, 
and HjO.— 7. SOjCl, forms HCl, carbon, S, and 

50.. — 8. On passing through a red-haft tube it 
yields thiophene.— 9. Chlorine forms chlorinated 
products by substitution (Riche, A, 92, 368). — 
10. Bromine forms crystalline EtjSBr,, whence 
El gives oily Et.^SI,, which is reconverted by 
ZnEt, into Et^S (Rathke, A. 162, 214). 

Reference.— Di-OHLORo-m-vimYh bulphidb . 

Combinations.— [90®]. Formed 
as a crystalline pp. by shaking aqueous HgCl, 
with EtjS or its alcoholic solution. Monoclinic 
prisms (from ether or MeOH) (Loir, A. 87, 369). — 
(Et28)jPtCl4. [108®]. Yellow needles (Loir, A. Cfc. 

[3] 39, 441).-(Et2S),Pt01j. [81®]. Formed by 
shaking Et,S (1 mol.) with potassium platinous 
chloride (2 mole.). Short, bright-yellow prisms. 
Almost insol. wate.*, m. sol. alcohol, si. sol. ether, 
V. e. sol. CHCl,. Changed by shaking with water 
and EtjS into an isomeride [100®] crystallising 
in thin tables (Blomstrand, J.pr, [2] 27, 190).— 
Et,8PbS047aq : large crystals ; v. e. sol. water.— 
Et,8HgI,. [110®] (Loir, A. 107, 234).-Et2STiCl*. 
-(Et2S)aTiCl4 (Demarqay, Bl. [2] 20, 182). 

Methylo- compounds EtaSMel. MethyU 
di-ethyl-sulphine iodide. Formed as a Syinp 
when EtjS and Mel are heated together with 
a little water (Eriiger, J. w. [2] 14, 196). 
Moist AgCl gives syrupy Et,SMe01. The 
hydroxide is a powerful base. The nitrate 
and salphate crystallise in long deliquescent 
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needles. (BtjSMeOljjPtCli : [214°] ; pale-red 
monoolinio crystals; si. sol. cold water, insol. 
alcohol and ether. Crystallises from water in 
cubes, ootahedra, andtetrahedra.— Et 2 SMeAuCl 4 : 
[192°] ; long pale-yellow needles ; v. sol. alcohol, 
ether, and hot water. — EtjSMeO^HgClj),, ; 
[198°]; transparent prisms (from hot water).— 
EtjSMeOyHgl,: [116°]; formed by mixing cold 
solutions of EtjMeSI, HI, and HgCyj. HjS in 
presence of water gives black HgS ; on continu- 
ing the action of ^e gas it changes to ^ed HgS 
(difference from SEtjC^HgOl,)*). 

Isomerides of theMethylo- compounds 
EtMeSEtl. From EtSMe and EtI (Kruger, J.pr, I 
[2] 14, 207). Very deliquescent needles. The 
chloride is a syrup, the nitrate and sul- 
phate are deliquescent.— (EtMeSEtCl)2PtCl4: 
[186°] (K.) ; [205°] (N. a. S.) ; prisms of cubic 
system (from water); insol. ether and alcohol 
(Nasini a. Soala, G. 18, 62). By repeated re- 
crystallisation it is changed into its isomeride. — 
EtMeSEtAuOli : [178°] ; pale-yellow crystalline 
powder; v. sol. hot water, alcohol, and ether. — 
EtMeSEtO^HgCy./. [112°] ; white crystalline pp. 
Crystallises from water in trimetric plates. — 
EtMeSEtCyHglj: [98°]; amber-yellow pp. ; insol. 
water, alcohol, and ether. When strongly heated 
it yields Hglj, a carbamine and a sulphide. 
Both EtjSMel and its isomeride EtMeSEtl give 
with AgOBz syrupy benzoates, which, when 
heated to 115°, yield methyl benzoate (Crum 
Brown a. Blaikie, Pr. E. 10, 254). 

Ethylo-iodide EtjSI. Tri-ethyl-sulpliina 
iodide. From EtjS and EtI (Oefele, A. 132, 82 ; 
C. J. 17, 106; Lukaschewicz, Z. [2] 4, 643). 
Formed also^by the action of HI on Et^S or 
EtSH ; and by treating mercaptan with EtI j 
(Cahours, A. 135, 352 ; 130, 161). Trimetric , 
plates; v. e. sol, water. Decomposed on dis- 
tillation into Et.,S and EtI. Moist AgjO con- 
verts it into a deliquescent hydroxide Et,SOH. 
This hydroxide is strongly alkaline ; it absorbs 
CO^ frWn the air, ppts. metallio salts, expels 
NHj from its salts, and turns red litmus blue. 
It forma the following salts: — EtsSCl : deli- 
quescent needles (from water) volatile with 
steam. — - (EtsSCl)2PtCl4 ; monoclinio prisms, 
a:6:c = •676:1:1-107 ; j8«65° 6' (Dehn, A. Suppl 
4, 92). S. 3-3 at 20-7°.-Et,SCl(HgCl2)4. S. 1-5 
at 20°.— SEtaAuCl^ : long golden needles ; si. sol. 
cold water.—EtjSNOsAgNO,.— (EtjSijSO, : in- 
distinct crystalline aggregates. -- SEtjBr : needles ; 
v. e. sol. water, si. sol. alcohol, insol. ether (c/. 
Otto a. Bossing, B. 19, 1839). The ethylo-iodide 
also forms the following combinations with 
metallio salt : SEtjIHglj.— SEtglTlI, (JOrgensen, 
/. p‘. [2] 6, 82).-(SEt,I),(Bil3)j (Kraut, A. 210, 
321).-SEt,IBiI,.— (SEt,I)2(BiI,),9am 

Ethylo - cyanide SEtjCy. formed by 
digesting SEt,I with KCy at 100° (Gauhe, Z. 
[2] 4, 622). Deliquescent needles. Besolved by 
heating with acids or alkalis into Et^S, pro- 
pionic acid, and NH,. A oj^staline compound 
SEtjCyAgCy is obtained by digesting Et,SI with 
alcohol and AgOy at 90°. It is decomposed by 
heat into SEt.Cy and AgCy (Patein, C. iJ. 106, 
861). 

Di-ethyl dl-sulpUde EtJ^ Mol. w. 122. 
(163° cor.). S.G. ’If -9927. V.D. 4-27 (calc. 4-28). 

Formation. — 1. By distilling KEtS 04 with a 
sonoentrated aqueous solution of (Zeise, 


P. 31, 371 ; Pyr. Morin, P. 48, 483 ; A. 32, 267 ; 
Lowig, P. 27, 5.50 ; 49, .326 ; Cahours, A. Gh, 
[3] 18, 268 ; A. 61, 98 ; Muspratt, C. J. 3, 19).— 
2. By distilling oxalic ether with K^Sz.— 8. By 
treating an aqueous solution of sodium mercap- 
tide with iodine (Kekul6 a. Linnemann, A. 123, 
279).— 4.. By treatiyg mercaptan with cone. 
H4SO4, sulphurous acid being given off (Erlen- 
meyer a. Lisenko, Z. 1861, 660).— 6. By heating 
mercaptan with sulphur for six hours at 160° 
(M. Muller, J. pr. [2] 4, 39).— 6. By heating 
NaSEt (8 g.) with alcohol (10 g.) and sulphur 
(1-6 g.) at 100° (Bottger, A. 223, 348): 
2NaSEt-fS, = Et,4S,j + Na2S2.— 7. From mercap- 
tan and SO.^Clj (Courant a. Kichter, B. 18, 
j 3178). • 

I Properties.— Colourless oil ; sol. alcohol and 
i ether. It first floats upon water, but after a 
I while it sinks, probably from absorption of water. 
Neutral to^test papers. It has an alliaceous 
odour, and is poisonous. It is very inflammable, 
and burns with a blue flame. It is attacked by 
Cl and Br. With IlgO it slowly forms a yellow 
mass. Its alcoholic solutions are ppd. by HgClj 
i and by Pb(OAc)2. 

Iteactions, — 1. Dilute nitric acid oxidises it 
to ethane thiosulphonic ether C.Hj.SO.^SEt.— 
2. Cold H^SO^ does not dissolve it ; on warming 
it gives oft SO..,.— 3. Heated in a sealed tube with 
EtI it gives SEt,I and iodine (Saytzeff, Z. [2] 6,-' 
109).— 4. Carbonised by S^Clj, SOClg, ClSO,H, 
and SO^Cl^. 

Di-etbyl trisulpbide Et.S;,. Obtained, to- 
gether with Et^S.^, by distilling KEtSOj with P ,8, 
(Cahours). Fonned also by heating Et.S , with 
sulphur. Heavy yellow oil, volatile with steam. 
It cannot be distilled undecomposed. Mercury 
removes one-third of its sulphur. Copper turn- 
ings at 150° do so also. When suspended in water, 
and oxidised by fuming HNOj there is formed 
H..SO4 and EtSOsH. Moist AgjO gives EtSO^H 
and Ag.,S (Muller). 

Di-ethyl tetrasulphide Formed by 

treating mercaptan with SjCl.^ in CS, solution 
(Clacsson, J. pr. [2] 16, 214). Oil with disgust- 
ing smell. Split up by distillation in steam into 
Et..S., and sulphur. 

* Di-ethyl pentasulphide Et.Si. A semi-solid 
mass got by heating the preceding with sulphur 
at 160°. 

TEI-ETHYL-SULPHINE COMPOUNDS v, 
supra. , 

ETHYL- SULPHINIC ACID v. Ethank sul- 

PHINIO ACID. 

ETHYL SULPHITES. 

Mono-ethyl sulphite. The potassium salt 
KO.80.OEt is formed when di-ethyl sulphite is 
treated with cold aqueous KOH (Warlitz,A. 148, 
761. Scales (from ^cohol) ; very unstable. 

Chloride EtdSO.Cl. (122°). From 
(EtO)jSO and PC1» (Mfchaelis a. Wagner, B. 7, 
1073). Formed in small quantity by passing 
HGl into alcohol saturated with SO, and heating 
tlfe product in a sealSd tube at 100°. Slightly 
fuming liquid. Readily decomposed by water 
into HOI, alcohol, and SO^ Not attacked by 
PClj at 120°, but at 180° it yields S001„ POCl, 
and EtGl. 

• Dl-dthyl sulphite 04 H,jSOj, i.e. (EtO),SO. 
(161°). S.G.i5 1086. V.D. 4*78. 

Formation. — -I. By the action of absolute 
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alcohol on SaClj, The reaction perhaps takea 
place thus: S,OL + HOEt = SOCIa+HSEt; and 
BOC4+2HOEt = SO((^t)a + 2HCl, but EtOI, 
HCl, and sulphur are also formed (Garius, A, 
106, 291 ; no, 221 ; 111, 93 ; J. pr, [2] 2, 279 ; 
Ebelmen a. Bouquet, A, Ch. [3] 17, 66 ; War- 
litz, A. 143, 74).- 2. By adding alcohol drop by 
drop to SOClj (Carius). 

Propertied.— Golourlessliquid, smelling some- 
what like mint. Miscible with alcohol and ether, 
but insol. water. Slowly decomposed by water. 
Aqueous alkalis and NajCO, quickly decompose it 
into alkaline sulphite and alcohol. Alcoholic 
KHO gives a pp. of EtO.SO.OK. Alcoholic NH, 
at 130° gives ethylamine and (NH,)2S05. Ethyl- 
amine gives NHEtj and (NH3Et)2SO,. PClj 
forms EtO.SOOl, which, however, on keeping, 
or on distilling, rapidly splits up into EtCl and 
SOj (Geuther, A. 224, 223). Chlorine attacks it 
strongly, and in bright sunshine forms 0^01*, 
CClj.COCl, and SO^Cl,. SOC4 at 120°' gives SO, 
and EtCl. Diethyl sulphite is split up at 200° 
into SO, and ether (Prinz, A, 223, 374). 

Isomeride o. Ethyl ether of Ethane sdlpuonio 

ACID. 

ETHYL SULPHOCYANIDE C^H^NS i.e. 
EtS.Cy. (146° cor.). S.G. 1-033 ; 23 i*002 
(Buff, .2r. [2J 4, 730) ; \ 107 1 (Nasini a. Scala, G. 
17, 66); iii 1-020. V.D. 3-02. Boo 41*4 
(N. a. S.). 

Fornmtion (Cahours, A. Ch. [3] 18, 264; 
L6wig,P, 07, 101; Muspratt, A. 65, 253).—!. 
By saturating a concentrated solution of potas- 
sium sulphocyanide with EtCl ; the product is 
diluted with an equal bulk of water and distilled, 
the distillate mixed with ether, diluted with 
water, and the ethereal solution dried over CaCl, 
and rectified.— 2. From EtI and silver sulpho- 
cyanide (Meyer a. Wurster, B. 6, 065).— 3. By 
distilling equal parts of calcium ethyl sulphate 
with potassium sulphocyanide, both in concen- 
trated solution. 

Proper Mobile colourless oil, having a 
taste of anise and a pungent odour resembling 
mercaptan. Insol. water, miscible with alcohol 
and ether. Its alcoholic solution does not ppt. 
solutions of metallic salts. 

Beactions. — 1. Nitric acid oxidises it to 
ethane sulplionic acid.— 2. liClO, and HCl at- 
tack it with great violence forming ethane sul- 
phonic acid.— 3. Chlorine forms chloride of 
cyanogen CyaClji and a liquid OaHjSCl, (135°) 
(James, J. pr. [2] 30, 316).— 4. Aqueous KOH at 
100° gives Et,8.„ potassium cyanate, and KCy 
(Briining, A, 104, 198).— 5. Boiling alcoliolio 
KOH gives off NH, and Et.,S,. — 6. Alcoholic 
KjS forms Et,S and potassium sulphocyanide.— 
7. Dry ammonia appears to form a little ethyl- 
thio-urea. Aqueous ammonia (S.G. *880) fortns 
black uncrystallisable products. Dilute aqueous 
NH, forms NH^Cy, urea, and EtjS, (Jeanjean, C. 
B. 66, 330 ; Kremer, J. pr. 73, 365).— 8. PEt, at 
100° forms Et,P3 and Et^PCy (Hofmann, B.4, 
611; A. Suppl. 1, 63).— 9. Dry H.,S gives di- 
thio-carbamic ether NH2.CS2Et. — 10. Thio-acetic 
acid gives NHAc.CSjEt.— 11. Mel at 105° gives 
Me, SI and other products (Dehn, A. Suppl. 4, 
107).— 12. HBr forms a compound EtSOyHgBr, 
(Henry, J. 1868,662). 

Bejmnee.- Cmwao-WHiL suLpaooiiiiiDB. 


DI-ETHYl-SULPHONE O^H.oBO, i.e. Et,SO,. 
Ethane sulphinic ether. Mol. w. 122 . [70°]. 
(248°). S. 16 at 16°. Boo 46-60 (in a 4-24 p.o. 
aqueous solution) (Eanonnikoff). 

Formation. — 1. By oxidising di-ethyl sulphide 
with HNO, in sealed tubes at 100°.— 2. By oxi- 
dising di-ethyl sulphide with a solution (1:30) of 
KMnO^.— 8. From sodium ethane sulphinate and 
EtBr (Otto, B. 13, 1278).— 4. By heating its a- 
carboxylic acid to 200° (Otto, B. 21, 994).— 6. 
From lecd ethide and SO, (Frankland a. Law- 
rance, C. J. 35, 246).— 6. By the dry distillation 
of itsdicarboxylicacid SO.,(CHMe.CO.,H)2 (Lov6n, 
B. 17, 2823). 

Propci Trimetrlc tables (from hot water 
or alcohol). Does not reduce KMnO^ ; is not 
reduced by Zn and H^SO, (differences from di- 
ethyl sulphoxide, Beckmann, J. pr. [2] 17, 
452). Not attacked by PCI,, chlorine, or ZnEt,. 
ICl, at 150° gives C^HgClSO, and other products 
(Spring a. Winssinger, B. 15, 440). 

ETHYL-SULPHONO-ACETIC ACID v. Mb- 

THYL-ETHVL 8ULPH0NE CARBOXYLIC ACID. 

DI . ETHYL - SULPHONE a - CARBOXYLIC 
ACID EtSOjCHMe.CO.^H. a-Ethyl-sulphono- 
propionic acid. The ethyl ether is obtained by 
boiling the ethyl ether of o-ohloropropionio acid 
with sodium ethane sulphinate (Otto, B. 21, 994). 
The free acid is a yellowish oil, miscible with 
alcohol and water. Decomposed on heating into 
di-ethyl-Bulphone and CO,. The Na salt is a 
gum. 

Di-ethyl-Bulphone B-carboxylio acid 
Et.SO,.CH2.CH,.CO,H. fi-Ethyl-sulphono-pi o- 
pionic acid. [112°]. The ethyl ether is obtained 
by the action of )3-iodopropionic acid on sodium 
ethane sulphinate in an alcoholic ablution (Otto, 
21, 995). The free acid forms plates, v. e. sol. 
alcohol and ether. At 200° it gives SOj and pro- 
pionio acid. The Na salt crystallises from alco- 
hol in plates, and is v. e. sol. water. 

Di-ethyl-sulphone di-carboxylio acid 
02S(C2H^.C02lI),. Sulpho-di-propionic acid. 
[156°]. 

Formation. — 1. By oxidation of thio-di-a- 
lactic acid S(C2H,.CO,n), with KMnO^.— 2. By 
the action of methyl iodide and sodium ethylate 
upon di-methyl-sulphone di-carboxyhc ether 
(Lov6n, B. 17, 2822). 

Properties.— Four-sided tables. V. sol. water, 
alcohol, and ether. On heating it loses CO;^, 
forming di-ethyl-sulphone, 

ETHYL-SULPHONE-ETHYLAMIDE v. Ethyl 
amide of Ethane sulphonio acid. 

’DI - ETHYL - 8ULPH0NE - DI - METHYL - 
METHANE v, Di - ethyl pbopylidene di- 

BULPHONE. 

ETHYL-IJDLPHONO. PROPIONIC ACID v. 
Di-bthyl-bdlphonb carboxylic acid, 

ETHYL SULPHO-UREA v. Ethyl-thio- 
urea. 

DI-ETHYL StTLPHOXIDE Et 2 SO. Ethyl 
oxysulpHde. F 6 nned by heating Et,S with dilute 
nitric acid (S.G. 1 - 2 ). Thick ayrup, v. sol. water. 
Cannot be mstilled. Reduced by zinc and H 2 SO 4 
to EtjB (Saytzefl, A. 144, 153). Chlorine gives 
EtCl ana chlorinated derivatives of ethane snl- 
phonio acid. Chlorine passed into its aqueous 
solution forms HOI, EtCl, and EtSOgGl (Spring 
a. Winssinger, B. 15, 447). 
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Di-etliyl-di-Bulplioxide v. Ethyl ether of 

BTHANB THIOSUIil’HONIO ACID. 

ETHYL ST7LPHYDRATE v. Mercaptan. 

ETHYL TARTRONIC ACID v. Oxy-ethyl- 

JIALONIO ACID. 

ETHYL-TADRINE v. Ethyl-amido-etuanb 
bulphonio acid. 

ETHYL-TELLURIDE EtjTe. (98°) (W.; 
H.) ; (138°) (M. a. M.). From K^Te and KEtS04 
(Wohler, A. 36, 111 ; 84, 69 ; Heeren, G. G. 1861, 
916). Roddish-yellow liquid with dkgusting 
odour, V. b 1. sol. water. Oxidised by air. 

G hi or id e Et/PeClj. Prepared by treating 
EtjTe with HNOg, dissolving the resulting crys- 
talline hitrate in water, and ppg.*by HGl. Oil. 
Reactions, — 1. Aqueous NHj gives (EtjjTe)aCl20, 
crystallising in six-sided prisms, whence Ag^SO, 
gives crystalline (Et/re) .U^SO^.- 2. Ag.p forms 
an unstable alkaline oxide, which is reduced by 
SO2 to Et;ro. 

Ethylo-chlorideEi^TeCh [174°]. From 
ZnEt^and TeCl^in ether (Marquardt a.Micliaelis, 
B. 21, 2042). Deliquescent. Excess of ZnEtj 
at 105° forms TeEtj and butane. 

E thy lo -iodide YA^Tcl. [92°]. FromEt.To 
and EtI at 50° (Becker, A. 180, 263 ; Cahours, 
A. Gh. [5] 10, 50). Monoclinio crystals. Gives 
with Ag20 an unstable alkaline base. 

DI-ETHYL-THETINE xC,H„SO, i.e. 
Et2S(OH).CH2.CO,J3. Obtained by adding Ag.O 
to an aqueous solution of its hydrobromidc (Letts, 
Tr. E. 28, 684). Thick syrup. 

Salta. — Et2SBr.CII2.CO.2H. Formed by 
shaking Et^S with bromo-acctio acid, and allow- 
ing to stand for a few days. Colourless prisms, 
sol. water aijd alcohol, insol. ether. It forms a 
lead salt Et2SBr.CH2.C02pbBrPbBr2 which crys- 
talliscs cither in narrow plates or in needles, si. 
sol. cold, V. sol. hot, water. Strong nitric acid 
oxidises di-ethyl-thetino to ethane sulphonio 
acid. — *Et.2SCl.CH2.C02lI: syrupy liquid.— 
(Et2SCl.CH2.C0.2H)2PtCl< : large dark -orange 
crystals. — (SEt.2'CH.2.C02H).2S04 : syrup. 

ETHYL - thienyl HEXYL KETONE 
CH— CU 

0 ,sH, 2„SO i.e. II II . (330° cor.). 

CEt.S.C.CO.C«H„ 

From ethyl- thiophene, hcptoyl chloride, and 
AICI3 (Schleiclier, B. 19, 660), Yellow oil of 
aromatic* odour. Yields on oxidation hexoic 
acid and thiophene oa-dicarboxylio acid. By 
heating with H2SO4 it gives heptoio and ethyl- 
thiophene sulphonic and disulphonic acids. 

Oxim. - 04SH2Et.C(N0H).C,H,3. [39°J. 

Crystalline. • 

(j3).ETHYL.THl1e:NYL METHYL KETONE 
O4SH2Et.CO.CH,. Aceto-ethyl-thUnone. (249° 
cor.). S.G. ^ ’096. Forified by the action of 
acetyl chloride upon (o) -ethyl- thicJphene in pre- 
sence of AL2CIJ (Schleicher, B. 18, 3020 ; 19, 660). 
Liquid. By alkaline KMnO* it is oxidised to 
thiophene di-carboxylio acid. 

Oxim 04 SH 2 Et.C(N 0 H).CI|, : [110°]; white 

crystals. 

Phenyl-hy dr aside. [68°]. Needles. 

.N't t r 0 • i 6 r i V a ^ « 04 SHEt (N02)(CO.CH,} : 

[71°]; white needles. 

Di. ethyl-thienyl methyl ketone 
04 SHEt,.CO.OH,. AcetodiethylthUnone. (260°). 
A mixture of di-eUiyl-thiophene (1 g.), AoOl 
(•6g.), petroleum-ether (6g.) is slowly dropped 


into petroleum-ether (30g.),'in which AlCl, (2 g.) 
is suspended. The product is treated with cold 
water and distilled (Muhlert, B. 19, 636). * Oil. 

Oxim O4SHEt2.C(NOH).0H,. Oil. 

ETHYL-(ci).THIOCARBAMIC ACID. Ethyl 
NHEt.CO.SEt. (204°-208°). From mer- 
captan and cyanic ether (Hofmann, S. 2, 118). 
Heavy oil. Decomposed by acids or alkalis into 
mercaptan, COg, and ethylamine. 

Benzoyl derivative ? NBzEt.CO.SH. 
[74°]. From BzCl and potassium sulphocyanido 
in alcoholic solution (Lossner, J.pr. [2] 10, 236). 
On pouring the product into water the acid sepa- 
rates as hard sulphur-yellow prisms, v. si. sol. 
water, v. sol. alcohol and ether. Resolved by 
heat into mercapt^, benzonitrile, and CO,. Hot 
aqueous KOH gives KOBz, potassium sulphide, 
potassium carbonate, and potassium sulphocyan- 
ide NBzEt.CO.SK : small needles (from alco- 

hol), v. sol. water, si. sol. alcohol and ether. — 
AgA': flocculent pp. turns black on heating. — EtA'. 
From the K salt and EtBr. Heavy non-volatile 
oil. At 105° it forms crystals [129°]. — CsHuA'? 
small prisms, sol. water and alcohol ; formed 
from isoamyl alcohol and benzoyl sulphocyanide 
(Miquel, A. Ch. [5] 11, 330).-C3HiA' ; [93°] ; 
minute needles (from dilute alcohol) ; insol. water, 
v. sol. alcohol and ether. 

Ethyl.(3)-thiocarbamic acid. Ethyl ether 
NHEt.CS.OEt. Ethyl-urethane. (204°-208°). 
From ethyl thiocarbimide and alcohol by heating 
for several hours at 110° (Hofmann, B. 2, 117). 
Formed also by treating ethyl thio-carbimide 
with alcoholic NaOH. Oil, smelling of garlic. 
Split up by alkalis or dilute acids into ethyl- 
amine, H2S, alcohol, and CO2. Cone. H2SO4 gives 
oil COS. 


Ethyl-di-thio-carbamic acid NHEt.CS.SH. 
The ethylamine salt is formed by adding CS, 
slowly to an ethereal solution of ethylamine at 
— 18° (Hofmann, B. 1, 25; Rudneff, J. R, 10, 
188; B. 11, 987; Bn. 1, 998); the free acid is 
ppd. on adding the calculated quantity of HOI to 
a solution of this salt. It ie crystalline. It is 
decomposed by excess of HCl into CS, and ethyl- 
amine. 

Salts.— The silver salt is a white pp. de- 
composed by boiling water into silver^ sulphide 
and ethyl thiocarbimide. — Ethylamine salt 
N llEt.CS.SNHjEt. [103°]. Six-sided tables 
(from alcohol), v. sol. water and alcohol, m. sol. 
ether. On boiling the alcoholic solution di-ethyl- 
thio-urea is formed. Iodine attacks its alcoholic 
solution forming di-ethyl-thio-urea, CS*, ethyl 
thiocarbimide, NHgEt, and sulphur. 

Ethyl ether EtA'. Di-cthyl-xanthami^. 
Prepared by digesting mercaptan with ethyl-thio- 
carbiraide at 120° for several hours (Hofmann, 
4 . [2] 5, 268). Heavy oil. Decomposed by dis- 


tillation. 

Di-ethyl-di-thio-cSrbamic acid. Diethyl- 
amine salt NEt2.CS.S.NH2Et2. From CS.^ and 
diethylomine (Grodzki, B, 14, 2764). Not de- 
composed at 110°. Split up by iodine into di- 
ethylamine and OJ0H20N2S4 of (NEt.2.CS)jS, [70°] 
which may be crystallised from alcohol. 
xiTiTYL . THIO • CARBAMINE - CYAMIDS 


OaEBMIDO-BTH YL-THIO- DBEA. 

ETHYL-THIO-CARBAMINE-METHYl CY- 
AMIDE V. MBinYL-CARBlMlDO-aXBYL-XBlO-VBKA. 



ETHYT^THIOOARBIMIDE. 


520 


BTHYL-THIOCARBIMIDE 0,H»NS i.e. 
EtN.CS. Ethyl mustard oil. Mol. w. 87. (133°). 
V.D. 3-03 (calc. 3 02). S.G. 2 1019 ; *997 

(Buff, Z. [2] 4, 730) ; * *995 (Nasini a. Soala, G. 
17,66). 43*36. 

Formation. — 1. By heating cyanic ether with-. 
P^j (Michael a. Palmer, ,4jn. 6, 260).— -2. By 
adding an aqueous solution of ethylamine to 
CSOl, (Bathke, A. 167, 218).— 3. By distilling 
di-ethyl-thio-urea with PjOj or dry HCl (Hof- 
mann, B. 1, 26).— 4. By distilling ethylamine 
ethyl-di-thio-carbainate (from CSj and NH^Et) 
wim aqueous silver nitrate, or, belter, HgCl^. An 
excess of AgN0,mu8t be avoided, or some of the 
EtNGS will be changed into EtNGO. It is un- 
necessary to use pure ethylamine, the crude 
product of the action of alcoholic NH^ on EtI 
answers just as well.— 6. Formed in small quan- 
tity, together with ethyl sulphocyanide and 
other products, by heating mercuric sulpho- 
oyanide with EtI at 180° (Michael, Am. 1, 417). 

Properties. — Pungent liquid, inflames the 
tongue. 

Beactions.—l. It unites directly with avum- 
nia and primary amines forming ethyl- and 
ethyl-alkyl- thio-ureas. — 2. Digested for some 
hoars at 110° with alcohol it forms ethyl- (3)- 
thio-carbamic ether. — 3. Afercapfan at 120° gives 
ethyl-di-thio-carbamic ether. — 4. When chlorine 
is passed through a cooled mixture of equal 
volumes of ethyl thiocarbimide and dry ether 
there is formed a powder which by treatment 
with aqueous NaOH is converted into (EtNCS).p 
[42°]. This oxide of ethyl thiocarbimide crys- 
tallises from alcohol in splendid colourless 
tablets and prisms, insol. water. On treatment 
with ammonium sulphide sulphur separates and 
the filtrate deposits crystals [c. 60°] (Sell, B. 6, 
322).— 6. Ethyl thiocarbimide (1 mol.) warmed 
with aldehyde -ammonia (2 mols.) and alcohol 
at 100° forms silvery needles of 
[119°], V. sol. alcohol, ether, and hot water. 
Alkalis and dilate acids give off aldehyde, NH^, 
ethylamine, &c. < 

ETHYL THIOCAEBOKATES. Sulphocarbo- 
nic ethers. 

Mono-ethyl-(a)-thiocarbonate. Salts. — 
EtO.CO.SK. Formed by the action of alcoholic 
KOH or KSH on OS(OEt) 2 , or of KOH on 
EtO.CS.SEt (Debus, A. 75, 130, 136, 142 ; 82, 
253). Formed also by passing COj into an alco- 
holic solution of ^SEt (Chancel, C. B,. 32, 642). 
Also from COS and alcoholic KOH (Bender, A. 
148, 137). Long needles or prisms; v. sol. water 
and alconol, insol. ethey, not deliquescent. The 
aqueous solution decomposes on boiling into 
Et^CO,, mercaptan, EtjS, and alcohol. The dry 
salt decomposes at 170° into COS, EtjS, and 
K,CO,. On adding acids to its aqueous solution 
COS and alcohol are formed. By adding iodine 
to its alcoholic solutifin there is formed 
EtO.CO.S.S.CO.OEt, a heavy oil, which is de- 
composed by alcoholic KOH giving EtO.CO.SK, 
‘ sulphur, and K-S. When is passed into ita 
alcoholic solution* sulphur is deposited, while 
Et-S and allophanio ether remain in solution 
((Sanoel, C. B. 32, 644 ; Debus, A. 75, 142).— 
(EtO.CO.S)jZn : m. sol. water and alcohol.— 
(EtO.CO.S),Pb ; crystalline powder, insol. water, 
si. sol. alcohol.— EtO.CO.SAg: unstable sticky 
mass, insol. water. — (EtO.CO.SjgOu^OUaS Ob- 


tained by adding cupric sulphate to a solution 
of the K salt until the milky pp. first formed 
becomes yellow. This is washed with ether. It 
is a yellow amorphous powder. 

Di - ethyl (o) - thiocarbonate EtO.CO.SEt. 
(166°). S.G. W 1*0285. Eq^ 34*09 (Nasini, Q. 
13, 802). From the K salt and EtBr in alcohol 
(Salomon, J. pr. [2] 6 , 438). Also from NaSEt 
and C100..Et. Liquid with characteristic smell. 
Split up by water at 160° into mercaptan, CO.^, 
and alooBol. Alcoholic NH, gives mercaptan and 
EtO.CO.NHj. Alcoholic KOH gives mercaptan, 
alcohol, and potassium carbonate. 

Amide EtS.CO.NHj. Isothiocarbamic ether. 
Isothiourethane. [102°] (P.) ; [108°] (F.). 

Formation. — 1, By passing gaseous HCl into 
an alcoholic solution of ethyl sulphocyanide 
(Pinner, B. 14, 1082).— 2. From HCl and alco- 
holic potassium sulphocyanide (Blankenhorn, 
J. pr. [2] 16, 375).-3. From ClCO.SEt and NHj 
(Salomon, J. pr. [2] 7, 266). — 4. From 
NH,.CO.SNH,and EtBr (Fleischer, B. 9, 991).- 
r*. In small quantity from CO(SEt).j, and NH, 
(Salomon a. Conrad, J.pr. [2] 10, 32). 

Properties.— Plates, maybe sublimed; si. sol. 
water, v. sol. alcohol. In a sealed tube at 150° 
it splits up into mercaptan and cyanurio acid. 
Alcoholic NHj gives urea and mercaptan. Alco- 
holic KOH gives CO^, ammonia, and mercaptan* 
P.p., gives ethyl sulphocyanide. HgClj, CuSO^, 
and AgNOa give pps. 

Di-ethyl ethylene (u).di-thio-di-oarbonate 
(EtO.CO.S).All 4 - J'rom EtO.CO.SK and alco- 
holic ethylene biomido (Welde, J.pr. [2] 15, 52). 
Thick oil with unpleasant odour. Cannot bo dis- 
tilled. Alcoholic Nil, gives in the cold C^H,(SH)j 
and carbamic ether. Alcoholic KOH gives in the 
cold EtO.CO.OK and CiI,(SH),. 

Ethyl isobutyl (a) -thiocarbonate 
EtO.CO.se, Up. (192°). S.G. . 994 . From 
ClCO.Et and NaSC 4 H 9 (Mylius, B. 6 , 313). 
Alcoholic NHj converts it into HSC 4 H 9 and 
EtO.CO.NH... Alcoholic KOH or KSH forms 
C^HgSH, alcohol, and CO,. 

Isobutyl ethyl (a) -thiocarbonate 
C,H,O.CO.SEt. (193°). S.G. ^ *994. From 
Cl.CO^C^Hj and NaSEt (M.). Liquid, smelling 
like mercaptan. Alcoholic NHj gives mercaptan 
and O^HgO.CO.NH,. Warm alcoholic KOH gives 
EtSH, isobutyl alcohol, and CO,. 

Ethyl - isoamyl thiocarbonate 
CO(OEt)(SCjH„). From Cl.CO.S.CjH,, and 
NaOEt. A liquid (Schone, J. pr. [2] 32, 245). 

Beactions.—l. Alcoholic NH, reacts accord- 
ing' to the equation CO(S.OjH,,)(OEt)-l-NH, 
= HSC,H„-i-CO(NH,)(OEt).— 2. AlcohoUc KOH 
reacts thus ; CO(SC 4 H,,)(OEt) + 2 KOH 
= HSC^H,, + HOEt +1C,00,. 

Ethyl ( 3 )-thio-carbonic acid. 

Chloride EtO.CSCl. (186°). Colourle* 
pungent oil; formed in small quantity by the 
action of alcohol on CSCl,. Converted by NH, 
into the amide (dlason, B. 20, 2386). 

Amide EtO.CS.NH,. Xanthogenamide. 
[38°] (Salomon, J.pr. [2] 8 , lli). Formed by,' 
•the action of alcoholic NH, on EtO.CS.SEt 
(Debus, A. 76, 128), on EtO.CS.Cl (Klason), on 
EtO.CS.SMe (Chancel, J. 1861, 618), or on 
(EtO.CS),S,. Monoclinio pyramids. M. sol. 
water, v. e. sol. alcohol and etheik Split up by 
. dry distillation into mercaptan, cyanic acid, and 
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oyanurio acid. Alcoholic KOH or baryta form 
alcohol and a aulphocyanide. PgOj gives ethyl 
Bulphocyanide (Salomon a. Conrad, J. pr, [2] 10, 
84). 

Combinations.— S0)2Ca30l2. Formed 
by adding OuSO^ to the aqueous solution and 
decomposing the pp. with HCl. Small rhom- 
bohedra (from alcohol) ; v. si. aol. water. — 
(0,H,NS0),0u2Cl2. - ( 03 H,NS 0 )«Cu 2 C 1 ,. - 
(OjEjNSOSsOujCV — ( 03 H;NS 0 ) 2 CuI. — 

(0,H,NS0LCuI. - (0,H,NS0)2Cu,(SCy)2. — 
(0,H,NSO)^3Cu3(SCy)2.-0,H,NS06Cu2(SCy)3.- 
(C3H,NSO),Pt3Cl3 (Debus). 

Di . ethyl (j8)-thiocarbonate , EtO.CS.OEt. 
(162®). S.G. 1 1'032. Bqo 34*51 (Nasini, 0. 13, 
803). 

Formation.— 1, By the dry distillation of 
EtO.CS.S.S.CS.OEt, the other products being 
CSj and EtO.CS.SEt (Debus, A. 75, 136).— 2. 
From CSCI2 and KOEt (Salomon, J.pr. [2] 6, 
441). 

Properties. — Liquid with pleasant odour. In- 
Bol. water, v. sol. alcohol and ether. 

Reactions. — 1. Alcoholic KHS gives mercap- 
tan and EtO.CO.SK.— 2. Alcoholic KOH gives 
alcohol, EtO.CO.SK, and EtO.CO.OK.— 3. Cold 
alcoholic NHg gives NH4SCy and alcohol. 

Mono-ethyl (a)3 ) -di-thio-carbonate 
EtO.CS.SH. XantJwgenic acid. Xanthic acid. 

Formation . — KOH (2 pts.) is dissolved in 
alcohol (1 pt.), and CSj is slowly added until 
the liquid is no longer alkaline. On cooling to 
O'’ the potassium xanthate separates m colour- 
less needles from which the acid may bo obtained 
by treatment with dilute H.SO^ (Zeise, Sch. J. 30, 
1 ; 43, 160 ; P. 35, 467 ; Couerbe, A. Gh. [2] 61, 
225 ; Sacc, A. 61, 315 ; Debus, A. 72,1 ; 76, 121 ; 
82, 253 ; Desains, A. Gh. [3J 20, 406 ; Hlasiwctz, 

A. 122, 87). Potassium xanthate is also formed 
by treating xanthic ether with KHS. 

Properties. —Colourless heavy oil, with strong 
odour. It first reddens litmus, then bleaches it. 
It is very inflammable. At 24® it seems to boil, 
being split up into CSj and alcohol. It expels 
CO.j from its salts. 

Salts.— The soluble xanthates form a white 
pp. with lead salts, a yellow pp. with cupric salts 
(hence the name), and a light-yellow pp. with 
silver and mercurous salts ; the last-mentioned 
pp. turning black. — KA'. S.G. 1*5576 (Clarke, 

B. 11, 1505). S. (alcohol) 20. Prepared as above. 
Colourless prisms which turn slightly yellow on 
exposure to air. V. sol. water and alcohol, insoi. 
ether. Its aqueous solution decomposes above 
60® into KjCSj, alcohol, HjS, and COj. In tlie 
dry state it may bo heated to 200° without altera- 
tion ; at a higher temperature it decomposes, 
leaving a residue of KjS mixed with charcoal. 
Hot KOHAq forms EtO.CO.SK. fodine added 
tolts alcoholic solution gives EtO.CS.S.S.CS.OEt, 
which is also formed by the action of iodine on 
lead xanthate (Desains, A. Gh. [8] 20, 460 ; 
Debus, A. 72, 1). This substatice [28®] S.G. 
1*260 (N. a. S.) forms prisms, v. e. sol. alcohol 
and ether, insol.ssrater. (EtO.CS)2S3 is split up 
on distillation into EtO.CS.SEt, (EtOjjCS, CO, 
sulphur, and CSj. Potassium unites with 
(EtO.CS)28s, forming potassium xanthate (Drech- 
sel, Z. 1866, 683). Alcoholic NH, converts 
(EtO.OS),S, in^ xanthamide and ammonium 
xanthate. Alcoholic KOH gives potassium 


xanthate, COj, and sulphur. Alcoholic KSH also 
converts (EtO.CS),S2 potassium xanthate, 
HjS and S being set free. Aniline converts 
^0.08)383 into NHPh.CS.OEt and CS(NHPh)3 
(Hofmann, B. S, 773). Potassium ^anthate is 
converted by ClCOjEt into S(CS.OEt)3 [65®]. 
This body crystallises from alcohol in golden 
needles, split up by alcoholic NH^ into 
EtO.CB.NH3 and H^S, and by alcoholic KOH 
into EtO.CO.SK and EtO.CS.SK (Welde, J. pr. 
[2] 16, 46). — NaA' : yellow needles. — NH4A' : 
colourless needles, resembling urea. V. e. sol. 
water and alcohol.- -BaA'./^aq : from alcoliol, 
BaO, and CS3. Very unstable laminte ; sol. 
water. — "CaA'.^ : ^ummy mass. - AsA',. Pre- 
pared by dropping a solution of AbCIj in CSj 
into alcoholic NaOEt, with cooling. The liquid 
is filtered from NaCl, and allowed to evaporate 
spontaneously (Hlasiwetz). Colourless mono- 
clinic tabl<!s (from CS.). V. e. sol. CS^. De- 
composed by heat, leaving As^S^. Decomposed 
by warm aqueous HCl.— SbAV Prepared in 
the same way as the preceding xantliate, using 
SbCl^. Large lomon-yellow trichnic crystals. - 
BiA',: golden-yellow lamiiiiB and tables.— CrA'., : 
shining dark-blue crystals; m. sol. CS,_„ form- 
ing a violet-blue solution. — CoA'j : large black 
crystals, m. sol. CS_; forming a dark grass- 
green solution (H.). Insol. NH^ (Phipson, C. 
R. 8‘1, 1459).— NiA'.2 : large black monoclinio 
I tables, m. sol. CS^ forming a yellowish-green 
I solution (II.). Sol. NU|Aq.— llgA'o. From 

KaOEt and HgCl^ in CS, (11.). Satiny scales, 
m. sol. CS^.— SnA',^. From NaORt, SnCl^, and 
CSj in the same manner as AsA'3 (IL). Golden 
lamime and tables.— FcA', : black monoclinic 
crystals; its solution in CS3 is brownish-black 
(H ). — CUjAV Potas.sinm xanthate added to a 
solution of a cupric salt forms at first a brownish- 
I black pp. of cupric xanthate, but this quickly 
changes to beautiful yellow flocculi of cuprous 
xantliate. This salt is not sensibly attacked by 
H.^S, but ammonium sulphide decomposes it im- 
mediately. It is decomposed by hot acids. It 
j is insol. water and NHg, sol. CS.^. — PbA'g. Pre- 
j pared by adding CS.^ and lead hydroxide to 
alcoholic KOH. Colourless silky needles; insoi. 
water and ether, m. sol. boiling alcohol. Slowly 
decomposed by H2S, immediately by ammonium 
sulpliide. When boiled with aqueous KOH a 
pp. of PbS is formed. Cupric sulphate solution 
poured on the crystals immgdiately changes 
them to cuprous xanthate (Debus). — ZnA', : 
granular pp. ; si. sol. water, m. sol. alcohol, 
v. sol. NH^Aq (P.). 

Chloride and Amide v. supra. 

Methyl ethyl (o)3)-dithiocarbonate 
EtO.CS.SMe. Methyl xanthate. (179®) (8.) ; 
(184®) (C.). S.G. J 1*119 (Nasini a. Scala, 0. 17, 
66); li 1*123 (C.); 1*129 (S.). 65*67. 

V.l). 4*66. Obtained ll^ distilling KMeSO, with 
potassium xanthate (Chancel, A. Gh. [3] 36,468). 
Also from potassium xanthate and Mel (Salomon, 
Jfjm. [2] 8, 116). P8le-yeIlow oil; sol. alcohol 
and ether. Alcoholic KOH 'gives MeSH and 
.xanthamide EtO.CS.NH,. 

Di-ethyl (a/3)-di-tliio-carbonate EtO.CS.SEt. 
Xanthic ether. Mol. w. 160. (200®). S.G. *1*074 
(N.a.8.). R 00 70*96. 

Formaticyn. — 1. From EtO.CS.SK and EtCl 
(Debus), or EtBr (Salomon, JT. pr. [2] 6, 446).— 
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2. By the dry distillation of (EtO.CS),S, 
(Zeise). 

Properties, — Pale*yellow oil, smelling like 
garlic ; miscible with alcohol and ether. It 
dissolves io4ine. It is but slightly attacked by 
potassip. It is not attacked by HCI. Its. 
alcoholic solution gives a white pp. with HgCI^. 
HgO, PbO, and PbOj do not act on it. 

Rcactwms.— Alcoholic KSH gives mercaptan 
and EtO.CS.SK. Alcoholic KOH acts in like 
manner. NHj passed into its alcoholic solution 
ionns EtjS, HjS, and EtO.CS.NH,. Aqueous 
NHj at 136° forms alcohol, mercaptan, and 
NH^SCy. Water at 160° gives mercaptan, alco- 
hol, COj and H.^S (Schmitt a. Glutz, B. 1, 168). 
Chloride EtS.CSCl. (10u°mmcMo). S.G. 
1*1408. From mercaptan and CSCL (Klason, 

B. 20, 2385). 

Amide EtS.CS.NH2. [42°]. Formed by 
passing HjS into ethyl sulphocyanids at 100° 
under extra pressure (Jeanjean, J. 1866, 501 ; 
Salomon a. Conrad, J. pr. [2] 10, 20). Trimetric 
crystals (from ether) with unpleasant odour. 
Insol. water, v. e. sol. alcohol and ether. Alco- 
holic NHj or KOH gives mercaptan and sulpho- 
cyanide. EtI forms crystalline EtS.CS.NHoEtl. 
HgCla, AgNOj, and CUSO4 give pps. 

Acetvl derivative of the Amide 
EtS.CS.NHAc. [123°]. Yellow needles ; sol. al- 
cohol, ether, and hot water. Boiled with baryta- 
water it gives mercaptan, barium sulphocyanide, 
and barium acetate. Formed by the combina- 
tion of thio-acetic acid with ethyl-sulpliocyanide. 
On dry distillation it is decomposed into these 
constituents (Chanlaroff, B. 15, 1087). 

Ethylene ethyl (,a/3)-di-thiocarbonate 
(EtO.CS.S)2C,2H4. [42°]. From potassium xan- 
thate and alcoholic ethylene bromide (Welde, 
J.pr. [2] 15, 55). Long needles or tables (from 
ether). Alcoholic NH, gives EtO.CS.NHj and 

C, H4(SH).2. 

Ethyl propyl (aj8)-di-thiocarbonate 
EtO.CS.SPr. S.G.i 1-050. B qd 78-55 (Nasini a. 
Scala, a 17, 66). ' 

Ethyl isobutyl (a0)-di-thio-carbonate 
C4H,O.CS.SEt. (228°). S.G. 1-003. From 
C4HeO.CS.SK and EtI (Mylius, B. 5, 075). 

Di - ethyl - (ao) - di - thiocarbonate CO(SEt)2. 
(197°). S.G. ^5 1-084. 

Fomtation.~-l. By warming ethyl sulpho- 
cyanide with cone. H2SO4 (Schmitt a. Glutz, B. 

I, 166). — 2. Fronj NaSEt and COClo (Salomon, 

J. pr, [2] 7, 255).— 3. From di-phenyl carbonate 
and NaSEt (Seifert. J. pr. [2] 31, 464). 

Properties.— Oil, smelling like garlic. Alco- 
holic NH, splits it up into urea and mercaptan. 
Alcoholic KOH gives KEtCO, and mercaptan. 
Water at 160° forms CO, and mercaptan. 

Mono-ethyl tri-thio-carbonate EtS.CS.SH. 
Salt.— KA'. Formed by direct union of CS., 
with KSEt (Chancel, G. u. 32, 642). Sol. water 
and alcohol. Its solution gives yellow pps. with 
salts of Ag, Pb, and Hg ; and with CuSO.a scarlet 
pp. of the cuprous salt, iftese pps. decompose 
when heated, leaving metallic sulphides. The 
E salt decomposes at 100° into PjS, and an oil 
C,H„S? 

Di- ethyl tri-thio- carbonate EtS.CS.SEt. 
(240°). 

Formation.— 1. From K^CS, or NajCS, and 
EtI or EtCl (Schweitzer, /. pr. 32, 254 r Debus, 


A. 75, 147; Hiisemann, A. 123, 67).— 2. By 
acting on EtI and CS, with sodium amalgam 
(Nasiui a. Scala, G. 17, 236; c/.L6wig a. Scholz, 
J. pr. 79, 441).- 3. From CSCl, and NaSEt 
(Klason, B. 20, 2385). 

Properties.— Reayy yellow oil, v. sol. alcohol 
and ether. Has a slightly alliaceous odour. 
Burns with blue flame. When heated slowly it 
partially decomposes into Et.^S and CSg. Alco- 
holic KOH gives K2CS3, mercaptan, &o. Alco- 
holic N H3 at 100° gives mercaptan and ammonium 
sulphocyanide. Unites with bromine, forming 
EtjCSsBr-^whioh crystallises from ether in large 
six-sided prisms, decomposed by water with 
liberation of HBr, and by potash with liberation 
of the original ether (Behrend, A. 128, 333). 
Oxidised by HNO, to ethane sulphonic acid. 

Ethyl-ortho-thio-carbonate C(SEt)j. S.G. 
1‘01. Formed by treating CCl, with NaSEt 
(Claesson, J. pr. [2] 15, 212). Oil, with, un- 
pleasant odour. Gives off Et^S, when heated. 
Volatile with steam. Oxidised by HNO3 to 
ethane sulphonic acid. 

ETHYL THIOCYANATE v. Ethyl sulpho- 

CYANIDE. 

.C,H3— NHEt 

DI-ETHYI-TmONINE N< >S 

I \C,H,— NEt 

Obtained by the action of Fe,Cl„ upon a dilute 
solution of ethyl-p-phenylene diamine in pre- 
sence of H,S and HCI. In its properties and 
reactions it closely resembles the di-mctliyl- 
thionine {q.v.) (Bornthsen a. Goskc, B. 20, 933). 

(a)-ETHYI.THIOPHENE C,H«S i.e. 
CH-CH 

11 II . (133° cor.). S.G. ^-000. Formed 
CEt.S.CH 

by the action of sodium upon a mixture of {i3)- 
bromo-tliiophene and EtBr (Schleicher, B. 18, 
3015 - 19,671) ; or upon EtI or EtBr and (i3)-iodo- 
thiophene (Meyer a. Kreis, B. 17, 1660 ; Egli, 

B. 18, 544). Colourless oil. Gives Lauben- 
beiiucr’s reaction. By alkaline KMn04 it is 
oxidised to thienyl methyl ketone, thiophene- 
(a) -carboxylic acid [127°], and thienyl-(a)-gly. 
oxylic acid. Gives a tri-bromo- derivative 
C4SEtBr3 : [108°] ; colourless plates. 

CEt . CH 

()3)-Ethyl-thiophene |( || . Oltained by 

CH.S.CH 

heating ethyl-succinic acid with (Damsky, 
B. 19, 3284). Oil. KMn04 thiopliene (3)- 
carboxylic acid [136°]. 

Di-ethyl-tbiophene C4Sn,Et^. (181° cor.). 
S.G. -j| -962. From iodo-ethyl-thiophene, EtI, 
and sodium (Muhlert, B. 19, 633). 

References. — Bromo-, Chloro-, Iodo-, and 
Nitbo-ethyl-tuiophenn. 

(a).ETHYL-THIOPHENECAEBOXYlIC ACID 
C4SH,Et.CO;jH. Ethyl-thiopjienic acid. [71°]. 
Obtained by the action of sodium amalgam upon 
a mixture of 'lodo-(a)-thiophene and chloro- 
formic ether, and saponification of the product. 
Glistening colourless crystals. V. sol. alcohol, 
ether, and hot water, si. sol. cold water. By 
alkaline KMn04 it is oxidised to thiophene di< 
carboxylic acid. 

Salts.— AgA': curdy pp., sol. hot water. — 
CaA'2 2^aq ; colourless silky ueodles (Schleicher, 
B. 18, 3018). 
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Hono-«tli7l tUophospliate (EtO)PS(OH) 2 . 
Ethyl-thiophosphom acid. Oil formed by the 
action of aloohol on PSOl,. The K and Na salts 
are formed by treating PSCl, with alcoholic KOH 
or NaOH. They are v. sol. water and alcohol. 
The salts of Ba, Sr, and Oa are crystallisable. — 
BaA" (Cloez, 0. B. 24, 388 ; Chevrier, Z. 1869, 

l-ethyl-thlophosphate (EtO)2PS(OH). Di- ' 
ethuldhiophosplumc add. Formed,* together 
with EtgPSaOj, by the action of PjSj on aWhol 
(Carius, A. 112, 190). Viscid oil, having an 
acid and bitter taste. It may be boiled in 
aqueous or alcoholic solution without decompo- 
sition, but when heated per se it gives off mer- 
captan and leaves phosphoric acid. It forms 
very stable salts, those of the alkalis, alkaline 
earths, and of lead being v. sol. water, sol. 
absolute alcohol and ether. The silver salt is 
T. si. sol. water, but v. sol. alcohol and ether. 

Tri-ethyl thiophosphate (EtO)2PS. Formed by 
the action of alcohol on PSCl, or PSBr, ; and of 
PSClj on NaOEt (Carius, A. 119, 291 ; Chevrier, 
Z. 1869, 413 ; Michaelis.B. 6, 4). Oil, smelling 
like turpentine, volatile with steam. Cone. 
H^SO, appears to form EtPSO, and Et4P2SjOj. 

Di-ethyldi-thiophoflphat6Et2HPOjSj.Formed, 
together with Et^S, by heating EtgPOaS, with 
mercaptan in a sealed tube (Carius). The K salt 
is formed by the action of alcoholic KSEt on 
EtjPOjS^. Colourless amorphous mass. 

Tri • ethyl di • thlo - phosphate EtgPO.^S^. 
Formed, as above, by treating alcohol with P.^S^. 
Colourless oil, with aromatic and somewhat 
alliaceous odour. Volatile with steam. 

Di-ethyPtetra-thio-phosphate EtjHPS,. The 
K salt is formed by the action of alcoholic KSII 
on EtjPS^. Et^HPSg crystallises in prisms 
(Carius, J. 1861, 683). 

Tri-ethyl tetra-thio-phosphate EtjPS,. Pro- 
duced by the action of P^Sj on mercaptan, or, 
better, on mercury mercaptide (Carius, A. 112, 
199). Light yellow oil. KOH forms, apparently, 
KEt^POSg. 

Tetra-ethyl di-thio-pyrophosphate Et^P^S^Oj. 
Appears to be produced by treating EtgPSOj 
with cone. HjSO, (Carius, Z. 1861, 305). Liquid, 
m. sol. water. Alcoholic KOH gives EtjKPjSjOg. 

Tetrajethyl tri-thio-pyrophosphate 
Et^PaSjOg. From PjSjBrg and alcohol (Michaelis, 
B. 6, 8). 

Tetra-ethyl penta-thio-pyrophosphate 
EtP-^SgOg. [71^*] (Carius, J. 1861, 686). 

ETHYL THIOSINAMINE v. ETHYL-Ai-aYL- 

THIO-UREA. 

MONO-ETHYL THIOSULPHATE 

EtS.SOg.OH. Ethyl-thioaulphuric acid. 

Formaidm.—!. By treating Et^S with an 
equal volume of oono. HgSOg (B. H. Smith, C. J. 
22, 302).— 2. By beating EtBr (1 mol.) with 
NagSaO, (1 mol.) with an inverted condenser 
(Bunte, B. 7, 646).— 3. By the Action of iodine 
on a mixture of mercaptan andWajSO, (Spring, 
B. 7, 1162). 

Salts.— Na A' : silky six-sided needles (from 
alcohol). Its aqueous solution is scarcely de- 
composed at 100°, but on add^ a small quantity 
of HOI it rapidly splits up into mercaptan and 
NaHSO*. The dry s^t is slowly converted at 
100^ into dithionate and EtaSg. Its aqueous 


solution gives sparingly soluble pps. with AgKO„ 
Pb(NO,)a, and HgOlg; the last pp. is quickly 
converted on heating into EtSHgCl, while sul- 
phuric acid remains in solution. HNOg oxidises 
the sodium salt to sulphuric and ethane sulphonio 
acids. Sodium forms mercaptan and NaaSO,.— 
*BaA',2aq : colourless rectangular tables, v. sol. 
water, si. sol. alcohol. The oopper salt forms 
small dimetrio tables, v. sol. water. The silver 
salt crystallises in small shining laminee. 

Chloride EtS.SOjCl. From the Na salt 
and PClj. Split up by heat, giving EtjSa (c/. 
Bamsay, B. 8, 764). 

ETHYL-THIO-URAMIDO -BENZOIC ACID 

NHEt.CS.NH.OgH4.CO.H. PhenylethyUhio- 
urea m-carboxyli»acid. [196° uncor.). Formed 
by boiling m-amido-benzoic acid with ethyl- 
mustard-oil in alcoholic solution (Asohan, B. 
17, 430). Small transparent prisms. 

ETHYL-THIO-UREA CgHgNjS i.e. 
NH2.CS.NHEt. Mol. w. 104. [113°] (Hofmann, 
B. 18, 2788). From ethyl thio-carbimide by 
direct addition of NH, in alcoholic solution 
(Hofmann, Z. 1868, 686; 1870, 157; B. 1,26). 
Needles (from hot water). Sol. water and alco- 
hol. Its solution in aqueous HCl gives a yellow 
pp. with PtCl^. In aqueous or alcoholic solution 
it is easily desulphurised by PbO or HgO, the 
ultimate product being tri -ethyl -melamine 
C2N2(NHEt),. 

Benzoyl derivative NHBz.CS.NHEt. 
[134°]. Obtained by treating benzoyl sulpho- 
oyanide with ethylamino (Miquel, A. Ch. [6] 11, 
818). Slender prisms, insol. water, m. sol. boil- 
ing alcohol. Split up by boiling with aqueous 
HCl, giving ethylamine and benzamide. HgO 
gives NHBz.CO.NHEt. 

Di-ethyl-thio-urea CS(NHEt)2. Mol. w. 132. 
Formed by the addition of ethylamine to ethyl 
thiocarbimide ; also, with evolution of H2S, by 
heating ethylamine ethyl-thio-carbamate with 
alcohol at 115° (Hofmann), Crystals, sol. alco- 
hoi, m. sol. water. Its solution in aqueous HCl 
gives a yellow crystalline pp. with PtCl^. By 
PjOj or dry HCl it is resolved into ethylamine 
and ethyl thiocarbimide. It is not decomposed 
in aqueous or alcoholic solution by PbO, but 
recently ppd. HgO converts it into CO(NHRt)j 
[107°]. HgO in presence of ethylamine forms 
tri-ethyl-guanidine. 

Tri-ethyl-thiourea NHEt.CS.NEt3. [26°]. 
(205° uncor.). Prepared by the action of ethyl- 
thiocarbimide on diethylaminJ (Grodzki, B. 14, 
2755). Colourless crystals. Sol. alcohol and 
ether, nearly insol. water. Alkaline reaction. 
Potash-fusion gives NHjEt and NHEt2. P*0, 
gives ethyl thio-carbimide. 

Tetra-ethyl-thiourea CS(NEt2)2. (216° tin- 
cor.). S.G. 15 .9345 (Grodzki, B. 14, 2767). 
OblourlesB liquid. Sol. alcohol and ether, insol. 
water. Strong base qf alkaline reaction.^ Very 
stable. Prepared by ethylation of tri-etbyf- 
thiourea. 

ETHYL TITANitflE Et 4 Ti 04 . By the action 
of TiOl. (1 mol.) on alcohol ,(4 mols.) there is 
formed TiOl2[OEt)2EtOH [106 ’-110°] whence 
NaOEt gives Ti(OEt)4 (Deinar(?ay, C. B. 80, 61). 

Trichloride EtOTiOl,. [78°]. (187° cor.). 
From TiCl4 and ether (Bedson, A. 180, 236). 

o-ETHYL-TOLUENE 0,H,3 i.e. 
0,H4(0H,)(02 Hj) [1:2]. Methyl-ethyUbenzeni 
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Mol. w. 120. (168® oncor.). S.G. w -STSl. 
Liquid at - 17°. Obtained by the action o£ 
sodium upon a mixture of o-bromo-toluene and 
ethyl bromide. By dilute HNO, it is oxidised 
to o-toluio acid, and by EMn04 to terephthalio 
acid (?) (Claus a. Mann, B. 18, 1121). 

m-Ethyl'toluene OaH4MeEt [1:3]. fl69°). 

S.G. ^ *869. Formed by *boiling an etnereal 
solution of EtBr and tn*bromo-toluene with 
sodium for two days /Wroblewsky, A. 192, 198), 
Formed also by distilling abietio acid with zinc- 
dust (Ciamician, B. 11, 270). By oxidation with 
CrO, it yields isophthalio acid. HjSO^ forms 
two sulphonio acids ; the Ba salt of one of these 
BaAjOaq forms large crystals, si. sol. water; 
that of ^e other forms small!, prisms, v. sol. 

Dihydride’^ C,H,4. (164°). Occurs in 
animal oil (Weidel a. Ciamician, B. 13, 72). 
Gives isophthalio acid on oxidation. 

Sulphonic acids OgHsMeEttSOaH. — 
BaA'a 6aq.— BaA'a 3aq. 

j).Ethyl-toluone CaH^MeEt [1:4]. (161-9°- 
162-1°) at 766-3 mm. S.G. 1^- -8694 (Schiff); 
“j°*864 (A.). V.D. 4-11 (calc. 4-14). S.V. 161-9 
(Schiff, A. 220, 93). Formed by treating 
p-bromo-toluene with ethyl bromide and sodium 
(Glinzer a. Fittig, A» 136, 303 ; Jannasch a. 
Dieckmann, B. 7, 1613). Formed also from 
ethylidene chloride, toluene, and AlaCl, 
(Anschutz, A. 236, 314). Converted by KjCrjO, 
and H2SO4 into p-toluic and terephthalic acids. 
References. — Bbomo-, Culobo-, and Nitro- 

ETHYL-TOLUENE. 

Dl-ethyl-toluene OjEaMeEta [1:3:5]. (199°). 
S.G. ^ *879. From acetone, methyl ethyl 
ketone, and H2SO4 (Jacobsen, B. 7, 1434). HNOf 
oxi^sofit to uvitic acid. 

Isomeride v. Amyl-be.nzbne. 
ETHYL-o-TOLUIDINE CaH„N i.e. 
CaH4(CH,).NHEt. (214°) (K. a. S.) ; (206°) (N.). 
S.G. -9534. Prepared by heating o-toluidine 
hydrobromide (or kydroiodide) with 1 mol. 

( + 6 p.o. excess) of ethyl alcohol at 150° for 
8 hours ; the yield is 54 p.c. of the theoretical. 

Acetyl derivative C,H4(CHs).NAcEt. 
(266°) (Iteinhardt a. Staedel, B. 16, 29 ; Norton, 
Am. 7,118). 

Nitfosamine C 4 H 4 Me.NEt. NO. Oil; 

volatile with steam. 

Ethyl-^)-toluidiiie 04H4Me.NHEt[l:4]. (217°). 
S.G. 1^1 -9391. From p-toluidine and EtI by 
heating for 2 days at 100° (Morley a. Abel, G. J. 
7,68). Oil. Itssulpbate and oxalate are 
crystalline.— B'jH^tOL : pale-yellow crystals, 
sol. water and alcohol, si. sol. ether; decomposed 
at 100°. 

Di-ethyl-o-tolttidine C4H4{CH,).NEV (208°)r 
at 766 mm. ; (210° i. V.) (^ .). Formed by heat- 
ing ethyl-o-toluidine with excess of EtI at 100° ; 
the yield being 70 p.c. (Norton, Am, 7, 119). 
Prepared by heating o-tolui(ime hydrobromide, 
(or hydroiodidej witji 2 mols. ( + 6 p.c. excess) 
of ethyl alcohol at 160° for 8 hours ; the yield is 
90 p.c. of the theoretical (Reinhardt a. Staedel, 

B. 16, 29). Oil. Fuming nitric acid yields 

C, H,Me(N03).4N(NOj)Et [72°] (Van Romburgh, 
B. T. C. 8, 402). 

Sali-B'HIaq: [78°]; prisms. 


Di-ethyl-p-toluidine C4H4(CH,).NEtj [1:4]. 
(328°). S.G. “!? -9242. Formed by heating 
ethyl-|>-toluidine with EtI (Morley a. Abel). 
Prepared by heating jp-toluidine hydrobromide 
(or hydroiodide) with 2 mols. ( + 6 p.o. excess) 
of ethyl alcohol at 160° for 8 hours ; the yield 
is 95 p.o. of the theoretical (Reinhardt a. Staedel, 

B. 16, 29). Oil. Nitric acid (S.G. 1-6) yields 

C4H,Me(NOj).NEt(NO,) (Van Romburgh, B. T.O. 
8, 408). Diazo-benzene chloride gives 

CgHj.Nj.NJUt.OjH^Me [38°] ; diazo-m-nitro-benz- 
ene chloride reacts with formation of 
[3:1] C4H4(NO,).N,,.NEtC,.H4Me [66°] ; while 
diazo-p-nitro-benzene chloride gives rise to 
[4:1] C,H4(N02):N.,.NEt.C4H,Me [114°] (Noelting 
a. Binder, Bl. [2] 49, 81).— B'.,H.,PtCl, : rhombo- 
hedra (Soiling, P. P! 8, 190).-B'HClHgC4iaq : 
triclinio crystals. -B'llBr : monoclinic crystals. 
— B'HI : crystalline. — B'lINO, : monoclinio 
crystals. 

Ethylo-iodide OeH4Me.NEtsI. Heavy 
oil. Decomposed by moist Ag^O it gives the 
strongly alkaline C4H4Me.NEtjOH, whence 
(C4H,MeNEt3Cl).^PtCl4 which crystallises from 
hot water in slender needles (Morley a. Abel). 
ETHYL-DI-TOLYI-AMINE v. Di-tolyl- 

ETUYL-AMINE. 

ETHYL-TOLYLENE-DIAMINE v. Tolylems. 

ETHYL-DIAMINE. 

ETHYL-TOLYl- v. Tolyl-ethyl-. 
ETHYL-TROPIC ACID v. xnopio acid under 

O-OXY-a-PHENYL-PROPIONIO ACID. 

ETHYL-TJLTRAMARINE. Prepared by heat- 
ing in sealed tubes silver ultramarine and ethyl 
iodide, to the solid residue a further quantity of 
tiio iodide is added and the process repeated until 
all the silver is removed. A grey 'substance, 
evolving ethyl sulphide when heated to 100°. 
With sodium chloride it forms ordinary sodium 
ultramarine and ethyl chloride (De Fororand, 
A, Ch. [5] 17, 664 ; 0. R. 88, 30). 

DI-ETHYL-UMBELLIC ACID v. Umbellio 

ACID. 

ETHYL-URAMIDO-BENZOIC ACID 

C, „H„N.O, i.e. NHEt.CO.Nn.C^H^.COaEt. From 

cyanic ether and wi-amido-bonzoio acid in alco- 
holic solution (Griess, J.pr. [2] 6, 454). Slender 
needles. V. si. sol. boiling water, v. e. sol. boil- 
ing alcohol. Acid in reaction. —BaA',3aq ; 
minute needles.— Ag A' : laminas. , 

Reference. — Amido-ethyl-dramido-benzoio 

ACID. 

ETHYL-DBEA OjHhN.O i.e. CO(NHj)(NHEt). 
Mol. w. 88. [92°]. S.G. iS 1.213. 

Eormation.—l. By the union of cyanic ether 
with ammonia (Wurtz, C. R. 32, 414). — 2. By 
the union of cthylamine with cyanio acid 
(Leuckart, J. pr. [2] 2L, 10). 

Properties. deliquescent prisms (from 

alcohol) ; excessively sol. water, alcohol, chloro- 
form, USj, and boiling benzene. Insol. ether. 
At 200° it decomposes with evolution of NH, and 
a little NH^Et, leaving a residue containing di- 
ethyl cyanurate (Wurtz, Rip. Ohim. Pure, 1862, 
199). 

Reactums.—h Nitrous acid forms alcohol, ni- 
trogen, and COj. NaOH acts in like manner.— 
2. A boiling aqueous solution dissolves merino 
oxide, and on cooling deposits crystals containing 
63-6 p.c. of mercury (L.).— 8. Evaporation with 
, AgNO, forms silver cyanate. — 4. Aniline at 160° 
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forma di-phenyl-urea, NH,Et, and NH, (Ii.).— 

S. Alooholio EOH at 100*^ gives potaesiam 
syanate and ethylamine (Haller, Bl. [ 2 ] 45 , 
706). 

Salts. — B'HNOi: rosettes of thick prisma 
Melts below 60° and then decomposes. V. sol. , 
cold water and alcohol. — B'HCl. Got by passing 
HCl over the base at 100°. At 160° it gives off 
ethylamine.— B'jHoCjO, : [c. 60°]; rectangular 
plates, V. sol. water and alcohol. 

derivative CONoHjEtAci [c 120°]. 
From ethyl-urea and ClAc. Stout prisms (from 
ether). Readily sol. water, alcohol, and ether. 
Sublimes in long needles. Boiled with KOH 
it forms potassio carbonate and acetate, NH„ and 
NEtHa. 

Propionyl derivative 
CO(NHEt)(NH.COEt). [100°]. Fine needles. 
Sol. water, alcohol, and ether. Formed from 
propionamide, Br, and NaOHAq (Hofmann, B. 
16, 764). 

8-Benzoyl derivative CO(NHEt)(NHBz). 
[168°] (L.); [192°] (M.). From ethyl-urea and 
BzCl at 130° (licuckart, /. pr. [2] 21, 33). Also 
from the benzoyl derivative of ethyl-thio-urea by 
treatment with ppd. HgO (Miquol, A. Gh. [5j 
11, 318). Needles (from water). V. sol. alcohol, 
etW, and hot water. 

u-Benzoyl derivative NHj-CO.NEtBz. 
From EtS.CO.NEtBz and cold alcoholic NH, 
(LQasner, J. pr. [2] 10, 251). Rhomliohedra 
(from dilute alcohol). V. e. sol. absolute alco- 
hol, m. sol. ether, v. si. sol. water. 

s-Di-ethyl-urea CO(NHEt),. Mol. w. 116. 
[106°] (L. a. H.) ; [109°-112*6°J (W.). (263° 

cor.). ’ 

Formation.— 1, From ethylamine and cyanic 
ether. Hence formed also by the action of water on 
cyanic other (Wurtz, C. R. 32, 414).— 2. Formed, 
together with cyanic ether, by the distillation 
of tri-ethyl-biurot (Lirapricht a. Habich, A. 109, 
106). 

Properties.— Silky flexible needles (from alco- 
hol). V. sol. water, alcohol, and ether. 

Rcactions.~l. Gives off ethylamine when 
boiled with potash.— 2. Heated in sealed tubes 
at 100° with alcoholic KOH it gives potassium 
oyanate and diethylamino (Haller, Bl. [2] 45, 
706). , 

Salts. — B'HNO,: very acid deliquescent 
prisms. 

Nitrosamine NHEt.CO.NEt.NO. [5°]. 
Formed by heating di-ethyl-urea with nitrous 
acid (Von Zotta, A. 179, 102 ; E. Fischer, A. 
199, 284 ; B. 9, 111). Tables ; si. sol. water. 
Decomposed by heat, even below 100 ', into nitro- 
gen, ethylene, and cyanio ether. Gives Lieber- 
mann’s reaction with phenol and HjSO,. Re- 
duced by zinc and acetic acid to di-ethyl-semi- 
oarbazide. | 

tt-Di-ethyl-urea CO(NH,)(NEt,). [70°]. From 
diethylamine and cyanic aoid>(Volhard, A. 119, 
860; A. P. N. Franchimont, R. T. G. 2, 122). 
Crystals, very sweet taste. V. sol. ether and 
alcohol. Sol. HNO, with absorption of heat, 
but afterwards a strong reaction sets in, and 
heat is given out ; CO., and a little NjO being 
evolved, the liquid then yielding crystals of 
nitro - di - methyl • amine (di-methyl- nitro-amide) 
(OH,),;N.NO,[67°]. 


Tri-ethyl-nrea CO(NHEt)(NEt 2 ). [63 ]. 
0 . 235°). From cyanic ether and diethylamine ; 
brmed also by treating triethylamine with vapour 
of cyanic acid (Wurtz ; Hofmann, Pr. 11, 278), 
Soft crystals, sol. water, alcohol, and ether. It 
does not appear to combine with acids. Alkalis 
convert it into ethylamine, diethylamine, and 

Tetra-ethyl-nrea CO(NEUy (206°) (M.); 
(210°-216°) (W.). 

Formation. — 1. By passing COCl, into a sol u 
tion of diethylamine in ligroin (Miohler, B. 8, 
1664).— 2. From Cl.OO.NEtj and diethylamine 
(WaUach, A. 214, 275). 

Properties.— Oil. Dissolves in acids, but is 
reppd. by alkalirf 

FTHYL-URETHANE v. Ethyl tuiocaubamio 
Acin. 

ETHYL-VINYL v. Bdtinenb. 

ETHYL-VINYL OXIDE v. Vinyl etuyl 

OXIDK. 

DI-ETHYL-XANTHAMIDE v. Ethyl-di- 

THIO-CABBAMIO ACID. 

i ETHYL-o-XYLENE C^H^Me^t [1:2:4]. Di- 
methyl-ethyl-benzene. (189°). From camphor 
and ZnCl, or iodine (Armstrong a. Miller, C. J, 
45, 148; B. 16, 2258). Also from bromo-o- 
xylene, EtBr, and sodium (Jacobsen, B. 19, 2516). 
Gives on oxidation OgH^Me.^CO.^H. 

Sulphonio acid CjH 2 Me.iEtSOjH. Tables. 
— BaA'24aq. 

Amide C«H^Me,EtSOjNHj. [126°]. Needles 
or prisms (from alcohol). 

Ethyl-jn-xylene C.H.Me^Et [1:3:5]. (187°). 

S.G. ^ *869. From ethylidene chloride, A1;,C1„ 
and xylene (Anschiitz, A. 236, 323). Formed 
also by treating a mixture of acetqne and 
methyl ethyl ketone with H^SO^ (Jacobsen, B. 
7, 1432); and by treating (l,3,5)-bromo-xyiene 
with EtBr and sodium (Wroblowsky, A. 192, 
217). Bromine forms a tribromo- derivative 
[91°]. On oxidation it gives uvitio acid 
C8H,Me(C0,H)j [290°]. , 

Ethyl-w-xylene C,H,Mo,Et [1:3:4]. (184°). 
S.G. -878. From bromo-m-xylene, EtBr, and 
sodium (Fittig a. Ernst, A. 139, 184 ; Z. [2] 1, 
572). Liquid. Gives a tri-nitro- derivativ# 
[119°]. 

Sulphonio acid C,fLMoEt.SO,H. Crys- 
talline mass (J.).— BaA'., 2aq: trimetrio laminss, 
m. sol. cold water.— NaA' 2aq ; minute flat 
prisms, v. e. sol. cold water. ^ 

Amide C,H,Me^t.SOjNH,. [148°]. Needles 
or prisms (from alcohol). 

Ethyl-p-xylene CftHjMejEt [1:4:3], (185°). 
From (3,1.4)-bromo p-xylen 0 , EtBr, and sodium 
(Jacobsen, B. 19, 2516). It gives a tri-nitro- 
derivative [120°]. 

* 5 wiphowic acid CgHjMejEt.SOgH. Large 

trimetrio plates (from dilute H.jSO^).— NaA' aq : 
tables; m. sol. cold water.— BaA',: six-sided 
plates, m. sol. boiling water. 

. Amide OsH,Me^tSO,NH,. [117°]. Pearly 
plates (from very dilute alcohol) ; m. sol. cold 
alcohol. 

Pe/erencc.— T ri-buomo-ethyl-xylene. 
ETHYL-XYLYL v. Xylyl-ethyl. 

ETTIDINE. A name given by Greville 
Williams [Laboratory, 109) to a base Cj»Hi,N 
obtained by distilling quinoline with KOH. 
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EUCALYN [a] = about SO'’. A 

iweet, syrupy substance produced, together with 
;iooose, by boiling melitose sugar 

tt the eucalyptus) with dilute sulphuric acid, and 
►btained, together with alcohol, by feimenting 
nelitose with yeast (Berthelot, A. Oh. [3j 46,72). 
dextro-rotatory, and non-f ennentable. It becomes 
ioloured at 100 ®, and at 200 ® it forms a black 
nsoluble substance. Dilute does not 

effect it. Boiling baryta-water colours it strongly, 
[t reduces Fehling’s solution. 

ETTCALYPTENE, This name was applied 
3 y Cloez (A. 154, 372) to a hydrocarbon C,aHn ? 
166®) ; S.G. U -836 ; V.D. 6'3, obtained by dis- 
klling dhcalyptol with PjOj. The same name 
was applied by Faust a. Hodieyer {B. 7, 63, 
1429), and by Oppenheim a. Plaff, {D. 7, 625) to 
a terpene (172®-176®), V.D. 68-4, said to occur 
in oil of eucalyptus. 


(176®Yv.) (J.).' -923 (J.) ; 2 *940. Oo- 

curs in the oil of Eucalyptus Globulus and is 
isolated from the fraction 170®-180® by conver- 
sion into the hydrochloride (Jahns, B. 17, 2911). 
Optically inactive. Probably identical ^ with 
cineol. Camphor-like smell. Colourless liquid. 
Dry HCl forms the compound (0,oH,80)2HCl 
(Voiry, C. B. 106, 1419). KMnO, oxidises it to 
cineolio acid C,oH,80, [196®] (Wallach, A. 246, 
265). 

EUCALYPTUS MANNA v. Meutosb. 
EUCALYPTUS OIL. The essential oil of 
Eucalyptus Globulus is a pale-yellow, slightly 
dextrorotatory liquid. S.G. •932. At —50® it] 
solidifies, and the crystals tlius formed melt at 
-10®. On distillation the first fractions contain 
wiiter, formic and acetic acids, and butyric and 
valeric anhydrides. At 159® there passes over a 
terpene S.G. *88; [a]D-+40®, which forms a 
hydfochlorideC,oH.,HCl[127®]; [a]„=27i®. The 
fraction 170®-176’ contains eucalyptol which 
constitutes two-thirds of the oil of eucalyptus 
(Voiry, 0. B. 106, 1419 ; cf. Cloez, A. 164, 372). 
According to Faust /i. Homeyer {B. 7, 63, 1429) 
oil of eucalyptus contains two terpeneb (161®) and 
(c. 174®), together with cymene and a camphor- 
like body 0,oH„0. Oppenheim a. Pfaff found in 
Australian eucalyptus oil a terpene (173®) whence 
iodine produces cymene. Wallach found in the 
Australian oil (from E. amygdalina) cineol and 
a IsBVorotatory phellandrene (165®-1«0®). S.G. 
15 -866 (Wallach, A. 246, 265). 

EUCHEOIC ACID v. Di-imide of Mellitio 

ACID. , 

EUGHLOBINE. This name was given by 
Davy to a gas obtained *by the reaction between 
HClAq and KCIO,; it has been proved to be a 
mixture of ClOj and Cl {cf . p. 12). M. M. P. M. 

EUDIOMETEB. a graduated glass vessel used 
in analysis of gases, and in titrimetric analysis 
Tol. i. pp. 237 and 248). c M. M. P. M. 
EUOENOL CjoH^Oj t.e. 

ri-3:4]O.H,(OH)(OMe).CH2.CH;CH2. Mol.w.l64. 

- vT6-4po.6-7). (2i2®)(S.5>.(26n(Wmiamsh 

(262®) (Gladstone)^ (262^ 

* 1-068 (W.) ; ^2 1-066 (G.) ; ^ 1*066 (Church, 
C. J. 28, 113) ; 2 1-079 (Wassermann) ; 1063 

(Wa.) ; ^ 1*070 (Tiemann a. Kraaz, B. 16, 2066). 

Md 1*540. 1*564. ■ n M u 

Occurrence.-ln oil of cloves ; m oU of bay 
(Laufui nohUis ) ; in the oil of cinnamon leaves j 


in oil of pimento ; in oil of Canella alba ; 
and in oil of Iliciumreligiosum {BonMin, A. Oh. 
[1827] 35, 274 ; Dumas, A. Oh. 63, 164 ; A. 9, 
66 ; 27, 161 ; Ettling, A. 9, 68 ; Bdckmann, A. 
27, 155; Greville Williams, Ohem. Qaz. 1868, 
170 ; Cahours, A. Oh. [3] 62, 201 ; Stenhouse, A. 
95, 103; Wahler, A. 47, 236 ; Baeyer, A. 114, 163 ; 
Gladstone, 0. J. 17, 6 ; Oeser, A. 131, 277 ; , 
Eykman, B. T. 0. 4 , 33 ; Erlenmeyer, Z. 1866, 
430 ; Wassermann, A. 179, 366). 

Formation. — By reducing coniferin in weak 
alkaline solution with sodium-amalgam ; coni- 
feryl alcohol being an intermediate product 
(Tiemann, B. 9, 418 ; Chiozza, C. 0. 1888, 443). 

Preparation".— Oil of cloves, obtained by dis- 
tilling cloves with water, contains eugonol and 
a terpene. Aqueous KOH dissolves the eugenol, 
and, on again distilling, only the terpene passes 
over. On acidifying the residue the eugenol is 
liberated. 

Prqpcrfies.— Colourless oil, with spicy odour. 
Reddens litmus. Quickly resinifies when ex- 
posed to air. V. si. sol. water, v. sol. .alcohol, 
ether, and HOAc. Has a burning taste. Does 
not reduce Fehling’s solution. Reduces am- 
moniacal silver nitrate. FeCl, colours its alco- 
holic solution blue. 

Beactiona.—l. Distillation over BaO gives an 
oil (142®) (Calvi, A. 99, 242 ; Church, P. M. [4] 
9, 256).— 2. Distilled with HI it forms Mel and 
a resinous mass having nearly the composition 
C„H,oO.^ (Erlenmeyer, Z. [2] 2, 430).— 3. Pofa^/i- 
fusion gives acetic and protocatechuio acids 
(Hlasiwetz a. Grabowski, A. 139, 95). ---4. P-^Oj 
forms a resin, intermediate in composition be- 
tween OjoHuO, and C,oH,,08, which on distilla- 
tion yields a phenol which is coloured green by 
FeCl, (Hlasiwetz a. Barth, Z. [2] 2, 83).— 6. 
PCI, forms HCl, MeCl, an oily anhydride (?) 
(C,„H,,0).,0,and an amorphous yellow compound 
0 „H, 3 P 04 ; insol. ether (Oeser, A. 131, 277).- 
6. Brcmine forms di-bromo-eugenol di-bromide 
Iq.v.), Acetyl-di-bromo-eugenol crystallises from 
ether in hexagonal prisms [66®] (Boyon, B. 21, 
1393). The acetyl and benzoyl derivatives of 
di-bromo-eugenol dibromido melt at [91°] and 
[113®] respectively.— 7. KMnO, oxidises it to 
vanillin, the methyl derivative of protocatechuio 
aldehyde. — 8. Vapour of cyanic acid passed 
into eugenol forms the crystalline allophanate 
C.H,(OMe)(C,H,).O.CO.NH.CO.NH, (Baeyer, A. 
114, 163).— 9. Phenyl cyanate at 100® forms 
C«H,(C,H,)(OMe).O.CO.NHPh [96"] (Snape, B. 
18, 2432 ; 0. J. 47, 777).- 10. Ohloro-acetic acid 
acti.ig on sodium-eugenol forms the acid 
C„H,(OMe)(C,H,).O.CH,.CO,H [81®], which 
crystallises from hot water in long needles, so., 
aqueous Na,CO,. Its^ sodium salt NaAlj aq is 
V. sol. cold water (Saarbach, J.pr. [2] 21, 161).-— 
1 1 . Acetochlorhyd^se converts potassium eugenol 
into the gluooside C,H,( 0 . 0 ,H,, 04 )( 0 Me) 0 ,H, 
[132®]. This crystallises in needles, sol. hot al- 
cohol, hot benzele, and hot water (Michael, Am. 

6, 340). . „ « rr .X 

Metallic derivatives NaO|,H|, 03 |. 

: laminB, iL 

‘"’^'Afetylftrivalivt O.H,(OAo)(OMe).O.Hj. 
[31®] (270®). Prepared by boiling eugenol with 
Ao,0 for three honte. Or/»t»l« : j. »ol. aloohol 
and ether, iofol. water and cold dilnte alkaiii. 
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Cone. H,S04 dissolves it with deep-red colour. 1 
KMnO. oxidises it to acetyl vanillio acid 0,oH,#05 
and its homologue OjiHuOj (Tiemann a. Nagai, 

B. 10 , 202 ). 

Carbonyl derivative 
.(0.H.{0Me)(03H,).0)jC0. [93®]. Prom sodium 
eugenol and COClj (Lowenberg, 0. C. 1886,390; 

C. J. 60, 789). 

«' Benzoyl derivative . 

OA(OBz)(OMe)(CsHB) : [70®]; monoaymmetri- 
oal crystals ; si. sol. cold alcohol, insol. water 
(Tiemann a. Kraaz, B. 16, 2067). ^ ’ 

V’Methoxy-bemoyl derivatxve 
C.H,(0.C0.C8H40Me)(0Me)C3Hj. From eugenol 
and anisyl chloride (Cahours, A. Clj>. [3] 62,189). 
Crystalline. . 

Methyl ether t.e. . , , i 

C3H3(OMo)2.C3H3. ( 246®). Obtained from 

C3H3 ONa){OMe).CaH3 and Mel ».Borg- 

mann, A. 168, 282; Matsmoto, B. H. 123). 
Oxidised by K^CrjO, in HO Ac to G3H3(OMe)3CO,H. 
KMnO^ gives an acid CjoHiaOs tl^^ • 
gives C«H2Br(OMe),.CH3.CHBr.CH2Br [78 ], 
which, in alcoholic solution, is converted by zmo- 
dust into liquid C«HHr(OMe)3.C3H,. A mercury 

salt Hg(CnH,,OJ,.[140p is formed as a by-pr^ 

duct in the formation of GoH2{OMe)2{0,H3)C04l 
by treating C.H JSr{OMe),CO,H with ClCO.^t and 
godium-amalgam (Wassermann.O. H. 88, 1206). 
Ethyl ether C.jH.^O, i.e. „ 1 ooc . 

A 179 366). Oil. Gives on oxidation 

0*H,(OEt)(OMo).CO^. When distilled it partly 
polymerises, iorming crystalline laraime (from 
alcohol) [126^. Bromine forms C,.,n,.Br303 
[80®!, whence zinc and alcohol remove bromine, 
leaving C^H^BrO^ [48®], a product which is not 

acted on by AgOAc. /AP.\/nAf«iP TT 

Brovyl-ether CgHilOPr) (OMe) Cjlis. 

[‘264®! S.G. ^ 1*002, From eugenol (100 pts.), 
propyl iodide (100 pts.), and KOH (35 pts.) dis- 
Lked in alootlol. S? ?0 Y/' 

<%UtS.“So.wocuW 

(273°) S G '086. Oxidised by KMnO^ to 
(284®) S G *976. KMnO^ at 80® forms 

ether O.H,{OC,H )(OMe) C,H 
/« oanoi^ S Q i?- 1*018. From allyl iodide and 
iotfs^m eugenol. Apoljlneride (284»-200«) 

is formed at the same time. wQMe! c H 

Benzyl ether 0jH.,(0C^H7)(UMe).u,ii4. 

PartiaUy decomposed c H 1 

Ethylene ether0^U,{O.O,B^Ue)X,,a,),. 
[89®!. Formed by heating eugftiol, ethylene 
bromide, and alcoholic KOH m a sealed tube 
h-«hm,ra O B 84,167,1195). Micaoeoua plates; 

!nBSe?‘audcoldakohol.'sol.hot alcohol and 

ether. KMnO. oxidiaea it to 

C3H,(O.O.H,(OMo).CO,H)r 
Trimethvlene ether 

C.H7o.51^(OMe).O.H,), [83^- Fr^m 


CH3r.CH.i.Cn3Br, potasiipm-eugenol, and a 
little alcohol at 100°. Satiny crystals (from 
ether) or prisms (from alcohol). KMn04 givei 

03H4(0.C3H3(0Me).C03H)3. 

Propylene ether 

C3H3(O.C.H3(OMe).C3Hj3. [c. 68®]. 

Krepared as above, using propylene bromiae 
CHj.CHBr.CHaBr (Cahours). Needles (from 

References. — Bromo-euoenol and witro- 
eugenop. __ V 

iBO-eugenol C^H ,(OH) (OMe) (CHiCH.CHa) 
[4:3:1]. (c. 260°). V.D. (H = l) 82-66 (obs.). 

S.G. 1*08. Formed by splitting off COo frona 
homoferulic acid by heating to o. 260® o;[ ^0 
(Tiemann a. Kraaz, D. 16, 2064). Gil. Bis- 
solves in H^SO, to a red solution. Fe,Cl„ pro- 
duces a light-green colouration, turned violet by 
NH3. 

Benzoyl derivative 

C4H3(OBz)(OMo)(C3H3). (160®). 

EUGETIC ACID C,,H,20, i.e. 
C.H,(OMe)(OH)(C,H.)(CO,H) [3:4:1:5]. [124»]. 
Formed by dissolving sodium in eugenol and 
passing COj over the resulting sodium eugenol 
(Scbeuch, A. 125, 14). Long colourless prisms 
(from hot water); si. sol. cold water, v. sol. alco- 
hol and ether. Its aqueous solution is coloured 
blue by FeCh. The acid is resolved by heat into 
CO2 and eugenol. 

Methyl derivative 

C3H2(0Me)3(C3m.C02H. [180®]. Formed by 

saponifying its ether, which is produced by treat- 
ing the methyl derivative of bromo-eugenol with 
ClGOoEt and sodium-amalgam (Wassermann, 

C H 88, 1206). Elat yellow needles; si. sol. 
water, v. sol. alcohol and ether. Gives on oxi- 
dation by KMnO, an acid [1G3®]. , 

EULYSIN C2,H3„03. Asubstance which may 
be extracted along with cerism and decacrylio 
acid from cork by boiling with alcohol. ^ ^ v. 
sol alcohol, but insol. water (Siewert, Z, 1868, 

'^^’^EULYTE C„li.,N,0,. [99-5® cor.]. S. *01 at 
10®. Formed, together with dyslyte, by treating 
citraconic acid with strong nitric acid (Baup, 4. 
81, 96; Bassett, G. J. 25, 98). Eu yte is the 
more soluble, it crystallises from oyorojorm in 
large dimctric crystals. Heated with alcoholio 
KOH it forms KNO^ and a brown resin solub 0 
in alkalis. Tin and HGl give NH, and a volatile 
base sniolling like picoline. ^ 

EUONYMIN. a bitter resirj obtained from 
the oil of the spindle-tree, Kuonyvw^ 

(Riederer, Bep 14, 1; Grundner, Bi^h. 

to 97, 316). Insol. waler, sol. alcohol and 
ether, separating from the latter in warty crys- 

^’^^he same name is given 
leap. 442; C. J. 60, 72) to a gHicoside which 
be extracted by dilute ale ho 
the rinds of Enonymns^atroptirpumis. It may 

EUPHOBBim resin consistmg of the 
coftcrete juice of several 

growing in hot climates. Cold alcohol extra^s, 
looording to Johnston * X' 

Lh-red resin C^H^oO,,. irsol. alkalis, but dis^ 
solving with red colour m cone. H.4SO4. Boiling 
LoZol ritraots from tho tesidue 
0,^„O„ which separates m mdisUnot orysUls 
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(H. Bose, P. 38, 88; 53, 365; Fltickiger, 
'1868, 809). According to Henke {Ar. Pk. [3] 24, 
729) euphorbium contains, besides euphorbone, 
two resins, one soluble in ether, the other not. 

ETIPHOBBONE Cj„H„0. [63°]. [<x]„ = 15-9°. 
S. *01 (hot). Extracted from euphorbium by 
light petroleum hi 70° and crystallised from al- 
cohol-ether (Henke, Ar^ Ph. [3] 24, 729 ; cf. 
Fliickiger, Z. [2] 4, 221). Brilliant crystals, 
persistent in the air, tasteless, and neutral in 
solution. V. sol. light petroleum, chloroform, 
ether, alcohol, benzene, and acetone. Not af- 
fected by dilute acids, alkalis, or Ao^O. Heating 
with P^Oj gives heptane, octane, and xylene. 
According to Hesse (A. 192, 193) euphorbone is 
C.iHj^O [114°], [a]B = 18-8°gat 15° (in chloro- 
form); or 11-7° (in ether). 

^UPITTONIC ACID C.JL,Or [about 200°]. 
Occurs amongst the products of oxidation of 
wood-tar oil (Liebermann, B. 9, 334; Gratzel, 
J5. 11, 2085). Prepared by heating the dimethyl 
ether of pyrogallol with CjCl^ and alcoholic KOH 
(Hofmann, B. 11, 1455). Formed also by heating 
a mixture of the di-methyl ethers of pyrogallol 
(C^j(OMe)20H) and of methyl-pyrogallol 
(Me.O,Hj(OMe),OH) with NaOH at 210°, hy- 
drogen being liberated (Hofmann, P. 12, 1377). 
Long fine orange needles. Difficultly soluble in 
boiling alcohol, easily in acetic acid. Alkaline 
solutions are deep blue. By an excess of alkali 
blue salts are precipitated. HCl at 100° gives 
pyrogallol and MeCl. Alcoholic NH, at 170° 
gives crystalline CasHuNjO,. Water (2 pts.) at 
265° gives C,H,(OMe)20H and a crystalline body. 

Salts. — Na^CjjHj^OgXaq : prisma. — 

BaCjjHj^Ogjraq: needles. 

Di^acetyl derivative C25H2,0,(OAc)2; 
[265°] ; yellow needles. 

Di-bemoyl derivative C2,,IL,0,(0I5z)2: 
[232°] ; small yellow needles. Insol. alcohol, 
sol. chloroform. 

Methyl ether C2A..O;(OMe)2 : [242°]; 
yellow needles. 

Ethyl ciA«r0j5H2402(0Et)2: [242°] ; yellow 
needles. * 

Periodide CijH^jOgl^: brown glistening 
prisms (Hofmann, B. 12, 2216). 

EVBH0D1NE8 is the name given by Witt to a 
class of red colouring matters which have the 
constitution of amido-quinoxalines. These bodies 
are produced : (1) By the action of a tri-amine 
(amido-o-diamine) upon a quinone or di-ketone. 
(2) By heating an o-amido-azo- compound with 
(o)-naphthylamine hydrochloride. Quite recently 
(J5. 21, 2418) Witt has proposed to extend the 
meaning of the term eurhodine so as to include 
all poly-amido-derivatives of azines. 

The eurhodine from o-amido-azo-toluene and 
(a)-naphthylamine has the constitution : 

X(NH2):CH 


-N 


'Xh.(ch,) 

(amido-naphthylene-toU^mnoxalin or amidO’ 
tolu-naphthazitie). This compound crystallises 
from aniHne or phenol in dark orange needles, 
atoost insol. alcohol and ether. It may be sub- 
limed Its hydrochloride 0|,H|,N,HClaq 


forms garnet-coloured needles. Oonc. H,SO, 
dissolves it with intense red colour turned green 
and then scarlet on gradual dilution. It dyes 
silk scarlet in an acid bath. The tartrate dyes 
cotton mordanted with Turkey-red oil a colour 
similar to Turkey-red (Witt, C. J. 49, 891 ; B. 
18, 1119; 19, 914) ; ethyl nitrite decomposes the 
eurhodine in alcoholic solution, one product 
being lemon-yellow needles 0„H„NaO Ae. 
0„H„EtNaO [175°]. 

The eurhodine from (/3)-uaphthyIamlne is 
formed’ on adding quinone dichlorimide to (0)- 
naphthyiamine dissolved in alcohol the solution 
becoming red and, on adding water, a eurhodine 
GioHs.Nj.CgFsNHj (or, more probably, 
CioHJNH^J.Nj.OgH,) separates. This crystallises 
from benzene in dark yellow needles, m. sol. 
alcohol and benzene, v. sol. aniline. Its alcoholic 
solution is converted by nitrous acid into naphtho- 
phenazine (Nietzki a. Otto, B. 21, 1598). 

A di-methyl ated eurhodine 
CjoHj.NyCjHjNMea [2 [205°] is formed by 

heating nitroso-di-methyl-aniline hydrochloride 
(3 mols.) with a solution of (i8)-naphthylamine 
(2 mols.) in IIOAc (Witt, B. 21, 719). 

EUXANTHIC ACID Oi^H.aO.o. Purreic acid. 
The magnesium salt constitutes the essential 
part of Purree or Indian yellow, said to be ob- 
tained by evaporating the urine of cows fed on 
mangoes (Stenhouse, A, 51, 423; Erdmann, 
J. pr. 33, 190 ; 37, 385 ; Baeyer, A. 155, 257). 
Purree is boiled with water and the residue ex- 
tracted with dilute HCl ; on cooling the euxanthio 
acid separates in stellate groups of needles. 
Euxanthic acid is also excreted in small quan- 
tity by a rabbit after taking euxanthono (Kos- 
tanecki, B. 19, 2919). 

Propsr^rcs.— Pale-yellow needles, containing 
aq when crystallised from alcohol, but 3aq when 
ppd. by HCl from its ammoniacal solution. It 
has a sweet taste and a bitter aftertaste. It is 
si. sol. cold water, v. sol. boiling alcohol, m. sol. 
ether. Alkalis colour its solution deep-yellow. 
When cautiously heated at 170° it gives off water 
and CO2, leaving a yellow sublimate of euxan- 
thone. Alcohol and HCl also give euxanthone. 
HNOj gives tri-nitro-euxanthone and tri-nitro- 
resorcin. By heating with dilute H2SO4 (2 p.c.) 
at 140° it is split up into euxanthone and glycu- 
ronic acid (Spiegel, B. 15, 1965). 

Salts.— The euxanthates of the alkalis are 
V. e. sol. water, but are ppd. by excess of alka- 
line carbonate. The euxanthates of Ba, Ca, and 
Mg are si. sol. cold, v. sol. hot, water. The basic 
lig salt which occurs in purree is insol. water.-— 
NH^HA'^aq; light-yellow needles.— KHA" aq.— 
MgA" 9aq? : occurs in purree. — PbHjA",.— PbA". 

Di-bromo-euxafithic acidCitPi^BrjO,,. Minute 
golden-yellow needles (containing aq). 

Di-chloro-enxantbio aoid CigHiiCljO,,. 
Formed by passing Cl into water in which 
euxanthic acid is suspended. Golden scales ; 
insol. water, V. sol. boiling alcohol. Its salts are 
mostly gelatinous. 

Nitro-duxanthio acid C,gHn(N02)0,o. From 
the aoid and cold EtNO, (S.G, 1*31). Straw- 
coloured lamina (from alcohol). 

EUXANTHONE 0„HsO, i.e. 

probably 
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^ [282°]. V.D.8-0(oalo.7-9). A 

product of the decomposition of euxanthio acid 
(Stenhouse, A, 61,425; Erdmann, A. 52,365; 
60, 239 ; Schmidt, A. 93, 88 ; Graebe, B. 16, 
864). It ia produced by heating the acid or its 
Ba or Pb salt ; by treating the dry add with cone. 
’HjSO, ; or by treating its alcoholic solution with 
HCl. Pale-yellow needles or laminea (from 
alcohol) ; v. al. sol. water, v. sol. ether, al. sol. 
alcohol (KUlz, Z. B. 23, 476). It may be sub- 
limed. It ia neutral in reaction, dissolves in 
alkalis, but not in dilute acids. The alcoholic 
solution is ppd. by lead subacetate, but not by lead 
acetate, baryta, or lime. FeClj gives a green 
colour. Does not react with hydroxylamine or 
with phenyl-hydrazine (SpiegW, B. 17, 808). 

Beactions. —l. Nitric acid forma tri-nitro- 
euxanthone and tri-nitro-iesorcin.— 2. Passing 

over heated zinc-dust forms and 

other products.— 3. Potash-fusion gives hydro- 
(luinone and euxanthonio acid (Baeyer, Z. [2] 6, 
609). — 4. Sodium-amalgam gives a colourless 
compound which turns violet-black in the air 
(Wichelhaus a. Salzmann, B. 10, 1398). 

Salts. — A"Mg: insol. water, nearly insol. 
alcohol. 

Methyl ether [130°]; yellow needles 

or prisms, sol. alcohol and ether (Graebe a. 
Ebrard, B. 15, 1675). 

Ethyl ether A^Et^ : [12G°] ; long colourless 
or yellow prisms, sol. alcohol and ether. 

Acetyl derivative 0,sH(,ACa04: [185°]; 
yellowish prisma (from benzene); sol. alcohol, 
si. sol. ether. 

Benzoyl derivative: [214°]; yellow crys- 
stals, sol. aniline, insol. alcohol, ether, benzene, 
&c. 

Constitution.— Euxanthone is clearly a 
di-oxy- derivative of the so-called di-phenylcno 
ketone oxide, but as this substance does not 
react with hydroxylamino, Spiegler suggests that ! 

0,H,.0 j 

it should be represented by the formula I I 

0,H«.CO 

rather than 

Di-chloro-euxanthoue OjsHgCl^Oi. From di- 
chloro-eufanthic acid by dissolving in cone. 
HjjSOg and ppg. by water (Erdmann, J, pr. 37, 
397). Yellow powder. 

Tri-nitro-euxanthone 0„H5(N02)304. From 
euxanthone and HNOj. Minute yellow needles. 
Further treatment with HNO, gives tri-nitro- 
resorcin. NH, forms reddish-black grains of 
C»H4(NH4)(N02),0, 

C„H3(On).CO 

Iso-euxanthone I I . Lactone of 

OgH,(OH).0 

tri-oxy-diphenic acid. [243°]. Obtained by 
heating di-oxy-benzoic acid (/S-lfesorcylio acid) 
with acetic anhydride ; the yield ia about 4 p.c. 
(Bistrzyeki a. Kostaneoki, B. 18, 1986). Small 
needles. V. sol. alcohd, ether, and aqueous al- 
kalis forming yellow solutions, insol. water.^ Sub- 
limes in long yellow needles. Fe.^Ol, gives a 
greyish-green colour. The alcoholic solution 
givfp a yellow pp. with MgSO*. Treated with 
VoL. U. 


0,H,(0H)-0 

(!}JE[JOH]-.(!h 


sodium-amalgam and water it dissolves with a 
blood-red colour, 

EUXANTHONIO ACID 0„H,oO. i.e. 
g i]OA(OH),CO.C.H,(OH){l 1], Titra-oxy. 
benzophenone (?). Formed from euxanthone by 
potash-fusion (Baeyer, A. 166, 259). Yellow 
needles (from water). Forms a reddish-yellow 
pp. OijHjPhPj with basic lead acetate. Its so- 
lution in potash rapidly oxidises in the air, be- 
coming dark. FeCl, colours it red. Resolved by 
heat into water and euxanthone, which sublimes. 
Boiling aqueous NH, also forms euxanthone. 
Potash-fusion converts it into hydroquinone 
(Graebe a. Feer, B. 19, 2607). 

EVERNIC ACID [164°]. Obtained, 

together with usijiic acid, by macerating the 
lichen Evemia prunastri with milk of lime and 
ppg. the filtrate with HCl ; it is extracted from 
the dried pp. with boiling alcohol and ppd. by 
water (Stenhouse, A. 68, 83; Pr. 18, 222). 
Groups of 'small needles (from alcohol). Insol. 
cold water, v. sol. cold alcohol and ether. It 
does not decompose solutions of NaHCO, in the 
cold; its Ca salt is decomposed by CO3. De- 
composed by boiling with water or baryta-water 
into CO2, orcin, and everninic acid. 

Salts. — BaA'^aq; small prisms, si. sol. cold 
water, v. sol. dilute alcohol.— KA' : silky crystals, 
si. sol. cold water, v. sol. dilute alcohol and 
aqueous KOH. 

Tetra-bromo-evernic acid CuHi^BrjOj. [161®], 
From dry evernic acid and dry Br. Colourless 
prisms (from alcohol) ; insol. water and CSj, sL 
sol. hot benzene, v. sol. ether. 

EVEBNIIN C.H.A (Stiide, A. 131, 241), A 
substance extracted from Evemia prunastri and 
related to the sugars. The plant is macerated 
with cold dilute soda-ley till the liquid acquires 
a dark-green colour ; the filtrate is mixed with 
alcohol ; and the brown flocks thereby precipi- 
tated are redissolved in water and purified by 
repeated precipitation and boiling with animal 
charcoal. 

Everniln is an amorphous, yellowish, taste- 
less powder, which swells up in cold water and 
dissolves easily in hot water. Its aqueous solu- 
tion gives with lead acetate and ammonia a pp. 
soluble in acetic acid. It is ppd. by a large ex- 
cess of glacial acetic acid. It prevents the ppn. 
of lead by HjS or sulphuric acid, a property 
likewise possessed by glycogen, inulin, liohenin, 
and gum. Everniin is not coloured by iodine. 
Dilute acids easily convert it into glucose, 

A substance closely related to, or perhaps 
identical with, everniin is obtained from Borrera 
ciliaris. 

EVEENINIC ACID G.HioO,. [167®]. Formed 
by decomposing evernic acid with caustic alkalis 
(^enhouse.A. 68, 86 ; Hesse, A. 117, 299). Bestpre- 
pared by boiling evernic acid with baryta water ; 
BaCO, is ppd., and thtffiltrate, treated with HOI, 
gives a pp. of everninic acid. Laminee, sl. sol. 
cold, m. sol. boiling, water, v. e. sol. alcohol and 
ether. FeClj colour^ its solution violet. Cone. 
HNO3 forms evernitio acid 0,HgjN0,),04 or 
CjHANO.jjO,? which forms pale yellow prisms, 
sl. sol. cold, m. sol. boiling water, and forms a 
crystalline potassium salt C,H,K2(NP3),02 j^aq? 
(Hesse). Evernitio acid is perhaps di-nttro- 
everninio acid. Everninic acid differs from ever- 
‘ MM 
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nio acid in not yielding oroin when boiled with 
potash. 

SaUs.>>Ba( 0 ^ 04)3 2aq: long four-sided 
prisms, nearly insol. alcohol.— AgA' ; white pp. 

Ethyl ethtT EtA'. [66®]. From evernio 
ioid by boiling for 9 hours with strong alcohol, 
or with alcohol containing KOH. Long colour- 
less crystals (from alcohol), insol. cold, nearly 
insol. boiling, water, v. sol. alcohol and ether. 
Dissolves in aqueous KOH but not in aqueous 
NH,orK,CO,. 

EXCEEMENT. Berzelius {Lehrbueh [4] 9, 
840) found in human fsaces; water, 76*3 p.c.; 
bile, *9 p.c. *, albumen, *9 p.c. ; soluble organic 
matter, 2’7 p.c.; salts, 1*2 p c. ; insoluble residue 
of digested food, 7 9 p.c. ; insj'lublo organic mat- 
ter (mucus, bile-resins, and (at), 12 p.c. Human 
dxcrement, acidified by HjSO^, jields on distil- 
lation acetic, n- and iso-butyric, valeric and 
caproio acids, phenol, indole, and skatole (from 
(TKards « fasces) (Brieger, J. pr. [2] ITj 124). V. 
also Wehsarg, Untersuchting. der Fences^ Giessen, 
1853; Porter, A. 71, 109 ; Fleitmann, P. 75, 
356; Maroet, T. 1854, 265; 1857, 403; C. 

10, 162 ; Harley, Pr. 7, 122. 

Thenard (C. P. 44, 980) found in fermented 
manure an acid OjoHjoNjOio, which may be ppd. 
from an aqueous extract by HCl. It is a black 
mass, insol. water, v. si. sol. alcohol and ether. 

BXCBETIN CjoHjgO (Hinterberger, A. 166, 
213 ; c/. Marcet, Pr. 9, 308). Obtained by ex- 
hausting fresh excrements with boiling alcohol 
and leaving the solution to stand for a week. A 
black pp. then separates out, containing excretin 
and the salt Cj<jH„jMgNO,,. The filtrate is ppd. 
with milk of lime, and the dried pp. treated with 
a hot mixture of ether and alcohol. On expos- 
ing the solution during a week to a temperature 
below 0°, crude excretin crystallises out in serai- 
globular masses consisting of yellow needles. It 
is purified by crystallising it repeatedly from al- 
cohol, with addition of blood-charcoal, the tem- 
perature being kept below 0°. Bromine converts 
it into di-bromo-excrctin, GjoHjiBrjO, whichsepa- 
rates from a mixthre of ether and alcohol in hard 
brittle crystals grouped in globular masses. A 
crystalline chlorine-compound could not be ob- 
tained. 100 pounds of fresh excrements yielded 
8 grams of pure oxcretin. 

EXPLOSION, If a system is in such a condi- 
tion of physical or chemical equilibrium that a 
variation of that condition involving a transfor- 
mation of energy, and initiated at any one point, 
will spread rapidly through the system of its 
own unaided action and without the supply of 
energy from without, then the system itself is 
said to undergo explosive change, and the 
change itself is called explosion. If the velocity 
of diange is small the explosion becomes a com- 
bustion ; if large, a detonation. 
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From considerations of economy of space the 
following account of the vast mass of \gork which 
has been done in connexion with the theory of 
explosions has been compressed as much as 
possible. 

Explosion of Gases. — First really studied 
by Davy, and leading to the invention of tho 
safety lamp ; afterwards by Bunsen, Horstmann, 
Berthelot, Vieille, Sarrau, Mallard and Le Cha- 
telier, Dixon, Clerk {Gas Engine, Longmans, 
1887), and Von Oettingen and Von Gernet. The 
latter found (TV. 4, 1888) that when a eudiometer 
tube is filled with water-gas (H, -f 0) and explosion 
is induced by an electric spark, the luminosity is 
sufficient to enable a photograph to be obtained 
when the dust of some copper salt is distributed 
in the tube. By an ingenious combination of 
apparatus the flash can be reflected from a rota- 
ting plane mirror, and a real image of the ana- 
lysed phenomena thrown on a sensitised plate 
(Eastman’s negative) contained in a camera. It 
appears from a study of the picture obtained that 
the explosion is really very complex. The photo- 
graphically active illumination does not occur 
th\ ’OOl sec. after the passage of the spark, this 
represents the time required for the copper salt 
dust to become luminous. The explosion, how- 
ever, is shown to *be practically over by this 
time. The photographs show waves of compres- 
sion (indicated by excessive luminosity) to bo 
travelling up and down the tube. There is also 
some indication (not convincing) of successive 
partial explosions taking place at periods of 
about ’0001" to *0002". Bunsen has suggested 
(P. 18671 that the temperature at first attaiqed 
is BO hign as to prevent complete combination, 
or in other words to canse dissociation of steam, 
and that as cooling takes place a number of 
secondary explosions occur until the combina- 
tion beeomes complete. These supposed suo- 
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caslife explosions are indioated bj secondary 
wave<markingB in the photograph. The explo- 
sive velocity appears to be about 2,800 metres 
per second, and the velocity of the pressure 
waves about 600 metres per second. If the tem- 

{ jerature reaches 8000°C., as indioated by Berthe- 
ot, sound would travel through the gas with a 
velocity of 1,150 metres per second; the result 
therefore shows (assuming the reasons given for 
identifying the observed wave with waves of com- 
pression to be valid) either that 3000°Cjis far too 
high a temperature, or that the displacements in 
the wave motion are such that the velocity is 
less than the velocity of sound, which is unlikely. 
Probably the conditions are such* as to preclude 
any comparison with the velocity of sound under 
ordinary conditions ; even su{)posing the adiaba- 
tic condition to be really fulfilled (but from the 
mere fact of the possibility of photographing we 
know this cannot bo the case) there is room for 
great speculation as to the value of y. Again, 
Kundt finds that powder in the tube has con- 
siderable effect even with small disturbances, and 
that in narrow tubes the velocity diminishes 
both with the diameter of the tube and with the 
wave length of sound {v. Rayleigh’s Sounds 
vol. 2, pp, 20-64). Besides all this, the displace- 
ments are probably so large as to render the or- 
dinary equations unavailable. The whole of the 
photographically luminous phenomena are over 
in *004 seconds. These researches, however, 
require confirmation. 

The fftrther stages have been investigated by 
other philosophers. In 1867 Bunsen published 
an account of some experiments he had made 
to determine the maximum pressure due to 
an oxplosioit as well as the velocity with which 
explosion proceeds in gases. By estimating the 
heat produced during any explosion -which may 
be done from thermo-chemical data— and as- 
suming that the specific heat of the products of 
combustion is either constant, or varies in some 
assumed way, it is clear that the maximum 
pressure produced may be calculated by assum- 
ing Boyle’s Law or any modification of it— of 
course on the further assumption that no heat 
is lost from the exploding mixture before the 
maximum pressure is attained. Bunsen found 
that in certain explosive mixtures tested by 
him the theoretical pressure was never even 
approximately attained. The pressure gauge in 
Bunsen’s experiments consisted of a sort of 
safety valve loaded to a known extent. Now it 
is clear, from the study of the equation of motion 
of such a valve, that much will depend on (die 
period during which it is subjected to the high 
pressure ; in fact to get a satisfactory result we 
ought to take into accounV the period of time 
during which the gases are rising to their real 
maximum of pressure. This period was an un- 
known quantity till Sarrau a. Vioille and Ber- 
thelot determined it about twelve years later. 
However, Bunsen concludes from lis experiments 
that the reason for the calculated maximum 
pressure not being attained in his apparatus is 
to be sought in the dissociation or rather post- 
poned combination of the explosive gases. Bun- 
sen also attempted to measure the velocity of 
combination by allowing the mixed gases to 
stream out by a narrow hole, and finding the 
least possible velocity which would prevent ex- 


plosion running back into the reservoir. The 
assumption made is that when the velocity of 
efflux equals or exceeds the velocity of explosive 
propagation the flame will not run back. This 
we know cannot be true because of the conduc- 
tivity of the material through which the jet 
'passes ; and besides this there is the cooling of 
the jet by expansiofl to be considered, tending 
to canse the rate of combination thus obtained 
to refer to gases at an undiscovered temperature. 
For water-gas Bunsen got a velocity of 84 metres 
per second, and for a mixture of equal volumes 
of carbon monoxide and oxygen he obtained the 
rate of one metre per second at atmospheric 
pressure. Mallard and Ije Chatelier (A. M. 8, 
[1871]) show that* for different mixtures the ve- 
locity becomes much smaller if an excess of one 
component is employed, or if an inert gas be 
present ; they also show that much depends on 
the mode of inflammation. With the chemical 
ideas we shall have to deal later on. The real 
measure of the velocity, as well as of the later 
phenomena of combination, we owe to Dixon (T. 
1884, * On Conditions of Chemical Change in 
Gases ’), to Harrau and Vieille, and to Berthelot 
(Berthelot, Traiti sur la force dcs matures ex- 
plosives). The works in question are bajipily 
easily accessible, and therefore a mere summary 
will suffice here: — 

1. The initial velocity of explosion depends 
on the diameter of the tube, on the pressure of 
the gases, on the initial mode of inflammation, 
and on the temperature of the mixture. 

2. If the pressure is not too low and the 
diameter of the tube not too small, the Reaction 
velocity will be accelerated, and will finally rise 
to a certain value which is henceforth pretty 
constant. 

8. This velocity is independent of the nature 
of the material of the tube, and of its length, 
provided thiu is above the ' critical value ’ re- 
quired to enable the so-called explosive wave to 
get established. The same remark applies to 
the diameter of the tube. « 

4. The velocity of the explosive wave does 
not depend on the pressure between the limits 
investigated, nearly to an atmosphere. 

6. The influence of the chemical nature of the 
mixture is diffloult to estimate, because in vary- 
ing the composition, the disengagement of heat, 
and consequently the maximum temperature, 
varies. In fact the velocity approaches the 
velocity of molecular motion* (of translation) 
calculated by Clausius and given by his formula 

V=2D'364^J- 

where T is absolute temperature on the thehno- 
d^amio scale, and p is the density of the gas 
referred to air (it is th« density of the products 
of combustion that should be taken, but as un- 
known dissociation intervenes this is often 
difficult to estimate)# The approximate agree- 
ment of this formula with the^obfrerved velocity 
suggests that very possibljfit may afford a better 
means of measuring the real absolute tempera- 
ture in the explosive wave than the thermo- 
ohemioal data actually employed. For although 
the same uncertainty exists as to the value of 
p we need make no assumption as to the speoiflo 
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heat of the gases at the high temperature 
attained. 

C. The explosive wave may be initiated at 
once by using a suitable detonator of mercury 
fulminate. Berthelot used fulminating electric 
interrupters to obtain registration on his chrono- 
graph. Dixon used similar interrupters without 
the fulminate, and found that Clausius’ formula 
gave good results when the gases were wet. In 
fact the dryness or wetness of the gases is im- 
portant for most mixtures, but not for water-gas. 
Berthelot and Vieille used a falling rod chrono- 
graph, Dixon a myograph. Dixon finds that in 
mixtures of carbon monoxide and oxygen the 
reaction products depend on the velocity of 
explosion, i.e. on the tem^rature obtained; 
carbon may even be deposited at high velocity. 
Similarly Berthelot and Vieille succeeded in 
completely decomposing acetylene into carbon 
and hydrogen by starting the wave with mercury 
fulminate. Finally Sarrau and Vieiile (C. B, 
105, 1222.-4) find that the final equilibrium in 
many exploded gaseous mixtures depends on the 
pressure obtained; which in turn depends on 
the density of charge. Density of charge is 
defined as 

charge in grams 


vol. available for explosion in cubic centimetres. 

The following table will give an idea of the 
results obtained by Messrs. Berthelot and Vieille ; 
the remarks are from Dixon’s paper - 


ICixtore 

Sp. Grav. 
of products 

Theoretical 

temperature 

absolute 

Velocity 

calculated 

Velocity 

found 

Remarks 

H.-j-O 

•622 

6780® 

2831 

2810 

Wet or dry. 

CO-hO 

1*629 

6700® 

1941 

1089 

])rv ; when wet 
agrees better. 

0,H,-H60 

CJI,-h30, 

1-227 

1007® 

2660 

2482 


1-075 

7880® 

2517 

2‘2<>9 


0,N,-f20, 

1 

1-343 

9650® 

_j. 

3490 

2165 

Does not explode 
dry at ordinary 
pressures. 


Mach and Wentzel {W. [1885] 26, 628) have 
investigated the velocity of decomposition of 
silver fulminate piled in a heap in free air. 
This they did by an ingenious method of firing 
two linear parallel heaps of fulminate on, or at 
the edges of, a plate of smoked glass. The heaps 
of fulminate were of equal length and were 
ignited simultaa-cously at opposite ends by the 
discharge of a Leyden jar. On examination, the 
smoked glass showed markings due to the 
motion of the air caused by the explosion. The 
authors pote particularly a line which appears 
to be straight and inclined at an angle to the 
parallel heaps. This is supposed to be the 
line representing the locus of points of 
time with respect to th^ detonating heaps. If 
the velocity of the considerable aerial disturb- 
ance be taken at 400 metres per second, then by 
Huyghens’ principle ^ 

V = .. ^2 — metres per second, 
sin a 

where V is the velocity of ignition sought for. 
An experiment gave V>1,700 metres per second 
and <2,000 metres per second. 

Notes as to cJienvical chaiujes. — Bunsen, ex- 
perimenting with a mixture qI wbon monoxide, 


Direct actions are 


reverse actions are 


hydrogen, and oxygen (too littlo for complete 
combustion), concluded that the ratio of water 
to carbon dioxide formed did not vary continu- 
ously, but by sudden jumps. Bunsen also found 
that the more rapid the combustion the more 
water and the less carbon dioxide was pro* 
duced. Horstmann, by using pretty long tubes, 
got numbers from which be deduced a theory of 
the coefficient of affinity. Dixon discovered thatP 
for uniform results it is necessary that the pres- 
sure sho.uld be above the ‘critical pressure.’ 
This * critical pressure ’ is the pressure beyond 
which length of tube has no effect on the result • 
it is higher the less explosive is the mixture. For 
instance, wet carbon monoxide with 12 p.o. of 
free oxygen has a ‘ critical pressure ’ of 400 mm.; 
if there is 19 p.c. of oxygen the ‘ critical pres- 
sure ’ falls to 200 mm. The * critical pressure ’ 
is then the pressure above which the true ex- 
plosion takes place. When the pressure is 
above the ‘ critical pressure,’ and when the pro- 
ducts of combustion are prevented from leaving 
the sphere of action by condensation or other- 
wise, and no inert gas is present to lower the 
temperature, and there is less hydrogen than 
twice the volume of the oxygen, then the co- 
efficient of affinity (to be defined below) remains 
constant and is equal to 4 ; or in other words 
the ratio of burnt to unburnt gas is constant. 
A typical case is a mixture of carbonic oxide, 
hydrogen, and oxygen. 

2H, + 0, = 2H,0\. 
2C0-^02»2Cb2j » 
H ,0 + CO =* H 2 + CO 2 \ 
h; + C02 = H20 + C0/* 

If H is the number of molecules of steam, H' 
the number of molecules of hydregen, K' the 
number of molecules of carbon monoxide at the 
beginning of the reaction, and K the number of 
molecules of carbon dioxide at the end of the 

reaction, then - ■» o the coefficient of affinity, 
KH 

For real information on these points the 
paper must be consulted. We can also do no 
more than refer to the very important experi- 
ments made by Mallard and Le Chatelier on the 
pressure produced by gaseous explosions {A. M. 
[8] 4, 272 [1883]). These philosophers used a 
Bourdon gauge indicator, and obtained a dia- 
gram showing the rate of cooling oP the gases 
of explosion. The experiments of Clerk (i.c.) 
were directed to the practical application of 
gaseous explosions in gas engines; his appa- 
r^jtus consisted of a Hichards’ indicator with a 
drum travelling at constant speed; and his 
results are of a definite practical importance. 

Liquids and Soljds. General phenomena . — 
For purposes of convenience the solid explosives 
are generally divided into two classes : one 
typified by gunpowder, the other by detonated 
gun-cotton. The first class is for the most part 
occupied by eijplosive mixtures ; the second by 
explosive compounds. An accurate practical 
distinction may be made between those sub- 
stances in which detonation may be produced 
as easily as iu gun-cotton, say, and those in 
which it cannot be so easily produced. The 
general phenomena common to both classes ol 
explosives are : — 

1. 4 rapid chenuQ^l change attended by in 
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crease of tolume and production of heat (this 
exoludoB such oases as the action of tartaric 
acid on sodium carbonate where heat disappears). 

2. A dependence of the rate, and hence 
generally of the nature, of the decomposition 
on the greater or less facility which the pro- 
ducts have for escaping from the seat of the 
•reaction. This information we owe to Abel. 

8. If the substance is inclosed in a confined 
space the final pressure of the products will de- 
pend on the ratio of the volume of thd space to 
the volume of the explosive substance ; on the 
heat produced during the reaction; on the 
nature of the reaction as influenced by the 
escape of the products ; on the greater or less 
dissociation of the products.; on the physical 
state (solid, liquid, or gaseous) of the products at 
the temperature of the explosion ; on the rela- 
tion of the velocity of cooling to the velocity of 
the reaction ; and finally on the mode of inflam- 
mation in relation to the initial temperature. 

We may at once premise that explosives of 
the second class differ essentially when ‘deto- 
nated * from explosives of the first class, in that 
their reaction is analogous in point of velocity 
and means of propagation to the explosive mode 
of ‘ decomposition ’ observed in gases by Berthe- 
lot and Dixon. 

It is immaterial whether the reaction by de- 
tonation or explosion of the * first order,* as it 
is sometimes called, is brought about by a 
detonator of some other sudden explosive, or 
whether it is produced by the gradual rise of 
temperature and pressure produced by the pro- 
ducts of the decomposition of some other part of 
the same n^ss. A detonation of gun-cotton may 
be produced equally well by using a detonator of 
confined fulminate of mercury, and preventing 
the escape of the products of combustion, or by 
igniting a portion of the gun-cotton by the 
application of a hot body or flame. 

Many substances detonate or not according 
to the circumstances in which they arc placed. 
Fulminate of mercury, for instance, piled in 
small quantities on a sheet of iron may be in- 
flamed by a wire laid on the top without pro- 
ducing a much greater explosion than would be 
produced by gunpowder under similar circum- 
stances. If the wire is placed beneath the heap 
and heated by a current to a sufficient tempera- 
tipre the slight resistance to the escape of the 
pr^uots of combustion first formed will be suffi- 
cient to convert the puff into a loud detonation, 
which bruises the plate. 

It is very easy to get the explosive wave es- 
tablished in fulminate of mercury, and in fulmi- 
nate of silver and iodide of nitrogen it is difficult 
to prevent it becoming esta^blished. (In some of 
Abel’s experiments on the transference of ex- 
ploding influence through tubes it was noted that 
the fulminate of silver did not explode with its 
usual violence.) In the nitroglycerin compounds 
the relative ease or difficulty of establishing an 
explosion of the first order, %.$• detonation, de- 
pends largely on the physical state of the sub- 
stance. In all oases what is required is that the 
pressure on, and the temperature of, a portion, 
no matter how small, of the substance to be ex- 
ploded, shall rise above a certain critical vsduo 
which depends on the nature, initial temperature, 
and physical state, of the substance. It is not 


necessary to make any hypothesis such as that 
long since suggested by Abel as to ‘ synchronism 
of vibration,’ tho anomalies which it was framed 
to account for having either arisen from mis- 
apprehension, or having been accounted for in 
•other ways. 

We proceed to the general theory. 

Provided the reaction is complete the heat 
given out may be obtained from the thermo- 
chemical data which we owe to Berthelot. A 
little care is requisite here, because it generally 
happens that some of the products of combustion 
are liquid at ordinary temperatures. Now if we 
wish to determine the maximum pressure, this 
will involve a knojvledge of the heat of combus- 
tion when all the products are kept gaseous. 
Sometimes it may happen that a reaction taking 
place at high velocity is not identical with that 
at the velocity actually attained in the necessary 
oalorimetiio experiments. In such cases we must 
make sure (by analysis of the products) either 
that the reaction has not changed, or if it has, 
due allowance must be made in the thermochemi- 
cal data. A much greater difficulty arises in esti- 
mating the percentage of combination which has 
occurred when the maximum pressure is reached. 
We may either introduce a correction (if one is 
to be found) in the data for the heat of reaction, 
or in the data for the specific heat of the pro- 
ducts. It will be convenient to assume, with the 
higher explosives at all events, that the maximum 
pressure is reached before any heat is lost to the 
containing vessel. It will also be important to 
note that a decomposition -reaction taking place 
at constant volume may not be identical with tho 
reaction at constant pressure. With the higher 
explosives the reaction oven in the open air is 
more nearly at constant volume than at constant 
pressure. 

If Qv is the heat of the reaction available for 
raising the temperature of the products at con- 
stant volume, and Qp is the corresponding 
number at constant pressure, and if the volume 
of gas liberated is known, thefi Qy = Qp + thermal 
equivalent of work done in overcoming external 
pressure. For instance, for 227 grms. of nitro- 
glycerin Qp will be 356-6 kilogram-degrees, and 
Qv 360-6 kilogram-degrees. The volumes of 
the gases of combustion being supposed to be 
reduced to 0° and to expand against a pres- 
sure intensity of one atmosphere, Qu comes 
to 1,690 gram-degrees per gTom of nitro-gly- 
oerin at an initial temperature of 16°0. Sor- 
rau and Vieille found by a calorimetric experi- 
ment 1,600 gram-degrees.. To take a simple case : 
Suppose the thermal value of the reaction (Qw) 
can be obtained for a gram of substance, let this 
quantity of substance be inclosed in a space of 
i 7 «c.c., and suppose its own volume negligibly 
small in comparison ; Jpt the products of reaction, 
supposed still gaseous and obeying Boyle’s Law, 
occupy a volume at 0° and 760 mm. ; let the 
specific heat of the jiroduct supposed constant ^ 
\k <T, and let m represent the ratio of the por- 
tion burnt to the whole initffil amount at the 
epoch of maximum pressure P, then the formula 
will beoome 



Now it is clear that as this oalcul.'itlon is 
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based on Boyle’s Law, the temperature being 
considerable, we must expect a merely approxi- 
mate result, according to Amagat’s experiments 
at high temperatures and pressures. Again our 
knowledge of «r, a quantity which is possibly de- 
pendent on the pressure and temperature, is> 
mere guess work, and the sAme may be said for 
w. The only at all satisfactory case is that of 
fu^inate of mercury (HgC^NjO^), the products 
being 2CO and N^, a mixture not very suscep- 
tible of dissociation, though Dixon noted that 
even CO is decomposed at high velocities. Ber- 
thelot shows that the effect of dissociation is in 
all oases to lower the pressure, the heat used 
being without exception insu^iiciently compen- 
sated by the increased volume of the gas liberated. 
For speculation as to the probable value of P 
from theoretical considerations the reader is re- 
ferred to Berthelot. We shall describe the prac- 
tical way in which the pressure is measured, and 
content ourselves with pointing out that Berthe- 
lot’s theory leads to results which sometimes 
(according to his success in guessing m and e) 
do not differ widely from the experimental re- 
sults. Of Berthelot’s experiments it is impos- 
sible to speak too highly. 

The instrument used in measuring pressures 
is based on the crusher gauge invented by Bod- 
man, and improved by Noble and by Abbot ; the 
former by the introduction of a cylindrical 
crusher and copper cylinder, the latter by the 
addition of a clutch making its use possible 
under water. For our purpose the best experi- 
ments are those of Sarrau and Vichle, for to them 
belongs the honour of having rightly interpreted 
the indications afforded by the gauge. The dif- 
ficulty of interpretation will be best understood 
after a short description of the normal type of 
crusher. This instrument consists essentially of 
a hollow cylinder of mild steel, strengthened, 
if necessary, externally by winding with wire. 
The cylinder is open at one end and closed at the 
other by a strong screw plug ; the explosive to 
be investigated is praced in the hole and usually 
rests near the plug ; the electrical firing arrange- 
ments pass through the plug itself. The capacity 
of the instrument used by Sarrau and Yieille was 
about 24*83 C.O., and the diameter of the bore 
was 2*2 centim. A ram piston is inserted into 
the open end of the bore, and is supported at its 
outer end by a cylinder of pure copper, which in 
tom rests on a missive anvil braced to the rest 
of the apparatus. The instrument is strength- 
ened by two plates, one at each end, braced to- 
gether by strong bolts. « The dimensions of the 
soft copper cylinder are accurately determined 
by a previous experiment, and the charge is 
weighed and introduced below the plug, the 
volume of the bore down to the piston head bein^ 
accurately measured. On^ing, the increase of 
pressure due to the explosive gases causes the 
piston ram to ‘crush ’ the copper cylinder. The 
problem is to find the maj^um pressure ex- 
* erted on the cylinder. In Bodman’s instrument 
the piston was furfiished with an indentmg tool, 
and ^e apparatus itself was of slightly modified 
construction, being screwed into a gun and 
the piston being acted on directly by the ex- 
plosion of the gunpowder when the gun was 
fired. Bodman’s interpretation was based on 
asperiments made with a testing machine. His 


assumption was that the dimensions of the ‘ out ' 
of the copper depended on the maximum pres- 
sure ; the calibration was effected by producing 
an equivalent out in a testing machine and 
measuring the pressure at which it occurred. 

This is rightly criticised by Abbot, who adopts 
a rather different method. He uses a solid 
cylinder of lead and crushes it by means of af 
flat-headed piston. If the length changes during 
the operation from L to and if F is the mean 
resistaneb of the lead cylinder to deformation, 
then the work done is 

W = F(L-L'). 

W is next measured by the fall of a hammer head 
pendulum. The distance through which the 
pendulum falls is so arranged that it produces 
the same crush as that observed in an experiment. 
In Abbot’s case the pressures measured were 
pressures of explosion under water, and his ap- 
paratus therefore more resembled Bodman’s. 
The kinetic energy of the blow being known, and 
the assumption being made that all the energy is 
effective in producing the crush, or, what comes 
to the same thing, that the effectivity is the same 
during the hammer-blow (he does not say this) 
as it is during the experiment— we have a means 
of obtaining in the first case an absolute measure 
of W ; in the second * a measure proportionate 
to W. 

It is clear, therefore, that if the resistance is 
a known function of the length we shall be able 
to obtain a value for F leading to a true result. 
As a matter of fact the process of ‘ crush ’ is 
complex, the resistance being very different be- 
fore and after flow takes place. 

It is probable that in the immense deforma- 
tions employed by Abbot the chief resistance is 
resistance to flow, and this will to a certain ex- 
tent depend on the velocity of flow. In other 
words, his calibration is inexact unless the piston 
of the crusher moves with the velocity of the 
hammer. 

The explosion endues the piston with kinetic 
energy, and this energy is spent in deforming the 
cylinder. It is clear at once that much will de- 
pend on the time required for the pressure to 
reach its maximum considered in connexion with 
the mass of the piston. Sarrau and Yieille (C. B. 
95, 26, 130) use copper cylinders in oannexion 
with the instrument described above. Th^ 
equation of slow crush in the testing machine is 
T-K,-HKf, 

« b^ng the crush, or change of length produced, 
Ko and K constants, and T the pressure pro- 
ducing the observed crush. If the crush is not 
very great, and the rat« of crush slow, K seems 
fairly constant up to pretty high values. It by 
no means follows, however, that the case is the 
same if the velocity of flow be great. When the 
cylinder is crushed by one explosion two extreme 
cases have tobef^^onsidered. 

1. The piston may be so light that the pres- 
sure of the explosion is transferred to the copper 
cylinder practically at the time of its develop- 
ment in the eiplosion cylinder. 

2. The explosive pressure is so rapidly pro- 
duced, or the piston is so heavy, that the maxi- 

' Of couTM in the end *U the energy, or nearly ail, ii 
ooDverted into beat in tbe cylinder and neighbouring 
snrfaoes. 
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mum pressure is reached before the piston begins 
to move. 

In practice of course there are intermediate 
cases. Let p=»/(0 be the variable pressure at 
the base of the piston, m the mass of the piston, 
R the resistance of the cylinder, u the displace- 
ment of the piston after time t. Keglecting the 
•ompression of the piston, Ac., the equation 
of motion is 

within the limits R = K(,to K«. Neglecting the 
work done within the elastic limits of the cylin- 
der, and taking care that the charge is of such 
a size as not to cause the crush to pass the 
limit for which the equation holds, this becomes 

This may be integrated, and when the pressure 
passes through its maximum P, we get a relation 
between this maximum and the final crush of 
the cylinder. This solution is of the form 

p=K,+ — 

t being the time from the origin to the epoch of 
maximum displacement, and the period of 
crush of the cylinder under a constant force 
acting without initial velocity through the 
mediation of a piston of equal mass m ; is 
such a function that it is unity when the variable 
vanishes, and decreases rapidly as the variable 
increases. JSo the value of P depends on our 

knowledge of and this must bo determined in 
to 

each case. 

Now, to is given by 




it is the period (or, as we should say, half 
period) of the piston, t is got by actual measure- 
ment; this is accomplished by allowing the 
piston to carry a style pressing on a chronograph 
drum. 

In a general way the ratio is found to vary 
accordinij to the mass of the piston employed. 
Sarrau and Vieille, however, prefer so to vary 
the mass of the piston that one or other of the 
extreme conditions is fulfilled. If the pressure 
rises slowly (within the sense of the equation) 
then * 

P = K,-l-K«. 

If, on the other hand, tho piston moves under 
constant force. 


Some interesting cases 
t 


themselves. 

When — varies between d'8 and 261, the crush 

remains the same (or nearly so) with powder, 
showing that with the piston used the &st 
equation must be employed. With potassium 
picrate, on the other hand, no sensible value can 
ue assigned to f , and the second condition is ful- 
filled, The same remark applies to gun-cotton 
fcnd fulminate of mercury ; with dynamite, on 


the other hand, we have an intermediate oaie. 

The first condition is wholly unattainable in 
practice, and the second only when the mass of 
the piston is very great (in the experiments of 
Sarrau and Vieille it was 4 kilos.). If the piston 
had a mass of from 3-8 to 6*9 grs. only, then the 
crush for a given quojitity of dynamite was only 
half what it was when the crush was given by the 
heavy piston; for intermediate vfdues of the 
piston weight the crush was also intermediate. 

With the exception, therefore, of the diffi- 
culty above mentioned as to rate of crush, wo 
may consider that Sarrau and Vieille’s experi- 
ments establish the right of tho crusher to con- 
sideration as an instrument of precision. It 
must not be forgotten, however, that the indica- 
tions afforded refer to mean maximum pressures 
only. There may be much local variation at 
points near the centre of explosion. By con- 
sidering the nature of the possible means of 
escape of the gaseous products, it appears that 
vortex motion and jet motion may be set up. 
This was noticed by Threlfall (P. Jlf. 1886) in 
the case of small explosions of fulminate of 
mercury under water, by Abbot in the case of 
large submarine dynamite explosions, and by 
Berthelot as a result of his general experience. 
The latter notes that metals subjected to the 
influence of detonating compounds are ‘ creus^a 
et sillonn^s,’ and referring to the seat of such 
explosions he remarks ; ‘ En realit6, les gaz 
brusquementdeveloppds par la r6action chimique 
repr68entent de v6ritable3 tourbillons, dans les- 
quels il existe des filets de matike sous des 
6tat8 de compression tr^s diffkents, et une 
fluctuation int6rieure.’ 

It will be evident that there is much diffi- 
culty in answering such a question as ‘ What is 
the strongest explosive ? ’—in fact, no answer 
can be given unless the conditions of explosion 
are specified. We may arrange explosives in 
the order of maximum pressures developed per 
unit mass in unit volume in a crusher gauge, or 
we may construct a table showing the pressures 
produced by unit masses in their own volumes, 
or by equal volumes in their own volumes. For 
instance, in the case of fulminate of mercury 
with an actual density of charge at the rate of 
3g. per C.C., the crusher indicates a pressure 
intensity of about 6,000 kg. per sq. oentim. for 
unit density (the standard condition). For cotton- 
powder the figure mounts to ^0,000 kg. per sq. 
centim. If, however, we consider equal masses 
of these substances exploding in a space just 
capable of containing tjbiem, the mercury ful- 
minate (thanks to its specific gravity of 4*42) 
will produce the enormous pressure of 27 ,000 kg. 
per sq. centim., while the number for the cotton 

S owder will be only slightly increased. Now 
etonators in practice consist of confined oharges 
in copper or tin tubis, and therefore it is clear 
at onoe why fulminate of mercury is the detona- 
tor par excellence, even though the energy ex- 
tended per unit mSss is surpassed by other ex- • 
plosives. The period of ther attainment of the 
maximum pressure of detonating sabstances, ex- 
oepting nitro-glycerin compounds, may be taken 
as less than of a second. 

Fulminate of silver, though so remarkable aa 
a violent explosive, fails as a detonator through 
lack of density. The peculiarity of it, and fli 
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iodide of nitrogen, lies in the ease with which 
the explosive wave can be established in them, 
rather than in the energy run down by a given 
volume, which is the practically important 
point. With respect to the uncertainty in the 
method of calculation referred to at the begin-* 
ning of this article, it seems as if the very high 
temperature in the crusher gauge tends to counter- 
act the uncertainty produced by the enormous 
pressures. We give the following example of the 
^tual calculation in the case of fulminate of 
mercury 

The heat of formation of 

OjN,0.^g (= 284) is 114,600 gram-units. 
Deducting the heat of vaporiMtion of mercury, 
this comes to 114,600 — 15,400 = 99,100 units 
available. Taking 4-8 as the molecular specific 
heat at constant volume of the mercury vapour, 
the carbon monoxide, and the nitrogen, and 
neglecting the difference between this Value and 
the value for liquid mercury, then 

= 5,161°. 

4 x4‘8 

The volume of gas formed (CO + N) reduced by 
the ordmary assumption to 0‘^C. and 7G0 mm. 
will ^ 22*82 litres. At a temperature 5101'’ 
(taking into account the volume of gaseous mer- 
cury) we i^iJl have under normal pressure 

V=89-28(U?^^) 

*1,776 litres 

as the quantity of gas given off by 284 g. of ful- 
minate in a certain crusher experiment. 

Now, 10 g. of fulminate were actually fired in 
a space of 50 c.o. ; the corresponding space for 
284 g. would have been 1*42 litres, so by Boyle’s 
Law the pressure would be 

= 1,251 atmos. 

1*42 

or 1^8 kg. per sq. centim. 

The experiment in the crusher gave 
f *2*4 mm., and the time of reaching the maxi- 
mum was negligible. Therefore (the constants 
being previously known) 

P* 641 -h 535 
* 1176 kg. per sq. centim. 

Oomparing these two numbers we get an idea 
of the closeness of the results; they agree to 
within about 10 p.c. The deviation may be duo 
either to the error introduced by the flow of the 
copper or by any of the assumptions in tire 
ih^ry. The gauge-estimate is probably the 
more correct. 

The following notey may be of service. It 
is well known that many of the more rapid ex- 
plosives do not require any tamping— i.6. a 
charge of gun-cotton simply laid on a rock will 
do nearly as much work in breaking and shattet 
ing as U 'it were covered with sand or clay- 
tamping. The ceasooi is^that the increment 


of volume tends to take place with greater 
velocity than that with which sound is propa- 
gated tlirough air. Consequently it may happen 
that the pressure rises above the crushing 
strength of the rock, in which case fracture will 
result. In order to produce any appreciable 
effect at all the velocity of explosion must be 
above some critical value ; when this is surpassed* 
the amount of destruction performed will depend 
on the energy available. 

It is 4 well-known fact that a small charge 
of fulminate of silver fired on a card or thin 
sheet of glass will in general blow a hole through 
the card or glass without doing other damage. 
The cause of this phenomenon has been sought 
by several observers, the most reasonable of 
whom appear to be Mach and Wentzel (Z.c.), who 
begin by showing that the same effect can be 
observed in a vacuum. This leads them to 
measure the velocity of escape of the gases 
formed during explosion, by observing their 
effect on hollow cups forming convenient por- 
tions of a ballistic pendulum. The resulting 
velocity turns out to be between 3,500 and 17,500 
metres per second, with a probability that the 
lower limit is the one most nearly approached. 
The authors argue that the density of the gases 
evolved with this velocity must be very consider- 
able, and hence that the effect on an obstacle 
must be comparable with the efftict produced by 
the impact of a projectile. This leads to the 
interesting question of what occurs when a 
soft body is caused to penetrate a hard one in 
virtue of its high velocity, as when a tallow 
candle or bit of soft wood is shot through a 
door. ^ 

The so-called ‘ sympathetic explosion ’ of 
charges probably does not exist. Cartridges 
both of gun-cotton and dynamite may be 
shattered to dust by an explosion without being 
ignited. Detonation may be produced equally 
well in chemical compounds and in mixtures, 
such as that of dinitrobenzene and potassium 
chlorate; in either case all that is required is 
that the pressure and therefore the temperature 
should rise to a suilicient value at any one point 
of the mass. 

The ease with which detonation may be 
brought about will depend ceteris paribtts on 
the physical state of the explosive as ^o hard- 
ness, fluidity, &o. The most powerful— i.e. 
enerp-liberating— explosive per unit volume is 
fulminate of mercury; the most powerful per 
uni^ mass is blasting gelatine (92 p.o. nitro- 
glycerin and 8 p.o. nitrocellulose [the exact 
composition of the particular nitrooellulose is 
not stated]). The latter, owing perhaps to its 
physical state, is most difflcnlt to detonate ex- 
cept in bard rock. For detailed information on 
matters connected with explosions the reader is 
referred to Berthelot E. T. 
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? AGINE. An alkaloid said to occur in beech - 1 
nuts (Buchner a. Herber^cr ; Habermann. 0. 0. 
J884, 789 ; J. 1884, 1446). 

EAT. The term fat was originally applied 
to all compounds of carbon, hydrogen, and oxy- 
gen, which leave a permanent grease-tttain on 
paper. They were divided into solid fats and 
fatty oils, the latter being subdivided into drying 
and non-drying oils. Ohevreul, showed that j 
most natural fats are mixtures of olein, stearin, ! 
and margarin, the last body being subsequently 
proved by Heintz {A. 80, 293 ; 84, 297) to be a 
mixture of stearin and palmitin. Ohevreul also 
showed that on boiling with potash the potassium 
salts of oleic, stearic, palmitic, or other acids, 
are formed as soaps, while glycerin is in most ! 
oases also produced. Ohevreul classes paraffin 
and oholesterin as unsaponifiable fats, the other 
fats being saponifiable. The term fat is, how- 
ever, usually confined to saponifiable bodies. i 

Prej^ation . — Fat is obtained from animal 
tissue Dy melting at 100*’. The membranous 
portions may bo removed by adding 1 pt. of very 
dilute HOI (containing *03 pta. HOI of S.G. 1*12) 
to every 10 pts. of the raw fat, and heating m a 
water-bath (Pohl, D. P. J. 201, 254). The rancid 
odour often acquired by keeping is due to volatile 
fatty acids, which may be distilled oiT in steam , 
by boiling with water (Dubrunfaut, 0. B. 72, 37). | 
The odour may also be removed by treatment 
with aqueous Na^OOg. Vegetable fatty oils are 
expressed from seeds *, a second quantity may be 
got by grinding up the seeds and pressing them 
a second time while hot. Nitrogenous substances 
are removed from the oil by shaking with 1 p.c. 
cone. HjS 04. Fats are also extracted from 
animal and vegetable products by benzene. 

Properties. — Solids or liquids, lighter than 
water, cannot be distilled. Insol. water, v. sol. 
ether, OS,, benzene, and light petroleum; sol. . 
alcohol. When strongly heated they give off a j 
pungent odour of acrolein. Alcoholic NH, slowly 
converts the fats in the cold into glycerin and 
amides of the acids (Rowney, J. pr. 67, 157). 
Nitric acm oxidises fats, forming oxalic, succinic, 
and adipic acids. Nitrous acid causes oils which 
contain olein to solidify through the isomeric 
change of that liquid to solid elmdin. 

Saponification.— are broken up i«to 
glycerin and fatty acids by treatment with super- 
heated steam, or by boiling with aqueous alkalis 
with water and PbO, or with dilute HjSO^ (c/. 
Benedikt, M. 9, 618). Saponification may even 
bo effected at 46® by agitation of the melted fat 
with aqueous NaOH containing NaOl 0i^ige- 
Mourids, 0. B. 68, 864 ; Legrand, D. P. J. 186, 
161; Knapp, D. P. J. 180, 30iA 192, 498; cf. 
He Milly, JD. P. J. 186, 146). Saponification 
may be conveniently effected by heating with 
lime (8 p.o.) and water at 172®, or with HgSO* 
(8 p.c.) at 116®, glycerin being distilled off with 
superheated steam. 

Drying Oils.— These oils become solidthrough 
atmospheric oxidation. This tendency is in- 
creased by previous boiling with PbO* Linseed 


pH is the chief drying oil ; it contains glyceryl 
liuoleate. 

Estimation . — The amount of fat in a mixture 
is determined by extracting with ether, and eva- 
porating the extract. Tho amount of free fatty 
acid may be determined by titration (Stohmann, 
J.pr. [2] 24, 610; Hausamann, Fr. 21, 447; 
Groger, Fr. 22, 289 ; Krechel, Fr. 23, 261). The 
molecular weights of the higher alcohols and of 
the oxy- acids present in fats have been deter- 
mined by forminf their acetyl derivatives and 
then saponifying these bodies by alcoholic potash 
and titrating the excess of potash, using alcoholic 
phenol -phthalein as indicator (Benedikt a.Ulzer* 

M. 8, 41)., 

Gomposition . — The following fats and fatty 
oils, amongst others, contain olein, stearin, and 
palmitin : fat of men, sheep, oxen, geese, and 
pigs, of cantharides, cocoa beans, oil from seeds 
of species of Bassia^ from Para nuts, from coc- 
culus indicuB, and from maize. Olein and pal- 
mitin occur in cotton-seed oil, in bicuhyba fat, 
in palm oil, in the fat of beans, peas, and lupine 
seeds, and in elephants’ fat. Oil of rape and 
of mustard seeds contain glycerides of erucic and 
behenic acids. Earth-nut oil contains glycerides 
of palmitic, arachio, and hypogaiic acids. Cocoa- 
nut oil contains glycerides of formic, acetic, 
butyric, hexoic, octoic, decoio, laurio, myristio, 
and palmitic acids. The fat from tlio seeds of 
AnacardiacciB contains olein and stearin. Cro- 
ton oil contains glycerides of formic, acetio, 
isobutyrio, isovaleric, tiglic, palmitic, stearic, 
lauric, myristio, and oleic acids. Almond oil 
consists almost entirely of olein. Nutmegs con- 
tain myristin. Castor oil contains glycerides of 
stearic and ricinoleio acids. Linseed oil consists 
chiefly of the glyceride of linoleic acid, but con- 
tains also those of palmitic rfind myristio acids. 
Cod liver oil consists chiefly of olein and palmi- 
tin, but it contains also small quantities of acetio 
and butyric acid and some compound of iodine. 
The oils from poppy seeds and from walnuts 
contain glyceryl Imoleate and other glycerides. 
Butter contains glycerides of palmitic, stearic, 
myristio, arachio, butyric, hexoic, octoio, and 
decoio acids. 

FATTY ACIDS v. Acids. * 

FATTY ALCOHOLS v. Alcohols. 

FATTY COMPOUNDS. This term is applied 
to all organic compound^ whose molecules are 
supposed not to contain a closed chain of carbon 
atoms. 

FEHLING’S SOLUTION. An alkaline solu- 
tAi of potassio-tartrate of copper used in the es- 
timation of glucose, which reduces the solution 
with ppn. of red CujO. Fehling (A. 72, 106 ; 
106, 76) dissolves 192 grams NaK.C^H^O, crys- 
tals in a little watetf adds 600-700 c.o. NaOHAq • 
S.G. 1*12, and then 40 grama CuS04.6H^ in 
about 160 0.0. water, and dilutes to 1164*4 c.c. at 
16*. Five milligrams of dry glucose ppt. all tbr v 
On as Cu,,0 from 1 o.o. of this solution. 

M. M. P. M* 

FELLIO ACID Og,H4o04. a20®]. An acid 
■aid to accompany ohoUo acid in human bila 
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(Schotten, H. 11, 268). Strongly electrical 1 
powder, tastes liner. It gives a red, but not a 
crimson, colour with Pettenkofer's test.— | 
BaA'j4aq. S. 1‘3.— MgA', 2.^aq. ' 

PEKNEt OIL. The oil of common fennel 
{Anethum Fcenicuhmi) contains anethol and a* 
terpene (phollandrene) (o. 187“) (CahourB,i4. 41, 
75). 

PEEMENTATION AND PUTREFACTION. 
Most organic compounds exposed to the air 
undergo decomposition at a more or less rapid 
rate. The decomposition takes place most 
rapidly in the presence of moisture and at a 
slightly elevated temperature. In most cases 
the decomposition consists in ^e breaking down 
of complex molecules either by the assimilation 
of the elements of water {hydrolysis) ov by & slow 
process of oxidation {erenuicausts or decay). In 
other oases the change seems to be one of mole- 
cular rearrangement resulting in the ttlteration j 
of the physical properties of the body, such as 
the conversion of a solid into a liquid mctamcride. j 
When these changes are accompanied by the 
evolution of gases of unpleasant odour, the term 
putrefaction is used, and it may therefore be re- 
garded as a special case of fermentation. The 
earliest experiments on these phenomena have 
established the facts that decomposition does not 
take place if air be excluded, if the materials be 
dry, Lf the temperature be below 0°C. or above 
100°C., or in the presence of certain organic and 
inorganic bodies, which, from having the property 
of arresting or preventing these changes, are 
called anti'septics, anti-ferments or anti-putres- 
cent substances. Formerly it was held that 
these changes were due entirely to the action of 
chemical and physical forces, but it is now known 
that in most cases, and possibly in all, the de- 
composition cannot take place without the inter- 
vention of living organisms or of chemical 
substances, which, although of an unorganised 
constitution, are derived directly from living 
protoplasm. The bacteria and certain fungi are 
the best-known organisms which determine 
these changes. Each bacterium characteiiscd 
by its particular form and growth feeds on a 
particular pabulum or chemical food c.iusing it 
to break up and form definite chemical products, 
BO that there is found in each kind of fermenta- 
tion the same conditions and the same kind of 
organism. The reasons which have led to the 
almve view are bared not only upon the conditions 
which are found necessary for the fermentation 
to take place but also upon the fact that a nitro- 
genous body is always . found in the liquid even i 
whentheohemical change consistsin the breaking 
down of a non-nitrogenous compound. In some 
eases fermentation is brought about in a manner 
which appears to be different from the foregoin^j, 
no organisms being presei^i, and the addition of 
certain anti-ferments fail to stop the decom- 
position. In these oases bodies of complicated 
constitution, and directly drived from vegetable 
or animal organs, must be present. They aife 
without organic Structure, and are known as 
chemical or unorganised ferments or enzymes^ 
and may in most oases be extracted from the 
organs in which they occur by means of glycerin, 
and can subsequently be precipitated from the 
solution in an amorphous condition by the 
addition of aloohoL enzymes seem to be an 


intevmed late prpduct of organic life. None have 
been prepared artificially, and plant and animal 
organs by the secretion of these substances are 
enabled to perform their special functions. Their 
characteristic properties are destroyed when their 
aiiueous solutions are warmed to a temperature 
near to 100“ C., and no action takes place when 
the solution is cooled below another fixed tem-t 
perature. These critical temperatures vary with 
the different enzymes, but the range of tempera- 
ture appKoximates to 60“-75®O. Great concen- 
tration of the solution and the addition of glycerin 
or alcohol alter the temperatures at which the 
enzymes cease iio act. Dry enzymes can be heated 
to the boiling-point of water and even higher 
without destroying their property of fermenting. 

{ Dried pepsin can be heated to 170“ without losing 
! its fermenting action (Huppe, C. C. 1881, 746). 
Light also modifies the rate at which the enzymes 
ferment. 

Theories of fermentation. From the fact 
that contact with air and the presence of a 
nitrogenous body are necessary for fermentation 
or putrefaction to take place, Berzelius and 
Liebig concluded that the nitrogenous matter 
was decomposed by the atmospheric oxygen, and 
that this reaction caused a rearrangement of its 
elements which determined the decomposition of 
the molecules of the fermentable substance 
present. Schwann’s discovery of the prestmee 
of organic germs in the air led Pasteur to formu- 
late the theory that fermentation is never excited 
except under the influence of microscopic or- 
ganisms, and further that each particular organ- 
ism sets up a peculiar species of fermentation. 
Schwann and llelmholtz showed that air which 
had passed through a red-hot tube could not in- 
duce fermentation, and thereby proved that 
, oxygen alone was not sufficient to bring nitro- 
I genons matter into the condition of a ferment. 

! Blondeau was the first to show that the con- 
version of sugar into alcohol was due to the 
I growth of one particular organism {Torvula 
j cerevisue), and that the conversion of sugar 
: into lactic acid was due to the growth of the 
mould Fenicillium glaucum, and that beer yeast 
contained the germs of both these organisms. 

I Blondeau also pointed out that in butyrous fer- 
I mentation or the formation of butyric acid from 
I sugar, and in the conversion of urea^into car- 
I bonate of ammonia, a growth of Pcnicillium 
glaucuvi accompanied the change. These views 
of Blondeau, Pasteur, and Schwann, were con- 
tested by Liebig, who adduced experiments in 
support of his own view, Schmidt {A. 61, 168) 
pointed out that by adding the clear filtrate from 
the paste produced Jby beating almonds with 
water to a liquid containing urea or grape sugar, 
fermentation took place, and when the latter 
substance was employed, no trace of yeast cells 
was manifest until the fermentation had taken 
place for a considerable time. Pasteur {Bl, 
1861, 67-79) produced additional evidence to 
show that ready-formed yeast would germinate 
.and grow to a limited extent in a liquid con- 
taining sugar and albaminous matter, even 
when oxygen was completely excluded. He ex- 
plained tbia result by assuming that the yeast 
acted as a ferment in the absence of air by ab- 
stracting oxygen from the sugar, and that upon 
this deoxidising power its action m a ferment 
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dApondl* Orgftnisnia whioh are aerobic, and live on the action of reagents upon ferments showed 
by means of the oxygen of the ah, might become that neutral gases and dilute acids do not affect 
anaerobic and derive their oxygen from some the power of yeast, but that sulphur is reduced 
ready-formed compound and thus act as ter- 1 to sulphuretted hydrogen when added to a fer- 
ments. Pasteur also extended his researches menting liquid. Dilute alkalis retard fermen- 


on the action of ferments to the phenomena of 
putrefaction and decay, and (0. R. 6h, 734, 1189) 
defined putrefaction as a kind of fermentation I 
Educed and maintained by organisms of the 
genus Vibrio, whioh can only live in contact with 
the air. He showed that when calcioip lactate 
ferments in the absence of air, calcium butyrate 
and other products are the final result, whilst, if 
air has access to the liquid, the butyrate likewise 
ultimately disappears. The putr^action of solid 
bodies (animal carcases) is also due to the activity 
of these organisms, whose development can be 
checked by inclosing the substance in a closed 
vessel containing a cloth soaked in spirit or by 
other antiseptic treatment. The gangrene which 
is subsequently produced under these conditions 
is regarded by Pasteur as distinct from putre- 
faction, and as analogous to the ripening of 
fruits after their separation from the plant on 
whioh they grow. These experiments of Pasteur 
were criticised by Lemaire (0. R. 67, 958), who 
regarded the various processes of fermentation 
as duo to the action of one and the same ferment, 
and denied the existence of special ferments. He 
also concluded that the unrestricted access of 
air was essential to the progress and completion 
of putrefaction. Pasteur (C. R. 73, 1419) drew 
attention to the fact that properly selected 
mineral salts were necessary for the growth of 
fermentative germs. He found that the addi- 
tion of small quantities of NH,, Mg, Ca phos- 
phates and'(NH^) 2 S 0 , to a solution of calcium 
lactate increased the rate at which the lactate 
disappeared on the addition of vibrios, and that 
at the same time numerous fresh vibrios wore 
produced. As soon as the whole of the lactate 
was decomposed the vibrios fell dead to the 
bottom of the vessel. Again (C. 76, 784) he 

showed that the same cells acquire or lose the 
power of acting as a ferment according as they 
are deprived of air or exposed to its action. 
Yeast and other ferments can therefore live and 
multiply without contact with the atnaosphere by 
obtaining the oxygen necessary fortheir existence 
from the Recomposition of the oxygenated com- 
pounds in which they live. The moulds, such as 
Penicillium glaucum, become ferments when they 
feed in this manner upon bodies rich in oxygen 
instead of absorbing atmospheric oxygen. Evolu- 
tion of heat usually accompanies fermentati«i; 
the compounds, which are decomposed, being of 
a high order of complexity, evolve heat in their 
resolution into simpler molecules of a more stable 
nature. The spontaneous combustion of some 
organic bodies is probably due to the action of 
ferments. Bodies rich in nitrogen are wexy 
prone to putrefaction, but som^ such as uric 
acid, the alkaloids and indigo, ao not undergo 
any change. The gases evolved in fermentation 
may be carbonic acid, ammonia, sulphuretted 
hydrogen, hydrocarbons, nitrogen, and hydrogen. 
B6rara drew attention to the fact that frmts ex- 
posed to an inert gas evolve carbonic acid, and 
Pasteur showed that rioohol was at the same 
time produced whioh pointed to a sort of fer- 
uantation taking place. The earlier experiments 


station and large doses of dilute acids completely 
stop it. The behaviour of other reagents upon 
fermenting liquids is discussed under antiseptics 
at the end of the present article. The influence 
of pressure on fermentation has been studied by 
H. T. Brown (C. J. [2] 10, 670 ; 11, 973). Ac- 
cording to his experiments, N, H, paraffin hydro- 
carbons, and NO are evolved, besides 00^ in the 
alcoholic fermentation of grape sugar or malt 
wort. Diminution of pressure causes a large 
increase of the gifees unabsorbed by KHO. The 
increase of hydrogen is accompanied by the 
formation of acetic acid and aldehyde, and no 
nitrogen is evolved from solutions free from 
albuminqids. The nitric oxide is due to the re- 
duction of nitrates under diminished pressure, 
less sugar is decomposed, and the proportion of 
carbonic acid to alcohol is greater. The in- 
fluence of temperature on fermentation has been 
studied by many observers chiefly from an in- 
dustrial point of view. Pierre (C. R. 73, 317) 
showed that high temperatures in alcoholic fer- 
mentation were attended with a more abundant 
formation of the higher alcohols. When the 
temperature is kept down to the lowest point, 
traces only of butyl and amyl alcohols are ob 
tained. Propyl alcohol is always produced. 
Contributions to the study of fermentation by 
Brefeld (B. 7, 281), Mayer (B. 7, 679) and Traube 
(B. 7, 872) conclusively proved that yeast re- 
quires for its growth and propagation free oxygen. 
Fermentation takes place in the absence of free 
oxygen, but in this case the yeast does not in- 
crease. Moritz (C. J. 1874, 599), Mohr (B. 7, 
1421) and Pasteur (C. R. 80, 452) disagree with 
their results, and still more recently Berthelot 
has published the laboratory notes of C. Bernard 
which tend to support the observations of the 
former experimentalists. According to Bernard 
(0. R. 87, 125), alcoholic fermentation is not 
life without air, for alcohol is formed by contact 
of sugar with air without yeast. The ferment is 
not derived from external gei'ms, for in sterile 
juices the ferment is not developed; alcohol is 
formed by a soluble ferment apart from the life 
of the ripening fruit for wliich air is absolutely 
necessary. The soluble ferment is found in the 
juice expressed from the fruit, and it pro- 
duces alcohol in the expressed juice. It will be 
seen from the above summary that the present 
condition of the subject *is very unsatisfactory, 
and that further experiments in nearly every 
direction are needed with pure materials and 
known organisms. Much of the past work has 
Men done by chemists who have neglected the 
biological portion of tfce work, or biologists who 
have not noted the exact chemical changes 
which occur. Steps towards a better grasp of 
the subject are bein^made by several investiga- • 
tors. Experiments by Fitz,* Marpmonn, and 
more recently by Warington and Percy Frankland, 
have given definite data for future work. These 
experiments were made with pure oultivationi 
of known organisms, and the amount and quality 
of ohemioal change carefully determined. Beoent 
work seems to indicate that bacteria and moulds^ 
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living anaerobic, bring about most fermentations, 
and that, for these organisms to live, certain 
conditions are necessary, the most important of 
which is that their special nitrogenous pabulum 
is present. The way in which the enzymes or 
unorganised ferments act is stiU imperfectly 
understood. The decomposition effected by 
their agency is not so complete as in the other 
oases. Generally the change appears to be one 
of molecular rearrangement only, and no altera- 
tion in the distribution of energy takes place. 
Bacteria may, however, play an important part 
in the changes which are now attributed to these 
unorganised ferments, and they may, therefore, 
only be the means of educating some of the 
common bacteria into doing special work. All 
the unorganised ferments contain nitrogen, and 
it is certain that the bacteria cannot live without 
some nitrogenous substance being present. It 
is known thiat the same species of bactrrium, by 
varying the conditions of life, is capable of giving 
very different chemical products. It may bo 
that the unorganised ferments do not by them- 
selves determine the change, but that bacteria 
are induced by them to work in special manners. 
When we consider the various food-stuffa which 
are resolved by the higher organisms into the 
same products, we see that the same organism is 
capable of a wide range of pabulum or can bring 
about a great number of chemical decompositions. 
Wortmaim, on the other hand, is of opinion that 
bacteria effect fermentation by producing first 
an unorganised ferment which then brings about 
the changes which are ascribed to the bacteria. 
Yeast, for example, secretes an unorganised fer- 
ment, invertin, which has the property of re- 
solving cane sugar into glucose. Starch is also 
converted into a sugar capable of reducing cupric 
oxide by bacteria in the absence of other sources 
of carbon nutriment, and this action is doe to 
the secretion of a ferment by the bacteria. The 
ferment is soluble in water and precipitable by 
alcohol. It acts on starch in the absence of 
oxygen and is secroted by bacteria in a neutral 
stai^ solution. It does not possess any pepton- 
ising properties, but under different conditions 
the same bacteria can form (1) an amylolytic 
(diastatic) ferment, and (2) a peptonising fer- 
ment (Wortmann, JT, 6, 287-329). Warington 
has shown that Micrococcw gelatinosus, M, 
urecBt B. fluorescens liquescena, soil and Koch’s 
cholera spirillun:^ curdle milk readily without 
producing any appreciable acidity. The curdling 
cannot be due to the formation of lactic acid, 
but points to the secretion of a rennet-like fer- 
ment by these organisms (Warington, C.J, 1688, 
787). Stutzer has likewise found that moulds 
grown in a solution of salts and tartaric acid 
formed albumen and nuclein {S. 6 , 672-674|. 
Yeast, according to Hoppe-Seyler, also forms 
nudlein. * 

Fermentation processes may for our present 
purpose be conveniently classified according to 
• the prinoipiJ products formfd. « 

Ethyl aleohol ie formed from sugars, starch, 
and ^oerin. Butyl, Amyl, Hexyl, 

and Meptyl alcohols are all produced under 
suitable conditions. The formation of mannite 
and gum from sugar, and the ferment oU$ may 
also be included im^tha heading^ alooholio 


Fermentation resulting in the production of 
acid bodies includes the formation of acetic acid 
from alcohol, butyric acid from lactic acid, lactic 
acid from sugar, and nitric and nitrous acids 
from ammonia. Ammonia from urea and the 
ptomaines from albumen are examples of basic 
fermentation. 

The enzymes as we have seen do not form ^ 
such simple products as are produced when the 
fermentation is the result of the action of 
bacteria fi.nd moulds. They may be classified 
into : 1. Sugar-forming, including diastase, 
ptyalin, myrosin, emulsin, invertin, and the 
ferment of the pancreas. 2. Peptone-forming, 
including pepsin, papain, and trypsin. 3. Albu- 
men-forming, the rqore important of which are 
the ferments of the liver and blood and chy- 
mosin. 4. Qlycerine-f arming or t&t-decomposing, 
of which the ferment of the pancreas and 
Fremy's pectase are examples. 6. According to 
Musculus an unorganised ferment exists in 
urine and forms ammonia from urea (Pf. 
12, 214). Mayer {Lehre von den Ghem. 
Fermenten, 1882, 82-91) has examined the 
quantity of enzyme required to produce a given 
amount of decomposition, and has shown that 
the amount of fermentation varies directly with 
the amount of ferment employed. He has also 
established the fact that the enzyme is not 
destroyed by its own ferment action. The 
precise manner in which the chemical ferments 
act has been the subject of much speculation. 
Most of the facts can be explained on a theory 
of action similar to that of sulphuric acid in 
etherification, but a ' contact * theory seems more 
probable. If the enzymes by their presence 
raise the molecular temperatures of Che decom- 
posing molecules to the point at which their 
molecular equilibrium is destroyed, then decom- 
position is produced by rearrangement of energy 
and not by any increase or decrease of the 
amount present in the system. 

1. Alooholio or Vinoai fermentation. Solu- 
tions containing glucose C,H„0,in contact with 
the air at temperatures between 20°-24°0. 
become turbid, give off CO„ and after some time 
have the whole of the sugar converted into 
alcohol. Glycerin, succinic acid, and the higher 
alcohols are at the same time produced. When 
the evolution of carbonic acid ceases tha ferment 
or yeast {Torvula or Saccharomyces cerevisia) 
separates leaving the liquid clear. The separated 
yeast is capable of inducing fresh fermentation 
in further quantities of sugar solution. Cane- 
sugar and milk-sugar also undergo various fer- 
mentations, but they are first hydrolysed by 
the ferment or commercially in other ways. 
Other ferments indueb the vinous fermentation 
of sugar, ey. erythroeym the madder ferment 
(Sohunok, J.pr. 68, 222) besides fungi. Beess 
{Bot. Untersuch. il. d. Akoholg&hnmg^^e) 
gives the foUo^g list of fungi which rndte 
alcoholic tcrmmMaa :-^8aceharomyoes cere- 
visia, 8, elUpaoideiu, 8, paetorianm, 8. opiou- 
latue,8.esnguut, 8,aUAcane,Mycodertna{tmy),. 
Mucor racemosus, Jf. oircuteUiidee, M, emmoeus, 
M. stolonifer, Exoaeoue (Mtorquue (Sa^beok), 
Tonda and Eurotium aepergUm glauoue. 

The following fungi do not form alcohol whan 
•own in sugar solutions :—8aecharomyees 
g1utiinie,Mycoderma (generally), J!7a»aseiifpri4fi<( 
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DmncUvum ptdlulans and Fwmago. The no- 
menclature of the fungi is continually being 
modified, and Hansen of Copenhagen has re- 
stricted the genus Saccharomyces to the three 
species, cereviaia, ellipsoidem, &ndi pastorianus^ 
as they are the only sprouting fungi which form ^ 
ascospores. Chemically yeast consists of cellu- 
lose (35), protein (46), peptone (2), fat 15), ash 
(7), and extractive matter (4) (Nageli ana Low), 
and the various yeasts have approximately the 
same composition. Schutzenberger j((7. R. 78, • 
498) has found that yeast when boiled with 
water yields an extract containing phosphates, 
gum arabin, leucine, tyrosine, carnine, xanthine, 
guanine, hypoxanthine, sarcine.^and a sweetish 
unorystallisable syrup still ^containing nitrogen. 
According to B6champ fresh yeast contains 
neither tyrosine nor leucine (C. B. 78, 646). 
Iloy-Pailhado (C.R. 107, 43) has shown that an 
organic compound named philothion, having the 
property of hydrolysing sulphur in cold solutions, 
is formed in the life processes of yeast. Con- 
centrated methyl alcohol readily extracts it from 
the yeast. Dumas had previously noticed the 
property which yeast has, of forming SHj from 
S. Pure yeast is best prepared by allowing fer- 
mentation to take place in a sugar solution in 
which a quantity of alcohol varying from 6-8 
p.c. has been added, and the temperature not 
allowed to exceed 16°0. Such yeast can be 
grown in a solution rich in albumen at about 
30®C. without any bacteria appearing (Traube, 
B. 9, 183, 1239). Hansen has devised a com- 
mercial method for obtaining pure yeast (Salo- 
mon, J. Soc. Arts, 1888). (For the composition 
of yeast V, Belohoubeok, J. 1875, 898 ; Sohiitzen- 
berger a-Tlestrem, U. B. 88, 287, 383 ; Rommier, 
0. R. 98, 1694.) Vinous fermentation only takes 
place in dilute solutions of sugar, and as an 
increase of yeast takes place in fermentation, 
the liquid in addition to sugar must contain the 
elements necessary to form cellulose and proto- 
plasm (P, K, Mg, Ca, and S) and a nitrogenous 
food. Proteids or peptones are the best form 
for the nitrogen, but acetamide, raethylamine, 
ethylamine, propylamine, asparagine, and leu- 
cine, are all assimilated by the yeast cells 
(Nageli). Oxamide and urea supply nitrogen 
but not carbon, while cyanogen compounds yield 
up their carbon but not the nitrogen to these 
organisms. Formic and oxalic acids are also 
unsuitable for the carbon supply of these fungi. 
Yeast loses a considerable portion of its ferment- 
ing power by pressure, and still more by washing 
with water. ^ • 

Glycerin also deprives yeast of its ferment- 
ing power (Gunning, B. 6, 821). The infiuence 
of the age of the yeast oh fermentation has been 
studied by Begnard (C, R. Soc. Biol. [8] 4, 442). 
Maltose and glucose are the two sugars whion 
are most readily fermentable by yeast. All the 
true Saccharomyces fermenL maltose, but B. 
ixiguus and 8. a/piculatus are unable to decom- 
pose this sugar. The more complex carbohy- 
drates are sometimes hydrolysed or inverted 
before alcoholic fermentation takes place. The 
higher dextrins are hydrolysed into malto- 
dextrin and subsequently split up into maltose 
and dextrin by S. peutoriemus and 8. 6Xlvpsoid.e.us. 
8. cerevisia is unable to resolve malto-d«*.\trin 
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cane-sugar into glucose is apparently brought 
about by a soluble ferment termed invertin. 
which is secreted within the cells of all txm 
saccharomyces (Donath, B. 8, 796). This 
soluble ferment has been isolated in the form of 
a powder. It is not formed by S. apiculatus nor 
by four out of the five varieties of Pasteur’s 
Torula (Hansen). Monilia Candida ferments 
cane-sugar, but there is no invertin formed, the 
inversion being probably due to the secretion of 
some other soluble ferment. Mucor racemosus 
and M. mucedo both set up alcoholic fermenta- 
tion in solutions of glucose. M. racemosus does 
not ferment inulin, but readily ferments the 
levulose prepared from it. The alcoholic fer- 
mentation due tb M. mucedo takes place in the 
absence of oxygen at temperatures between 
25°-28° 0. Succinic acid but no glycerin is pro- 
duced by this fungus (Fitz, B. 6, 48). Dextrin, 
inulin, a,nd milk-sugar do not ferment under the 
influence of mucor. 

The alcoholic fermentation of milk-sugar 
according to Blondlot is brought about by a 
special alcoholic ferment which does not mani- 
fest any action below 20°, and then only when 
the liquid is agitated. A small quantity of 
butyl alcohol is at the same time produced. 
Vieth has also shown that yeast does not readily 
set up alcoholic fermentation in solutions of 
milk-sugar. Kefir grains, which contain a 
bacillus termed Diaspora caucasice by Kern and 
a modified form of 8 . cerevisice, produce a rapid 
alcoholic and lactic fermentation in milk-sugar 
solutions {Analyst, 12, 2). 

Ethyl alcohol is obtained from other sub- 
stances by fermentation. 

According to Fitz (B. 9, 1848; 10, 276; 11, 
42) alcohol is produced when schizomycetes 
are added to a solution of glycerin, mannite, 
starch, dextrin, milk-sugar, or dulcite, but, as 
the fermentation only takes place in the presence 
of some nitrogenous material, pepsin or am- 
monium sulphate is added to the solution. 
Acids are at the same time produced, n-butyric 
acid being the one most frequently formed. 
Quercite yields no alcohol and only n-butyrio 
acid. 

The quantities of the' products formed in 
alcoholic fermentation vary with many condi- 
tions which have not yet been fully determined. 
Glycerin, succinic acid, and traces of high alco- 
hols are almost always produced. An analysis 
of the products obtained bjr the fermentation 
of 100 kUos. of sugar by 8 . cllipsoideua gives 
the following num^ra in grams : 

Ethyl alcohol 60616*0, n-propyl alcohol 9*0, 
isobutyl alcohol 1’6, amyl alcohol 51*0, ethyl 
heptoate 158-0, glycerin 2120*0, acetic acid 206-8, 
succinic acid 452-0, and traces of aldehyde. 
* Small quantities of bases appear likewise to 
be produced, and o»-batyl alcohol and butyric 
acid are frequently formed. An examination of 
the products of the fermentation of sugar solu- 
tions by different yeasts has been made by 
Olaudon a. Morin {Bl. 49, 178-189). Lindet 
(0. R. 107, 182) has shown by experimenting 
with the same yeast on the same wort that the 
amount of higher alcohols produced varies with 
the temperature. The wapmum amount of 
ethyl alcohol is produced at the same teifipera- 
turq AS Uibt wbon the fmovmt ql 
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ligher alcohols is a minimiun ('52 p.o.)« At the 
emperature 26®-27°0. -69 p!o. of the higher 
Joohols was piodaoed. 

Formatioii of the higher alcohols by fermen- 
»tioii,---Pitz (B. 13, 36, 1311) has shown that 
;he sohizomyoetes form n-vropyl alcohol from 
jl^oerin. It is also a oonsu|uent of most fusel 

n-Butyl alcohol has been obtained by the 
same observer by the action of a bacillus allied 
to, but somewhat larger than B. subtilis, on 
glycerin in the presence of CaCO, (B. 11, 42, 
1892; 9,1348). Vigna (B. 16, 1438) has sug- 
gested this formation of n-butyl alcohol as a 
method of its preparation, since the yield is 
9 p.o. of the glycerin used. *• 

IsO‘butyl alcohol has been found in the fusel 
oil from mangolds (Wurtz, A. Ch. [3] 42, 129). 

Isoamyl alcohol is the principal constituent 
of the fusel oil formed in the ordinary f^jrmenta- 
tion of potatoes. Pierre {J. 1871, 832) has shown 
that the higher the temperature of fermentation 
the greater the quantity of this alcohol. An 
active and an inactive amyl alcohol have been 
separated from fusel oil. Iso-butyl and traces 
of other alcohols are also formed (Perrot, A. 105, 
64). In Swedish fusel oil Babutoau has found 
propyh iso-propyl, iso-butyl, iso-amyl alcohols, 
methyl propyl carbinol and liquids boiling above 
132° {Bl. 83, 178) (o. Wyschnegradsky, A. 190, 
365). 

n-Hexyl and n»heptyl alcohols also occur in 
fusel oils (Faget, A. 88, 325 ; J. 1862, 412). 

Lebel has shown that Penicillium glaucum 
acts upon the methyl-propyl-carbinol obtained by 
the reduction of methyl propyl ketone, yielding 
an alcohol which has a hevorotation of -12° 
(Lebel, J. 1879, 492). 

Mannite and gum, under certain conditions, 
are formed from cane-sugar. Pasteur [Bl. 1861, 
30) pointed out that when this mucous fermen- 
tation takes place in solutions of cane-sugar, 
GOj, mannite, and a mucilaginous substance are 
produced. Access ol air and nitrogenous matter 
are necessary for this fermentation. Neither 
acid nor alcohol is produced, and the fermenta- 
tion only takes place in neutral or slightly 
alkaline solutions (Bauer, B. G. 1882, 630). 
This kind of fermentation has been noticed in 
volutions of cane-sugar, beet juice, carrot juice, 
the juice of mangold wurzel, and in lemonade. 
Baudrimont (0. Jb. 80, 1263) observed the oc- 
currence of a spontaneous viscous fermentation 
in a solution of crystallised cane-sugar (v. Hooh- 
stetter, J.pr, 29, 80; Kircher, A. Oh, 31, 337 ; 
Plagne, /. Ph, 26, 248*; Commaille, M. Sci, 8, 
435, 678, 772). 

A white substance resembling cellulose is 
formed under certain conditions in beet jui<^ 
and beet molasses. It is precipitated from the 
solution by the addition if alcohol. Certain 
fatty seeds (rape, colza, <feo.) form cellulose from 
saccharose (Durin, 0. B. 82, 1078; Pasteur, 
• C. B. 83, 176). For the fermentation of oellulost 
itself V. Tappeiner^. B. 24, 106 ; Hoppe-Seyler, 
B. 16, 122 ; Popofif, Pf. 10, 113. 

Leouartier and Bellamy have shown that 
certain fruits and roots under the influence of 
oxygen become the seat of an alcoholic fermen- 
tation characterised by the evolution of carbonic 
add and the disappearance sugar in the 


tissues of the plant cells. ’ From these and 
other experiments Pasteur considered that if 
plants could continue to Uve in an atmosphere 
of carbonic acid they would become ferments for 
sugar. Muntz (0. B. 86, 49), on examining this 
, intracellular alcoholic fermentation of plants, has 
arrived at the following results ; — 1. That plants 
preserved in air give no trace of alcohol. 2. That . 
plants placed in an atmosphere of nitrogen form 
appreciable quantities of alcohol, sometimes 
amounting to 1,000 times the total weight ol 
the plants. 8. That the plants when returned 
to the air remained perfectly healthy. The 
living cell, then, in the higher plants is capable, 
in the absence' of oxygen, of acting like the 
cells of fungi in producing a true alcoholic fer- 
mentation. The volatile oils, which are pro- 
duced by the fermentation of various plants, 
may owe their origin to some such similar action 
of the living cells of the plant in the absence 
of oxygen. They are known as ferment oils, 
and are formed when portions of the plant are 
left to ferment in water, and can then be dis- 
tilled from the liquid. The distillate is then 
saturated with common salt and extracted with 
ether. Little is known as to the constitution of 
these bodies. Berzelius regarded them as pecu- 
liar alcohols related to fusel oil (B. J. 27, 641). 
They have been examined by Bley, Landeror, 
Biiohner, and others. The following is a list of 
the more important plants from which ferment 
oils have been oht&inedi i—Chcsrophyllum syl- 
vestre, Chelidonium majus, Conium maculatum, 
Erythrcea centauritm, Echium vulgare. Erica 
vulgaris, Marrubium vulgare, Achillea Mille- 
folium, various species of Plantago, Quercus 
rohuT, Salix pentandra, Salvia pra^nsvs, Tri- 
folium fibrinum, Tussilago farfara, Urtica urens, 
and Vitia vinifera, A similar ferment oil is 
produced in cellulostasis, a disease of the apple 
(Gw. 14, 413). 

On alcoholic fermentation the reader may 
consult for further information— Amthor, E, 12, 

64 ; B6ohamp, 0. B. 88, 719 ; Berthelot, 0. B. 
89, 806 ; Cochin, O.B. 89, 786 ; 89, 992 ; Giacosa, 

B. 12, 703; Hoppe-Seyler, B. 12, 702; Petit, 

C. B. 73, 267 ; Schiltzenbergor, C, G. 1877, 73 ; 
Schiitzenberger a. Destrem, 0. B. 88, 593. 

The formation of acids by fermentation. 
The conversion of alcohol into acetic avid seems 
to be a catalytic action, as platinum black and 
other finely-divided substances facilitate the 
transfer ol the atmospheric oxygen besides the 
organisms which bring about the same change. 

*Ac€toU8 fermentation takes place in presence 
of a fungus Mycoderma aceti, vinegar plant oi 
mother of vinegar, and a bacterium (B. aceti). 
Both these organisms are usually present, anc * 
apparently the bacterium completes the work of 
the mycoderma. It is believed that the function 
of mycoderma is to convert starch into alcohol, 
and that the iJcohol produced in this or other 
ways forms the pabulum of the B. aceti, which 
causes the oxidation of the alcohol to acetic 
acid. E, Mg, NH4, and H^POi are necessary for. 
the growth of mycoderma (Pasteur, J. 1861, 726; 
1862, 475). The same organisms appear to be 
capable of completely oxidising the acetic acid 
which they form to ^rbonic acid and water, if 
it be not removed. This is especially the case 
if the growth be allowed to link to the bottom 
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of iho Uq^oid* A temperature ranging from 
20®-85® is the best for the change, and above 
60® fermentation ceases. 

The formation of acetic acid at times acoom* 
panies alcoholic fermentation (B6ohainp, J. 1863, 
773 ; Blondeau, 0. B. 67, 953 ; Pasteur, Etudes 
tur la vvnadgret Paris, 1868). Acetic acid is 
also produced, together with butyric acid, in the 
fermentation of a mixture of malt, milk, chalk, 
and rancid meat (Grillone). According to B6- 
ohamp (0. JB. 76, 836) it is normally present in 
milk, together with alcohol, as a product of the 
action of microzymes. 

Acetic acid and butyric acid are formed by 
the action of yeast, at a temperj,ture of 20°- 
80°, on citric acid, to which excess of chalk has 
been added. Putrefying curd and a base effect 
the same change (How). 

LactoiLs fermentation or the formation of 
lactic acid from the sugars— glucose, cane- and 
milk-sugar — takes place when these bodies are 
mixed with fresh sour cheese, or with milk and 
chalk. After some time the lactic acid is itself 
attacked, and H, CO^, and butyric acid are pro- 
duced. The lactic fermentation only takes place 
in a neutral or slightly alkaline solution. This 
condition is obtained by adding chalk or zinc 
white to the sugar solution. Traces of 
mannite are also formed (Fremy, A. 31, 188; 
Boutron, A. 39, 181 ; Bensch, A. 61, 174 ; Lau- 
terinann, A. 113, 242). The decomposition of 
the calcium lactate into butyric acid appears to 
be duo to the action of a bacillus (Pasteur, J. 
18()2, 477). The schizomycctes resolve it into 
proinonic acid (Fitz, B. 11, 1898; 12, 479; 
Strecker, .4. 92, 80), acetic acid, and sometimes 
n-valerianm acid (Fitz, B. 13, 1309). The fer- 
mentation of calcium lactate by the butyric 
ferment of Pasteur yields butyric acid, propionic 
acid, n-valerianic acid, and some ethyl alcohol 
(Fitz, B. 13, 1310). The ordinary lactous fer- 
ment, according to Pasteur {A. Ch. [3] 62, 404), is 
Penicillium glaucum. It resembles beer yeast, 
and is grey in colour, and has been described by 
Pasteur and Blondeau. Free acid retards its 
action, nitrogenous matter favours it, desiccation 
or boiling with water weakens it. All the sugar 
can be converted into lactic acid if ammonium 
salts and phosphates be present. Lactous fer- 
mentation often accompanies vinous fermenta- 
tion (Blonfieau, J. Ph. [3] 12, 257). The change 
may be brought about by the presence of a 
special bacterium (B. acidi lactici) which accom- 
panies the growth of P. glaucum. The conditions 
of lactic fermentation have been examined by 
Bichet (0. B. 88, 760 ; C. J. 36, 663) and 
Berthelot {A. Ch. [3] 66, 351). 

Butyric fermentation.— have seen that 
butyric acid is tlie final product in the lactous 
fermentation of sugar solutions. The conversion 
of lactic into butyric acid is accompanied by tho 
evolution of hydrogen and carbonic acid, and 
butyl alcohol is also produced. # The ferment, 
according to Pasteur, is a bacillus {C. B. 52, 844), 
wMoh requires no oxygen for its life, and is not 
^led when carbonic acid is passed into the 
liquid. Ammonia and phosphates are necessary 
for the development of this fermentation (Pas- 
teur, Bh 1862, 52). BSchamp attributes the 
change to a ferment existinjl^in the chalk which 
is added (Bl. [2] 6, 484), and Baudrimont to an 


unorganised ferment (0. B. 80, 1253). Boeliui 
(B. 8, 634) has observed that butyric fermonta* 
tion accompanies the evolution of marsh-gas and 
ammoma, when plants are immersed in water free 
from air. Twigs of Elodea canadensis immersed 
in sugar syrup set up a fermentation which 
gives butyric acid, butyric ether, carbonic acid, 
and hydrogen (Schiitzenberger, C. B. 80, 828, 
497). According to Fitz (B. 9, 1348), glycerin 
saturated with calcium carbonate undergoes fer- 
mentation, yielding butyric acid, rt-butyl alcohol, 
and traces of ethyl alcohol. Fibrin also forms 
ammonium butyrate by fermentation (Wurtz,il. 
62, 291), and Fitz has found that pepsin and 
glycerin, in presence of chalk, is fermented by 
schizoniycetes at- 40° into n-butyl alcohol, n- 
butyric acid, besides traces of ethyl alcohol and 
a higher acid, probably hexoic (B. 9, 1348 ; 10, 
276; 11,42). Pribram (J. 1879,614) has formed 
butyric acid by the action of the ferment of 
calves’ liv^r on starch paste, and Fitz has found 
that B. subtilis ferments potato-starch contain- 
ing salts into butyric acid and small quantities 
of alcohol, acetic and succinic acids (B. 11, 62). 
Other contributions to our knowledge of this 
kind of fermentation are by Iljenko a. Laskowsky, 

A. 65, 85 ; Iljenko, A. 63, 208; Grillone, A. 165, 
127. 

Gluconic acid is produced by the fermenta- 
tion of glucose solutions by My coderma aceti 
(Boutroiix, C, R. 91, 230). Maumen6 contends 
that this change is merely oxidation, as copper 
acetate and mercuric oxide give similar results 
(C. R. 91, 331). 

Nitrification. The term given to the oxida- 
tion of ammonia to nitric ajui nitrous acids by 
an organism or organisms present in the soil. 
The formation of nitre in nature, and artificially 
in nitre beds, is due to the same cause. Many 
experiments have conclusively proved that the 
direct combination of oxygen and nitrogen does 
not take place to any large extent in nature, and 
even ozone appears to bo incapable of oxidising 
nitrogen. Kublmann was the first to explain 
the presence of nitric acid and nitrates in the 
soil as due to the oxidation of ammonia. This 
theory is now he)d, but the oxidation is indirectly 
brought about by the action of organisms. The 
first suggestion that the oxidation of ammonia 
and organic nitrogen in the soil is the work of a 
living organism was made by Pasteur in 1862. 
Muller, in 1873, showed that the ammonia of 
sewage and of impure well waters changed spon- 
taneously into nitric acid, whereas solutions of 
puro ammonium salts and urea remained un- 
changed. Schlcosing and Miintz (C. B. 77, 203, 
333 ; 84, 301 ; 85, 1018 ; 86, 982 ; 89, 1074) 
have established this hypothesis by experiment, 
and Warington (C. J. 33, 44 ; 36, 429 ; 46, 658 j 
5b, 118), at Bothamsted, has shoym that the 
nitrification in soil ^d in waters is due to axk 
organised ferment. Tne organism is destroyed 
at 100°0., and by CHCI3, CSj, and phenol. 
Penicillium glaucwg^, Aspergillw niger^ Mucor 
i^ucedOf M. racemosust Mycodenna vini and if. * 
acetif as well as the ordinary Itorms of bacteria 
present in the atmosphere, are all incapable of 
effecting nitrification. Schloesing and Miintz 
state that they have isolated the organism in 
minute round or slightly elongated oorpuscles, 
which multiply by budding, and appears to be a 



644 


FIMENTATION AND PUTUEl^AUi iv.,. 


miorocooous. The fermentation takes place In 
presenoe of alkaline oarbonates or caloiam car- 
bonate. Besides the humic matter of soil, lar- 
tario aoid» sugar, alcohol, glycerin, and albumen 
are effective as food for the growth of this or- 
ganism. Light is not favourable to nitrification. 
The change commences slowly, gradually attains 
a maximum of energy, anA then becomes slow 
again. The formation of nitrous acid by this 
organism is rare in the soil, but frequent in 
liquids. The influence of temperature, concen- 
tration of the solution, depth of liquid, propor- 
tion of organic carbon, and degree of aeration 
has been studied by Warington and the French 
observers. Warin^on (0. J. 1888, 727-755) has 
tested for nitrates in cultivations of upwards of 
twenty organisms with negative results. Heneus 
{Zeit, f. Hygiene, 1886, 193) has, however, suc- 
ceeded in isolating two or three organisms which 
he states induce the formation of nitrite in urine 
and in mineral solutions containing ammonium 
salts. Percy Frankland has not succeeded in 
isolating the organism; Leone, on the other 
hand {Atti d. B. Accademia d, Lincei, 1887, 
37), concludes from his experiments that all 
micro-organisms are more or less capable of pro- 
ducing nitric acid, and that the same organisms 
in the presence of organic matter are capable of 
reducing nitrates. CelH a. Zuco {Gaze. 17, 99), 
Frank {Forsch. a. d, Oebiete d. Agriculturphysik, 
10, 661 and Adametz [I c. 1886, 381) may also bo 
consulted for further information on this subject. 

Bases produced by Fermentation. 

1. Ammonia from Urea.— The ammoniacal 
fermentation of urea which takes place in urinals 
is due to the action of a bacterium (B. urea;). 
The urea is converted into ammonium carbonate, 
but the change only takes place when mucus or 
other organic substances are present, as urea 
dissolved in pure water remains unaltered. In 
presenoe of yeast the change takes place very 
quickly (Schmidt, A. 61, 168). According to 
Musculus (B. 9, 357) an enzyme is present in 
the urine of persons affected with catarrh of the 
bladder, which also brings about this change. 
It is precipitated by alcohol as a coagulurn re- 
sembling fibrin, and decomposes urea completely 
into carbonic acid and ammonia at 35'^-40^. It 
has also the power of decomposing hippuric and 
uric acids, creatine and guanidine. Its action 
ceases in the presence of dilute HCl and most 
other acids, but small quantities of phenol have 
no retarding action. Dilute alkalis and sodium 
chloride have no influence. More recently the 
presence of ferments in normal urine has been 
confirmed by Stadelncann {Z. B. 24, 226, 260). 
He finds that pepsin is always present in normal 
urine, but in no instance has trypsin been 
discovered. This conclusion agrees with that 
arrived at by Leo ^ Hoffmann {Fr. &7, 
123), and is oontrar^^ the experiments of 
Grfitzner and his pupita Sahli, Gehrig, and 
Holovtschiner. Baw fibrin does disintegrate in 
urine, even in th^, presence of thymol, 
owing, no doubt, to bacteria in the fibrin ; but^n 
DO instance did d^estion or disintegration take 
place when boiled fibrin was used. 

Warington has tested the ability of over twenty 
organisms to hydrolyse urea. A sterilised 25 p.c. 
solution of urine was employed. Micrococcus 
(B.) urea gave a considerably inoreaw of alka- 


linity, and B. fluorescons noii-liquescens a some- 
what smaller increase. Arable soil gave a much 
larger increase than either. The other organisms 
used had no effect (‘The Chemical Actions of 
Some Micro-organisms,’ Warington, C. J. 1888, 
727-755). 

2. Ammonia from Nitrates and Nitrites. 
Partial reduction of Nitrates.— Uexxeel (A. [6] 
7, 287) observed that water containing nitric 
acid and carbohydrates, and originally free from 
nitrites and ammonia, contained the latter 
after beitig subjected to the action of baotoria ; 
and that water, freshly distilled and mixed 
with sugar, was not found to reduce nitrates 
when the air was excluded from it. Percy F. 
Frankland has recently shown {G. J’.63, 873) that 
out of thirty -two different micro-organisms ex- 
amined sixteen or seventeen have the power of 
reducing nitrates to nitrites more or less com- 
pletely. The absence of air has no influence on 
the result. In many cases the change is'^a 
quantitative one. Ammonia was also sometimes 
formed ; but it was due to the decomposition of 
the peptone, which was the only other nitrogenous 
ingredient present. B. ramosus and B. pestifer 
have very marked nitrate to nitrite reducing ac- 
tion. The yield of nitrite was augmented by 
increasing the amount of sugar and peptone 
present. B. aguatilis does not reduce nitrate to 
nitrite, but causes the disappearance of nitric 
nitrogen, the deficiency not being accounted for 
by the small quantity of ammonia which was 
generated in the solution. According to Waring- 
ton, the organisms which appear to possess the 
greatest power of reducing nitrates to nitrites 
are B. floccu\ B.fluorescens non-liquescens, B. 
of swine fever, M. wrew, M. gelatinesus, Staph, 
caiuiidus, and Staph, luteus. The following also 
reduce nitrates freely; B. termo, B. of typhoid 
fever, B. of infantile diarrhoea, B. of cholera, 
B. of septicfiemia, B. anthracis, B. Deracke’s 
comma, and St<i]^h. albus liquescens, B. subtilis 
yields no nitrite m a urine solution, but forms a 
trace of nitrite in broth after some time. Strep- 
tococcus scarlatina yields a mere trace of nitrite 
in broth cultures. B.fluorescens liquescens, B. 
toruliformis, B. sulphureus, B. Finkler’s comma, 
B. comma noma and M. au/reus, failed entirely to 
effect reduction to nitrites (Warington, 0. J. 
1888, 727-766). 

3. Bases formed in fermentation.-^Tommaa 

bases having properties resembling the alkaloids 
are produced in putrid fermentation, and also in 
small quantities in alcoholic fermentation. 
T^e bases formed in the putrefaction of meat 
and fish are known as ptomaines, and a con- 
siderable amount of literature on their formation 
and properties now exists, which it is impossible 
to deal with in the present article. Gautier a. 
Etard (O.B.94, 1698) have shown that the com- 
plex phenomena of putrid fermentation may be 
regarded as brought about by the hydration of 
the complex dlbuminoid molecules into simpler 
molecules. Two compounds are apparently first 
formed, one of which is stable and gives rise to th« 
glauco-proteins and leucines, to which Schfitzen 
berger attributes the formula whils 

the other is unstable, and decomposes rapid! 
into NH„ CO,, formic, acetic, and oxalic acids. 

In Schfitzenberger’s method of hydratio 

with barioin hydrate, the amides are not 
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drftted, boi biioteria in putrefaotion slowly change 
^«m into ammoniaoal salts. The crystalline 
body 0„Hg|N,0, produced abundantly in the 
putrefaction of fish also undergoes hydration 
when similarly treated. Putrefaction being essen- 
tially a process of hydration it follows that the 
aromatic derivatives and the bases produced 
during fermentation pre-exist as nuclei in the 
fleCh. The bases formed in the putrefaction of 
the skate can be obtained by acidulating the 
liquid prc ducts with sulphuric acid. On evapora- 
tion, m vactLO, indole, phenol, and othef’ volatile 
products are removed and the residue, after 
treatment with baryta, is extracted with chloro- 
form. The bases are colourless oily liquids and 
resemble those described by Selmi. They have 
an odour like that of the carbylamines and hydro- 
collidine. By fractionation two bases, 0,53, jN 
and C„H,jN, have been isolated. The latter 
(110°) closely resembles Cahours’s and Etard’s 
Ifydrooollidine, with which it is probably iso- 
meric. Two bases having the formula CjHpNOj 
and OjHjjNO, have similarly been obtained from 
the products of the putrefaotion of dcsh and fibrin 
(Salkowski, B. 12, 648; 16, 1191). Brieger (B. 
16, 1186) has extracted from putrefied horseflesh 
the bases OsHuN, and CjHuN. A base having 
the formula (171°) and soluble in most 

solvents has been isolated by Morin from the 
products of alcoholic fermentation. It forms a 
double Pt salt and gives precipitates with the 
usual alkaloid reagents (C. B. 106, 360). Its 
toxic effects have been studied by R.Wurtz ((7.R. 
106, 363). Tanret considers this base identical 
with (flj-glucosine obtained from glucose and 
ammonia (C. B, 106, 418). An examination of 
the amount of nitrogen bases present in fer- 
mented liquids (brandy, rum, <&;c.), has also been 
made byLindet (C. B. 106, 280). 

Sugar .forming ferments. The more impor- 
tant chemical ferments which belong to this 
group are diastase, ptyalin, myrosin, emulsin, 
invertin, animal invertin, and one of the fer- 
ments which exist in the pancreas. They are 
found in the animal and vegetable kingdoms, in 
the former they are secreted by some of the prin- 
cipal organs, in the latter they occur in various 
parts of the plant. Tlie sugar produced may be 
either dextrose or maltose, and the substance 
decomposed differs with the different ferments, 
starch, cane-sugar, and the various glucosides 
being the more important; we have already seen 
that the enzymes may be isolated by precipi- 
tating the aqueous extracts of the organs con- 
taining them with alcohol. They are also mostiy 
soluble in glycerin, which may be used to ex- 
tract them from the finely divided material. 
The glycerin extract is themdropped slowly into 
strong alcohol, and the precipitated ferment 
collected. The chemical composition of these 
bodies has been investigated by Erauch, Dubvun- 
faut, HfifDer,Donath, Barth, and others, and from 
their analyses it is known that the^ all contain a 
considerable percentage of nitrogen. Invertin, 
emulsin, and the ^astatic pancreas ferment also 
contain sulphur. The influence of temperature 
and light upon their action has already been 
alluded to. Dried diastase can be heated to 158°, 
and the pancreatic ferment to 162°, without 
destroying their fermentative property. The 
amount of work whioh they are able to perform 
* Von, n. , 


in a given time is, however, diminished by heat* 
ing above 100® (F. Hfippe, 0. 0. 1881, 746). 
Chloroform, carbon bisulphide, ether, pmaiic 
acid, do not retard the action of these torments, 
but most acids and alkalis hinder their action. 

All salts and bodies which coagulate albumen 
•have the property of stopping t& kind of f«r- 
mentation. The tohemical change brought 
about by the sugar-forming enzymes is one of 
hydrolysis. Diastase, ptyalin, and the diastatic 
pancreas ferment convert starch or glycogen 
into a sugar (maltose) and dextrin. The pan- 
creatic ferment and ptyalin yield a dextrin 
(achroodeztrin) which differs from the dextrin 
obtained by means of diastase in not re- 
acting with iodke (Naffe, P/. 14, 473). In- 
vertin converts cane-sugar by hydrolysis into 
dextrose and levulose. The ferment action of 
emulsin consists in the hydrolysis of the glucos- 
ides. Glucose is the constant product of the 
action. The following are those decompositions 
whioh are best established. Salioin to saligenin, 
helicin to salicylic aldehyde, arbutin to hydro- 
quinone and methylhydroquinone, amygdalin to 
benzoic aldehyde and prussic acid, coniferin to 
coniferyl alcohol and daphnin andconvolvulin are 
similarly hydrolysed by emulsin. Nencki is of 
opinion that in hydrolysis the water is split into 
hydrogen and hydroxyl by emulsin {J. pr, 17, 
10 . 3 ). Myrosin appears to determine the breaking 
up of the molecule of potassium myronate or of 
the free myronio acid into mustard oil, sugar, 
and sulphate without the assimilation of the ele- 
ments of water. It seems probable that with 
further investigation the formula of myronio 
acid may be modified and that this ferment 
change will also be found to be one of hydrolysis , 
(Will a. Kdmer, A, 125 , 263 ; Franchimoni’s 
Kort Leerboek). 

Peptone-forming torments. Digestion.— -The 
peptone-producing ferments, pepsin, trypsin, 
pepsin (of plants), and papain, convert albumen 
into peptone. This change apparently is brought 
about in a similar manner tq those of the last- 
mentioned group, the elements of water being 
taken up by the albuminoid substances. Other 
bodies besides peptone are produced, trypsin and 
papain yielding crystalline amido- compounds 
(leucine). Wurtz is of opinion that papain acts 
by combining first with the fibrin, and that an 
insoluble product is thereby produced, whioh by 
the action of water is reconverted into the tor- 
ment and soluble substances rdlsulting from the 
hydration of the fibrin (Wurtz, C. B. 91, 787 ; 

93, 1104). Pepsin also seems to first form an in- 
soluble compound with fibrin, whioh is subse- 
quently broken up by water. Certain bacteria 
resemble these enzymes in their action, and pro- 
bably have this property from secreting a similar 
fefment. The princips4 albumen-forming fer- 
ments are the liver fevment, the blood ferment, 
and chymosin. Ferments analogous to the liver 
torment exist in the vegetable kingdom. The 
conversion of oasein^to cheese by rennet is an • 
example of this class of fermeptation, and from 
the analyses of these two bodies it seems pro- 
bable that in this case also the change is one ol 
hydrolysis. A ferment similar to that existing 
in the liver is found in certain plants,^ notably in 
OxdUs Ac6tx>sella, 0. stricta, Oinium atyem, 
Bumex PaHeiUiat in the leaves of arUcih6k#|i,an4 
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in the leede of black pepper and Willuimia co- 
agukms, Oertain bacteria separate a ferment 
which behaves like chymosb. 

A ferment also exists in the pancreas, which 
is capable of decomposbg the fats into gly- 
cerin. Not only are the triglycerides attacked, 
bat complex moleonlea like lecithin are also hy. 
drolysed. i 

Antiferments or Antiseptios.— Many bor- 
ganic and organic substances have the property 
of arrestii^ or hbderii^ fermentation. They 
act by ki ll ing the organisms which bring about 
the^ fermentation, and most of the substances 
which have poisonons properties have also anti- 
septic properties. In the earlier experiments it 
was noticed that while creoacte and phenol ar- 
rested the development of fungi and germs fer- 
mentation still proceeded, and Buchholz (/. 1867, 
742) found that milk tamed sour when phenol 
was present. Naonyn (/. 1865, 606) noted that 
benzene interfered with the action of yeast on 
sugar solutions. Pienkowsky (/. 1865, 606) ex- 
amined the antiseptic action of a considerable 
number of salts on meat with the following re- 
sults : — 

No antiseptic action : 

Alum, A1 ..SSO,, Na^PO,, Sr2NO„ Ba2NO„ 
(NH0,OjO«, NajCjO*. BaClj, Na„SO„ NajS.Oj, 
NH,NO,. KC10„ Na,SO„ k;SO„ MgSO„ 
(NH4),S04, Mn(AcO)3, and As^O,. 

Debyed putrefaction for one month : 

KAcO,NaAcO, Ca(AcO)„ NaCl,NHASnCl„ 
MnCl,, ZnOlj, ZnSO^FeSO,, K, SO,, and Pb2NO,. 

Delayed putrefaction for more than six 
months: 

NHAc03a(AcO)„CaCl„CuCl„HgCl2,CoSO„ 
Pb(AcO)„ ]^Cr,0„ anilbe nitrate, phenol, and 
acetic acid. 

Formic acid, according to the same bves- 
tigator, is a powerful antiseptic for sugar solu- 
tions. Seveii (Z. [2] 4, 286) has examined the 
antiseptic action of be animal secretions. Alco- 
holic fermentation and putrefaction are arrested 
by gastric jaice, Ipit not by pepsin. Lactous fer- 
mentation is not retarded by either reagent. 

Boric acid and most of its compounds have 
antiseptic properties. Dumas found that borax 
prevents the action of yeast water on sugar, of 
aynaptose on amygdalb, and of myrosin or my- 
ronie acid. Calcium borate and boric acid either 
alone or mixed with glycerin prevent the for- 
mation of mildew and the putrefaction of meat. 
Uereurio oxide Appears to be the most powerful 
of all antiseptics, and next to it mercuric chloride. 

Anumg organic bodies phenol, chloral hy- 
drate, ohlorofonu, stflioylio acid, benzoic acid, 
hydrocyanic acid, and thymol, all have marked 
antiseptic properties. 

Of the haloids, qubbe prevents, while nico- 
tine aoeelerates fermentation. Calvert (Pr.^20, 
X91) found that on the ad^tion of one boussndth 
part of the loUowbg atituepties to a solution of 
albumen he obtamed the following results 

1. Phenol and oreeol pisvented the growtl) of 
fotud an d bacteria. 

2. ZnOL and sbo phenol sulphonate 
prevented the development <h vibrios, but did 
mri stop the production of fungi. 

. %, OaO, qubbe sulphate, pepper, and HCN, 

tied the growth of tihrioi, 1ml aUowed the 
toderslop. 


4. Those which had no preventive aetioa 
(under these conditions). SO„ H-SO,, BNOg, 
A8,0„ AcOH, KHO, NaHO, NH,, 01, NaOl, CaOl, 
A10l„ Ca(OCI)Cl, KClOj, CaSO„ FeSO„ CaSO*, 
Na,S,0„ NaJlP04, Ca,2P04, KMn04, K and Na. 
Phenol Bulphonates, picric acid, turpentine, and 
wood charcoal. Sodium sllioate (Babuteau a. 
PapUlon, C. JB. 76, 766) prevents the alcoholic 
fermentation of grape-sugar, and the fluosilicatel 
have also oonsideraole antiseptic properties. 

Salts of bismuth even in small quantities 
completely prevent secondary fermentations in 
worts (Gayon a. Dupetit, 0. i?. 103, 888-886). 
The bfiuenco of calomel on fermentation and 
the life of micro-organisms has been carefully 
studi^ by Wassilieflf (F. 6, 112-184). The com- 
parative antiseptic properties of HgCy„ mercury 
oxyoyanide, and HgCl„ have been determined 
by Chibret (0. R. 107, 119). Ratimoff (/. Ph. 
[6J 11, 83-90) has determined the limits between 
which lie the minimum quantities of various 
antiseptics required to kill and to prevent the 
development of microbes and bacteria in certain 
media. 

The relation of antiseptic power to chemical 
constitution has been mvestigated by J. R. Dug- 
gan {Ant. 7, 62-64) by noting the amount of sub- 
stance required to prevent fermentation by baciU 
lus subtilis in a solution of beef peptones. The 
following numbers show the relative antiseptic 
values of the materials used : Salicylic acid, 4 ; 
m-oxy-benzoic acid, 6 ; jp-oxy-benzoio acid, 8 ; 
phenol, 20 ; pyro-catech, 20 ; resorcin (26) ; hy- 
droqubone, 30 ; pyrogallol, 16 ; methyl alcohol, 
300 ; ethyl alcohol, 600 ; normal propyl alcohol, 
200. Of the three phenol sulphonic acids the 
ortho-acid only has antiseptic and^disinfeotmg 
properties in a marked degree (Vigier, J. Ph. [6] 
11, 145-152, 214-217). Phlorogluob is pos- 
sessed of no antiseptic properties, whereas py- 
rogallol is poisonous, and resorcin coagulates 
botii vegetable and animal albumen (Andeer, 
C. C. 1834, 340-341). A paper by G. Marp- 
mann {Ar. Ph. [3] 20, 906^924) deals with the 
methods for determining the vitality of those 
bacteria which cease to move when dead, and 
points out the difference between antisepsis and 
disinfection, and gives a list of the literature on 
the subject to 1881. 
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TSBBATES. Salts of the hypothetical /stk 
ooief HJeO.. Keitber the acid sor its anhydrid 
(FeO,) bat been isolated. 

Stahl noticed b 1702 that a violet tobtbn I 
obtabed by fntbg bon with saltpetre and watl 
bg with water, or & adding a station of ire 
b HNO« to oone. KOSAq. 
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Erom measurements of the 0 evolved and the 
Fe,Os formed in the decomposition of K ferrate, 
Fremy gave the formula FeO, to the hjpothetioal 
acidic radicle of the ferrates ; this was confirmed 
by H. Bose, who determined the quantity of I set 
free from El by reaction with Ba ferrate (A, 48, 
230). 

The ferrates have been examined by Fremy 
12, 23; 14,442 ; 16, 1106; 16,187); H. 
Bose (il. 48, 230; P. 69, 316) ; Denham Smith, 
(P. M. [3] 23, 217); Mera (J. jpr. 101, 269); 
Poggendorll (P. 64, 873). 

Barium ferrate, BaFe 04 .]^ 0 , has been ob- 
tained as a solid. The compositions of the soluble 
K and Na ferrates were deduced frdm estimations 
of the ratio of Fe ppd. as FejO, to 0 evolved by 
decomposing the solution by heat (Fremy, Den- 
ham Smith), and also by reducing by SOj and 
then estimating the ratio of FejO, ppd. to SO 4 in 
solution (H. Bose). 

Barium ferrate BaFeOi-HjO. Obtained as a 
purple-red powder by adding BaCljAq or 
Ba(NO,)jAq to KjFeO^Aq, washing, and drying 
(Denham Smith). It is more stable than K^PeO, ; 
decomposed by HNO,Aq, slowly by l^SO^Aq; 
sol. in acetic acid, forming a red liquid, which 
evolves 0 on heating ; scarcely decomposed by 
organic salts. 

Potassium ferrate, KjFeO^Aq. Prepared by 
heating 2 pts. KNO, in a large Hessian crucible, 
arranged so that only the bottom is heated to 
dull redness, and throwing in 1 pt. iron filings ; 
the fused mass is extracted with cold water in a 
closed vessel (Fremy). More conveniently pre- 
pared by passing a rapid stream of 01 into cone. 
KOHAq warmed to about 40'^, holding FeO^H, in 
Buspensiorf; Merz {lx.) recommends to dissolve 
6 pts. KOHinSpts.HaO.and toaddSpts.FeCl^q 
of S.G. 1*109 ; excess of 01 must be avoided. 
According to Fremy, crystals of K.^eO, may be 
obtained by making the KOHAq very cone., and 
adding EOH from time to time as the 01 is 
passed in ; the crystals may be freed from KOI 
by solution in water and ppn. bjr potash, they 
may then be dried on a porous tile and kept in 
sealed tubes. Poggendorff (I.c.) says that crys- 


KMn 04 Aq, e.g. alcohol, sugar, albomea, potat- 
slum tartrate and oxalate. 

Sodium ferrate Na,Fe 04 Aq. Solution bb* 
tained similarly to K,Fe 04 Aq. 

M. M. Pt Mt 

FEBBIC OOMPOTJirBS v. Iron. * * * * 

FEBBICTAKIBES and FEBBOOTAKIBES.. 
Salts of ferricyannydrio acid J^eOy,, and 
ferroeyanhydric acid H 4 FeOyf, u. pm 838, 337. 

FEBBITES. Ferric oxide FejO, forms com- 
pounds with several metallic oxides more basic 
than itself ; these compounds belong to the 
form Fe 30 ,.M ,0 and FojOi.MO, where M,»K, 
and Na,, and M»Ba, Ga, Gu, Mg, or Zn ; 
they are analogous in composition to the 
aluminates (q.u.^ol. i. p. 141), and may be re- 
garded as metallic derivatives of the hydroxide 
Fej 04 H,( «= Fe,0,^0). 

Barium ferrite Ba 0 .Fe 20 ,»BaFe 204 . Ob- 
tained bjiList {B. 11, 1612), by ppg. FeGl,Aq by 
BaOAq, as a brown, magnetic solid. 

Calcium ferrite Ga 0 .Fe 20 g - GaFcjO.. Percy 
(P. M. [4] 46, 466) obtained this salt m metal- 
like lustrous crystals, S.G. 4*693, by heating 
equal parts of GaGO, and FejO, to white heat for 
several hours. List (B. 11, 1512) obtained the 
compound as a brown solid by adding GaOAq to 
FeGlj,Aq, washing with GaOAq, and heating (v. 
also Pelonze, A. Ch. [ 8 ] 33, 5 ; also Rousseau a* 
Bernheim, G. B. 106, 1726). 

Copper ferrite Gn 0 .Fe 20 ,=>GuFe, 04 . A 
brownish-black, magnetic solid; by adding 
KOHAq to a mixture of GUSO 4 and FeOl, in 
quanti^ sufficient to ppt. all Cu, drying over 
H 2 SO 4 in vacuo, and heating (List, lx.). 

Magnesium ferrite Mg 0 J?e 202 »MgFe 204 . 
Occurs native as Magnoferrite. Obtained by 
mixing equivalent quantities of MgS 04 and 
NaOH and adding FeCljAq until the liquid is 
still slightly alkaline, and heating the pp. 
strongly (List, l.c.). Kraut (0. C. 1864. 1088) 
obtained Fe 2 Oa. 6 MgO. 9 H 2 O by adding 6 equivs. 
MgSOa and 1 equiv. of a ferrous salt to excess of 
KOHAq, S.G. 1*1, boiling fesr some hours until 
the pp. was white, and drying at 120 ®. 
Potassium and Sodium ferrites 



porcelain is placed 
potash Bcjution is poured into both vessels, a Pt 
plate, which serves as negative electrode, is im- 
mersed in the porous cylinder, and the positive 
electrode is a plate of wrought iron (not steel) 
which is placed in the beaker ; when a strong 
current is passed, the liquid round the positive 
pole becomes dark red, and crystals of K ferrate 
form on the iron plate, Bloxam {0. N. 64, 43) 
says that a solution of KJPe(^ may be obtained 
by adding a fragment of EOH to a little FegOL 
and then a few drops of heating gently and 
dissolving in water. 

A cone, solution of K 2 Fe 04 is^eep red ; it is 
stable especially if a little KOH oe present; on 
dilution and warming, FeO,H, is p^, and 0 is 
evolved; the solution is decomposed byamds; 
it reacts towards 80,|Aq, Ac., as an oxidiser; 
the solution is decolourised by metals and many 
salts ^ earth-metals, $.g* alpm ; it is also 
deoolourise4.bF NH|Aq with evolution of N; 
the solution aota M an oxidiser towards 
orgMiio ooinpqp^ Fhidh azt oxidiaad by 


108, 19; List, B. 11, 1612). Rousseau a. Bem- 
heim (0. B. 107, 240) describe KaOJFojO, as 
transparent, red-brown crystals; obtained by 
mixing crude K ferrite (best that made by fusing 
FeO,H, with 4 parts K 2 GO,) with twice its weight 
of KGl, and heating strqpgly until most of the 
KGl is volatilised. Other crystalline compounds 
of Pe,0, with K,0 and xRfi were obtained by 
heating FeB 04 with an equal weight of Ed, 

. Zinc ferrite ZnO J’e.O, - ZnFe 204 . Occurs 
native as FrankliniU. Obtained as minute, 
black, octahedral c^tals, which are sUghOy 
magnetic, by heating to whiteness for 4 days a 
mixture of 1 pt. Fe-Oi, 2 pto. ^0, wdjMbis. 
fwsed H»BO„ and fteating with dilute SKllAq* 
S.G. 5*182 (Ebelmen, A. Oh. m 88 , 47 ; f. also 
Daubr4e, 0. B. 89, 158; Beidi. 7. jpr. 88, 266; 
and List, B. 11, 1512). , 

Ferrites of lead, mangime^ 
also to exist { 9 . Idst, La| EL Boas, P. 10^ 895 \ 
Flsohfr,S. 56^861). 

irir2 



BKBUC iCID C„Hj,0, U 
l1CA(OM6)(OH).Oa-CIH.OO,H. Mol. »• 
(169^). Occurs ia asafcstida, from which u is 
Ined by ppg. the alcoholic tincture with lead 
lie and decomposing the resulting lead salt 
(Hlasiwetz a. Bar^, A, 188, 64). OK* 

M ahK) by boiling its acetyl derivative with 
ions KOH. Long trimetrio four-sided needles 
n boiUng water). V. si. sol. cold water, v. 
cold alcohol, m. sol. ether. Its aqueous 
tion is ppd. by Pb(OAo)2 and by FejCl,. 
tnoniacal AgKO, gives an egg-yellow pp.; 
iction takes place on boiling. Potash-fusion 
)8 protocatechuio and acetic acids. It re- 
es boiling Fehling’s solution. Sodium- 
nlgam reduces it to ^ydroferulio acid 
I,(OMe)(OH).CH5.CH,.CO,H [90 1. 

Salts.™ NHjA'aq : laminaB.™ KA' (at 110°); 
aw-yellow deliquescent crystals. — AgA'. 
Acetyl derivative < 

H,(OMe)(OAc).CH:CH.COjH. [197°]. ^e- 

red by boiling a mixture of acetyl-vanillin 
pts.), NaOAc (6 pts.) and Ac,0 (15 pts.) for 
hours (Tiemann a. Nagai, B. 11, 650). Vanil- 
1 may be used instead of its acetyl derivative, 
ender needles, v. sol. alcohol and ether, si. sol. 
ater. 

Iso-ferulio acid i.e. 

t:3:l] C,H,(OMe)(OH).CH:CH.CO,H. Hespere- 
ic acid. [228°]. 

FormatioJU—1. By the action of Mel and 
;OH on caffeio acid (Tiemann a. Nagai, B. 
1, 664).— 2. Together with phloroglucin by 
Kriling nesperetin with dilute NaOH. 

Properriea.— White needles or plates. Sol. 
iloohol, ether, and hot water, si. soL cold water, 
)enzene, and chloroform, insol. ligroin. 

JBeocfwws.— 1. Fused with KOH it gives pro- 
locatechuic acid.— 2. By reduction it gives 
hydro-isoferulio acid [146°]. On heating it gives 
CO, andhcsperetol {C,H3(OMc)(OH).CH:CH...}. 

Salts.— A',Ca2aq: sparingly soluble needles. 
— A'Ag ; slightly sol. pp. The salts of barium, 
zinc, copper, aSid lead are also sparingly 
soluble pps. 

Methyl ether A'Me. [79°]. Colourless 
needles. Soluble in alcohol. 

Acetyl derivative 

C.H,(OMe)(OAo).CH!CH.CO,H. [199°]. Colour- 
less plates. Soluble in alcohol and ether, in- 
soluble in water. On oxidation with KMnO^ it 
gives isovanill^p acid. 

MeihyUieoferulic acid 
aH .(OMe)«CH:CH.CO,H. V, Vol. I p. 669 (Tie- 
mann a. WiU, B, 14,^6). 

FSBXniC ALBEHYDB C„H„0, t.e. 
[8:4:l]OA(OMe)(OH).CH:CH.CHO. [84°]. From 
its gluooside by treatment with emulsin at .H5° 
(Tiemaim,B. 18,8484). Yellow needles. Sl.^ol. 
eold water, t. aol alcohol, ether, and benzene; 
inaoL ligroin. OombiAs with NaHSO^ Its 
aoneons solution is coloured green by FeOl„ and 
on boiling with FeCl, mves off an odour of 
▼aniUa. . 

Qlueoiidm OicHmO. io. 
0A(OM«)(O.0,H..(Ciy0fe0H.0H0. [203a 

the ^ucosiA of vaaillis by treatment with 
NaOH and aldehyde (T.l. YeUow 
(eontaining 2aq) (from water). SI. sol. 
eold water, t. sol. aloohofiiteo^ ehloro* 


Oxtmiflh* flueotiit 

O. H.(OM«)(OO.H„0.)OH:CH.OaHOE [IMT. 
Ne.dlea, a. wl. cold water, m. •M. alcohol, ia- 

soli ether. 

Phenyl hydratide of the gluooside 

CJI.(0.\fe)(OC.H„OJ.OH:CH.CH:N,HPh.[212°] 
Amorphous, v. sol. alcohol, v. si. sol. water and 
ether. 

FIBRIN V. Protuids and Blood. 

FIBRINOOEN v. Proteids. 

FIBStINOPLASTIN v. Proteids. 

FIBROIN V. Proteids, Appendix 0 » 

FICHTELITEC,3ll„orO„H,«. [46°]. (above 
320°). A fossil resin found in the Fichtelgebirge. 
It is a hydro-carbon containing from 87 to 88 p.o. 
carbon (Trommadbrff, A. 21, 126 ; Bromeis, A. 
37, 304; Clark, A. 103,236; 119,226; SobrOtter, 

P. 59, 37 ; Hell, P.22, 498). Monoclinio prisms. 
Insoluble in, and lighter than, water; v, si. sol. 
alcohol, V. e. sol. other. With halogens it gives 
products by substitution. 

FILICIC ACID C,,H,gOj. Isobutyryl-oxy- 
naphtho-quinonef [180° uncor.]; [186°] (L.). 
Occurs in the root of the common male fern 
{Aspidiwn Filix-mas) from which it Ihay be 
extracted by dry ether. After a few days the 
ether deposits the acid as a greenish-yellow 
powder, which may be purified by washing with 
alcohol-ether and recrystallising from ether 
(Luck, A. 64, 119; B. 21, 3466; Grabowski, A* 
143, 279 ; Daccomo, C. C. 1887, 1357 ; B. 21, 
2902 ; Paterno, B. 22, 463). Minute laminas, 
insol. water, v, si. sol. alcohol, si. sol. ether, v. 
e. sol. CSj, ligroin, and terpenos. After fusion 
it melts at 160° to 160°. Its solution reddens 
litmus. Potash-fusion gives butyric acid and 
phloroglucin. Water at 180° gives isobutyrio 
acid and a body CnoH^O,. KMnO* and HNO, 
(S.G. 1'4) give isobutyric and oxalic acids. Zinc 
dust gives a body CnH.-^On. — PbA'.i : curdy pp. 

Benzoyl derivative Ca.ILoO,,. [123”J, 

Ethyl ether [142°]. Bnck-red crystals. 

Ethylene ether. [165°]. 

Propyl ether. [168°]. 

PhenyUhy dr azide C,4H„0(NjHPh)4. 
[198°]. Red needles (from ether). 

Anilide CuH^O.NHPh. [140°]. 

Bromo-fllicio acid 0,«H,»BrOj. [122°]. 

ChlorollUcie acid C,4H,jC10j. Fi:9m chlorine 
gas and solid filioio acid. Amorphous. Ite 
alcoholic solution gives with lead acetate a pp< 
of PbAV 

Tri-chloro-flliolc acid C„H,A05- Formec 
ly the action of chlorine on filioio acid sus 
pended in water. Amorphous. — PbA^ 

FILTRATION. The separation of a soli 
from a liquid by nfeans of a membrane impel 
vious to the sohd. 

FI8CI0 ACID. 0. 67-33 to 67-66 ; H. 4-7 
to 6-08. [204°]. A substance extracted fror 
the Fiecia parietina, a lichen growing abur 
dantly in Sicily on the branches of shrubs. Fr 
pared by heating the lichen in a reflux spparatt 
with boiling alcohol; the black residue oja tree 
meni with ether leaves a black orystaUine ^ 
sidue, which is frequently recrysteUisqd fre 
benzene in presence of animal oluurooal. Yit 
small. Forms red-brown crystals, solohle 
potash forming » rote-red salt. It ezfritite oc 
i sidsmbli resemhliswe to ehr jiophAaie toid, ? 
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diftori {torn it in oompoAition and hi^er melt- 
ing-point {]^tem6, Q, 1883, 364). 

PMETIH 0„H„0,(J. Schmid, B. 19, 1784; 
c/. Koch, B. 6, 286 ; BoUey, Bl. [2] 2, 479). This 
name was given byOhevreul to ‘ young fustic,’ 
the yellow colouring matter of Fiset wood (the 
heart- wood oiBhm Cotinus^ a species of sumach). 

occurs as a glucoside combined with a tannin. 
Alkalis or acidis split this compound up into the 
tannin and the glucoside (*fustin *). The glu- 
coside is split up by dilute l^SO^ into dsptin and 
a sugar. Fisetin crystallises from alcohol in 
small lemon-yellow prisms ; and from HOAc in 
yellow prisms (containing 6aq). SI. sol. ether, 
benzene, ligroi'n, chloroform, and Soiling water, 
V. sol. alcohol. It begins to t|jiacken at 270^ but 
does not melt below 300®. It may be sublimed in 
small needles. Nitric acid oiidises it to oxalic 
and picric acids. HjSO^ forma a sulphonio 
acid. It reduces Fehling’s solution. Alkalis turn 
its alcoholic solution brownish-red. Potash- 
fusion gives protocatechuic acid and phloro- 
glucin. 

Salt. — CjaHj^Na-^Og: yellow needles. 

Acetyl derivative C.^aHigACgOg. [201®]. 
Needles, si. sol. boiling alcohol, v. sol. chloro- 
form. 

Benzoyl derivative [185°]. 

Needles. With excess of BzGi it gives a com- 
pound [195°]. 

Qlucoside {(CaH,,Og).C.^sH,5,Oj}.p. Fustin. 
[219®]. Obtained as above. Needles; v. sol. boiling 
water, alcohol, and alkalis, si. sol. ether. Lead 
acetate gives a yellow pp. Cupric acetate gives 
a brown pp. FeClg produces a green colour 
which, on addition of dilute soda, changes through 
violet-blue to red. 

Ethyl derivative CjsH,oEt„0,. [107°]. 
Long pale-yellow needles. 

Methyl derivative C.j,H,uMe,0#. [163°]. 

FIXED AIB. The name given by Black to 
carbonic anhydride CO^ {v. vol. i. p. 091). 

FLAME is gas or vapour raised to a tempera- 
ture at which it becomes self-luminous. The 
luminosity depends essentially on the specific 
emissive power for light of the incandescent 
gas, and according to the law of exchanges is 
proportioned to the power of the gas to absorb 
the same kind of light at the same temperature. 
In nearly «11 cases, the high temperature, and 
hence the flame, is the result of chemical energy, 
displayed (in the great majority of instances) in 
the combination of two or more gaseous sub- 
stances; hence the production of flame is in 
general essentially a synthetical process. Thefe 
are, however, cases in which flame is produced 
by the breaking up of a conmlex molecule either 
into simpler forms of comoination, or into its 
elements, as, for example, in the flame which ac- 
companies the destruction of nitrogen trichloride 
where no combination or rearrangement of the 
constituent elements other than bito molecules 
takes place. Flames of this character are in- 
variably ‘ solid,’ i,e. they are wholly composed of 
glowing particles, and are wanting in the internal 
structure which is characteristic of all ordinary 
flames. Flames of the synthetical class may, 
however, be * solid *>Hiuoh, for example, are the 
flames of intimate mixtures of oxygen and hydro- 
gen, of chlorine and hydrogen, or of vapour of 
earbon disulphide and nitrio oxide* In these oases 


the chemical eombihation Is exeeedhigly 
the heat developed is great, and the oensequei|ft 
molecular vibration is so intense that it becom# 
explosive in character. 

According to Bunsen (P. A. 181, 161) in d 
mixture of carbon monoxide, or hydragen, with 
oxygen in the exact quantity needed for complete 
combination, only one-third of the carbon mon- 
oxide or hydrogen is burnt at the maxin^um 
temperature, the remaining two-thirds at the 
high temperature (2558°-3033°) having lost the 
power of combination. If an indifferent gas is 
present the temperature of the flame is reduced, 
and larger quantities of the gases combine to- 
gether, as much ^ half the amount^ of carbon 
monoxide or hydrogen combining within a range 
of temperature between 2471° and 1146°. 

It would appear, therefore, that gases in 
combining together with the production of such 
an amount of heat as to produce flame unite 
^er saltum, and that the combustion is not a 
continuous uninterrupted process. Thus in the 
case of carbon monoxide, when two vols. of this 
gas are mixed with one vol. of oxygen, both 
ga'^es at 0°, and the mixture is ignited, the 
temperature is raised to 3033°, and two-thirds 
of the carbon monoxide is left unburnt ; by 
radiation and conduction the temperature is 
lowered to 2558° without any combustion of the 
carbonic oxide ; at a little below this point com- 
bustion recommences, and the temperature is 
again raised to 2558°, but not above this point. 
This temperature continues until half the carbon 
monoxide is burnt, when the combustion ceases, 
until by cooling and radiation the gaseous 
mixture has cooled to 1146°, and these alternate 
phases of constant temperature and of decreas- 
ing temperature are repeated until the whole of 
the combustible gas is burnt. 

Bunsen has also determined the rate of 
propagation of the combustion of a mixture of 
oxygen and hydrogen, and of carbon monoxide 
and oxygen, mixed in the exact quantities for 
complete combustion. In •the oxyhydrogen 
mixture the velocity of inflammation was 
34 metres per second ; in that of carbon mon 
oxide and oxygen it was less than 1 metre per 
second. By adding to the mixture increasing 
amounts of an indifferent gas the rate is rapidly 
diminished until the progress of the flame 
throughout the mass may be followed with the 
eye. , 

The flames with which we are ordinarily 
familiar, as that of a candle or of coal-gas, are, 
however, of a very differen^character from the so- 
called * solid ’ flames. In ordinary flames a stream 
of combustible gas comes in contact with atmo- 
spheric air at a temperature sufficiently high to 
efjpct the chemical union of the constituents of 
the gas with the oxygen of the air with the con- 
sequent production d! heat and light. It is 
obvious that this union can only take plaoe at 
the points of contact between the air and the 
gfls : hence such a ftime is necessarily hollow, 
its internal space consisting ef ‘combustible’ 
gas which has not yet come into contact with 
oxygen in quantity sufficient to bum it. The 
form of the flame for any particular gas wiU 
therefore be dependent upon the m<^e in wdiioh 
the gas is caused to issue into the air, and, thiii 
in its tom, is controlled by the character njl thi 
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Jet or Itomer, end by the pmsnre under which 
the gai ii delivered. 

It is obviously immaterial to far as the pro- 
duotion of a flame is oonoemed whether the gas 
issnesinto the osygen, or the oxygen into the 
* oombostible ' gas. In either case we shall hav^ 
chemical combination oooupring at the point of 
contact of the two gaseous substances, provided 
the temperature be raised to that of ignition, 
and a flame will result from the heat of combi- 
nation. In this way chlorine may be caused to 
bum in hydrogen, and air may seem to bum in 
coal-gas. Hence the terms * combustible * and 
*6upTOrter of combustion’ as applied to gases 
whi(m may be made to bum in each other have 
no real si^rifioance ; the sade gas may appear 
to be ’ combustible,' or ’ to support combustion,’ 
in accordance with the manner in which it is pre- 
sented to the gas with which it combines with 
the production of sutflcient heat to gire flame. 

Ihe two main factors which detennine the 
interaction of two gases, which are susceptible 
of chemical change when mixed, are tempera- 
ture and degree of condensation. A stream of 
hydrogen issuing into the air under ordinary 
circumstances does not ignite. If, however, the 
air or the hydrogen, or both, be raised to a 
snfflciently high temperature just prior to ad- 
mixture, chemical union will be initiated and 
flame will result. Hence a red-hot wire, or the 
flame of a taper, or electric sparks, cause 
the hydrogen to bum ; these means have sufficed 
to raise the temperature of the gases to the 
point at which chemical combination can occur. 
The union of oxygen and hydrogen may, how- 
ever, be effected at a low temperature under 
certain conditions, as, for example, by the ’ cata- 
lytic ’ action of platinum or palladium. If a 
perfectly clean piece of palladium or platinum 
foil be suspended in a mixture of oxygen and 
hydrogen at the ordinary temperature, water will 
be seen to form on the surface of the metal in 
rapidly increasing quaiitity, the metal will be- 
come not and will eventually raise the tempera- 
ture of the gases to the point at which an almost 
instantaneous combination will occur, and flame 
and explosion will result. This power to effect 
onion is dependent on the capacity of the metal 
to * occlude ’ gas, and, as Berliner {W. 35, 791) 
has shown, it is more efficacious in the case of 
palladium than in that of platinum, in conformity 
with Graham^ observations of the relative 
^ocolorive’ capacities of the two metals for 
hydrogen. The ’catalytic’ action is greatly 
augmented by increase of temperature, which 
exj^lams Ibe rapidly increasing rate of formation 
of water and the eventual explosion. The 
oecludsd hydrogen at the ordinary temperature 
combines irith oxygen, heat is develop^, and this 
aeoelaratec the union of fresh quantities of the 
gases, the metal is thA'eby rapidly raised in 
temperature, and eventually brings the mixture 
to the point ci inflammation. Precisely the 
same prmoiple ia seen at work in the well-lmo tm 
IMberriner lamp, in which a current of hydrogen 
is cansed to impinge npon a small quantity of 
platinom*black which has been exposed to the 
air. Under the inflnenoe of the finely divided 
metal the gases combine with the |;eneration 
Cf sufficient heat to effect the ignition of the 
hydrogen as it isstisa into fhe air. Pulong uid 


Thanard, and Turner and Heniyt have Ihenn 
that copper and iron turnings, sine foil, and even 
charcoal, will bring about rile same result, al- 
though much less actively, at varying tempera- 
tures up to the boiling-point of mercury. 

Certain gases and vapours spontaneously in- 
flame as they issue into the air, such, for 
example, are boron and silicon hydrides, the di- 
hydride of phosphorus, thio-phosphoryl fluoridej 
cacodyl, zino-ethyl, (&o. Thus too acetylene 
spontaimoasly inflames in chlorine, and sul- 
phuretted hydrogen in chloric oxide. The spon- 
taneous inflammation may in some oases be due 
to the fact that the ignition-temperature of the 
mixture is as* low as that of the ordinary tem- 
perature of the air, or that the temperature has 
been raised to the ignition-point by a preliminary 
reaction between the substances. The spon- 
taneous inflammation of ‘ engine- waste,’ or wool 
saturated with oil, is due, in the first instance, 
to the development of heat attending the ab- 
sorption of oxygen from the air by the oU. 
Oxygen so absorbed by oil will indeed act as 
energetically as if occluded by platinum. A 
wooUen rag or a bit of blanket sprinkled with 
oil and suspended in a mixture of sulphur di- 
oxide and air will rapidly ‘tinder’ from the 
formation of oil of vitriol. 

We have as yet no very exact information 
concerning the ignition-temperatures of gases. 
The experimental difficulties in the way of 
carrying out such determinations are very con- 
siderable. A. Mitscherlich has described a 
method {Fr. 16, 67) of ascertaining the ignition- 
point, but no determinations by means of it have 
yet been published. It is, however, certain that 
the ignition-temperatures of gaseoHs mixtures 
are as a rule by no means so high as iscommonlj 
supposed, and they lie within extremes of tern 
perature admitting of comparatively easy deter 
mination. When once initiated, thecontinuanc< 
of the combination of unlimited amounts of th 
constituents of a combustible mixture, or in othe 
words the continued existence of a flame, depend 
primarily npon the condition that the oombinin 
gases are maintained at the temperature require 
to bring about their union. Any agency or cor 
dition which lowers the temperature below th 
point will extinguish the flame. A ooal-gas 
flame is extinguished by a cold ma8f> of copper, 
and a candle flame by a helix of cold copper wire. 
The metal abstracts suflicient heat from the 
gases to lower their temperature below the point 
of combination. If the metal is heated prior to 
its introduction into the flames they are not 
extinguished. 

The cooling action of metal is made use of 
in the Hemming kafety-jet used for burning 
mixtures of oxygen and hydrogen, but a fas 
more important application of it is seen in th€ 
Davy safety-lamp. This is simply a small oil 
lamp sorroor'ded by a cylinder of wire gauze 
If the lamp is introduced into an explo8iv( 
mixture of fire-damp and air, combination occur 
within the cylinder, but the flame is p^ventec 
from traversing the gauze by the cooling aotio! 
of the metal Any oiroumstance which cause 
the gauze to become hot, or which prevents i 
from exetUng its q^ifio cooling action, lender 
the lamp unsafe. Thus if the flame ^|flng« 
on the wire gauze so as to heat it to redness, < 
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IftbttbtiniiiigUmp be held in a oorreatotalr 
and firedamp exceeding in velocity six ieet per 
second, or if it be struck by a sound wave of 
sufficient intensity, the flame will pass through 
the meshes, and may ignite an explosive mixture 
on the outside of the cylinder. 

A flame may be extinguished, however, in 
other ways than by the cooling action of metals, 
as, for example, bv mixing the combustible gases 
with a sufficiently large quantity of an indif- 
ferent gas which will act by absorption of heat, 
in the same way as metal. The efflct even 
of small quantities of indifferent or chemically 
inactive gases in lowering the temperature of a 
flame is very marked, and is well Illustrated in 
the different characters of the flame of hydrogen 
burning in air and in oxygen.* In extinguishing 
a flame, say of a candle or coal-gas, by * blowing 
it out,* the puff of air acts partly by suddenly 
scattering the glowing gases from the area of 
supply and pai^y by its cooling action. Al- 
though oxygen is essential to the existence of 
the oxyhydrogen flame, it is readily possible to 
extinguish the flame by an excessive supply of 
that gas within the jet. The power which an 
indifferent gas possesses in destroying flame has 
received important practical applications in seve- 
ral flre-extinguishing apparatuses. 

If the flame of a candle or of coal-gas be 
closely examined it will be seen that the one does 
not touch the rim of the burner nor the other 
the wick (Blochmann, A. 168, 345). The inter- 
mediate space in the case of coal-gas may be 
increased by mixing it with an indifferent gas, 
as nitrogen or carbon dioxide. These phenomena 
are due to the cooling effect of the wick or the 
burner. Vl^enever a cold object touches a flame, 
a dividing space, similar to that noticed between 
flame and burner, is observed, the size of which 
is dependent on the coldness of the object or its 
specific heat, and the dilution of the burning 
gas. A thick metallic wire, brought into a flame 
diluted with carbon dioxide, causes a clear space 
around itself, which increases with the proportion 
of the indifferent gas. The dilating gas lowers the 
temperature of the flame, by diffusing the heat 
needed to maintain a given quantity of the coal- 
gas in a state of combustion throughout a greatly 
increased volume of gas. If the temperature of 
the flame is already low, the further decrease 
resulting from the introduction of the cold ob- 
ject suffices to cool a comparatively large extent 
of gas below the ignition-point, and hence to ex- 
tinguish tlie flame in the cooled space. 

Barefaction of the gases prevents the oen- 
tinuance of combustion by retarding combi- 
nation, whereby the temperature of the gases 
sinks below that necess&ry to effect union. 
A jet of hydrogen issuing into rarefied air 
gives at first an increased size of flame, but it 
ceases to bum when the air is rarefied to ^th 
its ordinary pressure, and a mixyreof 2 vole, of 
hydrogen and 1 voL of oxygen is not explosive 
when rarefied to Ath its ordinary density. By 
mixing oxygen with an indifferent ms many 
phenomena of combustion are immediately ar- 
rested, unless some extrinsic agency is at work 
to maintain or even raise the temperature. The 
combustion df iron wire in oxygen stops almost 
immediately when the glowing metal is with- 
drawn into the air. 


On the other hand, instances are known in 
which sudden rarefaction will prodfloe spoh- 
taneons ignition even at the ordmacy tempera- 
ture. Thus pure phosphine mixed with oxygen 
is not spontaneously inflammable at ordinary 
temperatores and pressures, but on sudde^y 
Ixpandingthe mixture it inflames with explosive 
violenoe. ^ In^ the •same way thiophosphoryl 
fluoride, if mixed with an indifferent gas and 
thereafter with oxygen, will detonate on a sudden 
diminution of the pressure. These phenomena 
are in all probability connected with the extreme 
instability of these gases, and are akin to the 
oases of decomposition by shock which have 
been studied by Berthelot and others (v. Ex- 
plosion). • 

It has already been stated that the form of 
a steady continuous flame depends upon the 
mode in which the combustible gas issues into 
the air, this is dependent upon the form 
and size of the jet, or, in the case of a candle, 
of the wick. The size of the flame from gas 
issuing at a constant rate is dependent on the 
temperature, pressure, and relative diffusibilities, 
of the combining substances. By increasing 
the amount of oxygen in the air the size of a 
flame may be considerably diminished. This 
fact is well illustrated by plunging a jet of 
hydrogen burning under constant pressure in 
air into oxygen gas. The increased size of the 
flame under ordinary conditions is due to the 
fact that the air contains only one-fifth of its 
volume of oxygen ; the * combustible ’ gas has 
to seek, therefore, over a larger area for the 
oxygen required for combination. The size of a 
flame is also necessarily determined by the 
volume of oxygen needed for the complete com- 
bustion of the inflammable gas. Thus equal 
volumes of hydrogen and of ethylene passing 
through the same jet and at the same rate into 
Oxygen will give flames of very different size : 
the hydrogen, which needs only half its volume 
of oxygen to burn it, forms a much smaller 
flame than the ethylene, which requires three 
times its volume. On the other band, oxygen 
burning in hydrogen gives a larger flame than 
when burning in marsh gas *, in the former case 
the oxygen needs 2 vols. of hydrogen for its 
combustion ; in the latter only half a volume of 
marsh gas. 

The temperature of flames is extremely vari- 
able. Some, like that of sulphur burning in air, 
are comparatively low ; other# furnish ns with 
some of the highest temperatures of which we 
have any practical knowledge. The temperature 
of a flame depends mainly upon the heats of 
combination of the constituents and the specific 
beats of the products of combustion. Flames 
which depend upon the presence of oxygen are 
much hotter when the combustion takes place 
in an atmosphere ofethe pure gas than in air. 
In the latter case the oxygen is mixed with four 
t im es its volume of nitrogen, which pla^ lU 
part in the ohemital reaction, and uietefort 
contributes nothing to the heating effect, bnt oi 
the contrary abstracts a considerable mount o 
heat from the prodnets of oombustioii, am 
thereby lowers the temperature of the gfowinj 
mass of gas. Hence solphur burning in t^ygei 
gives a much hotter flame than when barmn 
m MVi and oxyhydrogen flame is nuohhbtte 
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by Bunien (P. Jf. [4] 84, 489). 

PJgme of hydrogen bormng m tir . W** 

„ » »» 

„ carboniooxide burning in air 1,997^ 
„ M .1 * oxygen 3,^3 . 

The conditions tinder which a flame is produced 
not only modify its temperature, but also, as an 
effect of temperature, its colour. Thus pre- 
vailing tint of sulphur burning in air is blue, 
and the mantle is comparatively small and of a 
violet colour. In oxygen the flame becomes 
hotter, and the violet odour is more pronounced. 
Precisely the same change is produced by heating 
the air or by burning a jet of heated sulphur 
vapour. Cold carbonic oxide gives a blue flame 
in air, but it becomes yellowish-red if the gas 
be previously heated. 

The flame of a candle, whether of wax, tallow, 
pr paraffin, is seen to consist of four distinct 
cones, which are comparatively sharply defined, 
and which ate rendered evident by their different 
appearance. Immediately surrounding the wick 
is a dark inner cone consisting of unburnt gases 
or vapours distilled from the fatty matter raised 
by the capillary action of the wick from the reser- 
voir of melted material at its base. Below the 
inner cone is a light-blue zone of small area 
consisting of combustible matter from the wick, 
which has become mixed with an amount of 
oxygen sufficient to burn it completely to non- 
luminiferous gases. Surrounding the inner cone 
is a bright luminous area, from which the greater 
part of the light emitted by the flame is derived. 
This area constitutes the main meeting-place of 
the combustible gases with the oxygen, and 
hence chemical combination is here most 


lominoas oooo fa imall, and tho ma^U 
to be largely developed, fhe AeStToXn 
monoxide consists of a dark internal cone of 
^ unbamt gas surrounded by a yelJowish-red 
mantle somewhat ^*deflned at its external edge, 
and at the base is a comparatively laige blue ^ 

zone. 

Attempts have been made by Hilgard (A. 92, 
129), LahdoU (P. A. 99, 389), Bloohmann (.4. 
158, 296), and others, to study the nature of the 
chemical process in flames of candles and of 
coal-gas, by aspirating the gases from different 
parts of the flame and analysing them. Such in- 
vestigations can only give a very partial concep- 
tion of the changes which occur or have occurred 
in the different areas of the flame owing to the 
intense molecular movements, due to the high 
temperature and specific differences of diffusive 
power, of the gaseous constituents. Nevertheless 
it is possible to obtain some idea of the manner 
in which the several combustible gases in such a 
complex mixture as that of coal-gas, or of the 
gas obtained by the distillation of wax or tallow, 
behave towards oxygen, and to trace the rates at 
which they are severally burnt. Thus, broadly 
speaking, it is found that of these gases, the 
hydrogen up to a certain point is most rapidly con- 
sumed, then the carbonic oxide, next the marsh 
gas, while the heavy hydrocarbons burn compara- 
tively slowly. The amounts of these gases burnt, 
i and especially of thehydiogen and carboniooxide, 
j are, however, modified by processes of dissocia- 
i tion, and by the mutual action of the products 
j of combustion at high temperatures ; at very 
j high temperatures water vapour and carbon di-. 

! oxide are dissociated, while carbon monoxide 


vigorous. Surrounding the luminous area, which 
seems to constitute ^e greater portion of the 
visible flame, is an envelope or mantle of a faint 
yellowish colour and of feeble luminosity; this 
consists of the fimj products of combustion of 
the constituents of the luminous cone mixed 
with atmospheric air heated to incandescence. 
Owing to the intense glare of the luminous cone 
the feebly luminous mantle is not readily per- 
ceived, but it may be rendered evident by holding 
a piece of card of the shape of the flame in such 
a manner as to hide the luminous cone, when 
the mantle is seen lining the outer edge of 
the cone. The* fact that the candle flame 
is hollow, and that the internal cone immedi- 
atelv surrounding the wick consists of cornpara- 
tavelT cold onignited ga8 free from oxygen, may 
be oinnoiistrated by thrusting a fragment of 
bomiog phosphorasinto the cone, when its com- 
bnstioQ ceases. A piece of stiff thick paper 
thnwt down on the flame to the level of the dark 
internal area is seen to be aharred on the upper 
ffurlaee in the form of a ring; if the paper be 
simply across the luminous area and 
above the dark cone the olmrring is simply % 



is formed by the action of separated carbon upon 
carbon dioxide. The process of breaking up 
the hydrocarbons is one of gradual degradation, 
the higher members of the paraffin series being 
probably resolved into olefines and paraffins of 
lower molecular weight: 

Cnf pHjn+jp-H = C„Hjn + OpHjp, 

as in the case of butane, which is known to 
be resolved into ethane and ethylene, 
C^H ,5 = C,^ + C;iH 4 . At a sufficiently high 
temperature ethylene is further brokfo up as 
follows : 

2C;H, = 2CH,-h2C. 

Oncthe other hand, at high temperatures marsh 
gas is known to form naphthalene C,oH, and 
acetylene ; while at still higher temperatures it 
is resolved into carbon and hydrogen. 

The main cause of the luminosity of a candle- 
flame, and indeed of all our ordinary illnmina- 
ting flames, was first traced by Da^ as the out- 
come of the m^riments which led him to the 
invention of the safety lamp. It is, to use hi£ 
own words, * owing to the decomposition of a 
part of the gas towards the interior of the flame, 
where the air was in smallest quantity, and the 
deposition of solid charcoal, which first by itf 
ignition, and afterwards by i|s combustion, in 
creases in a high degree the intensity of th^ 
light ’ {Tr, 1817, 46, 77). The proofs that solit 
carbon is present in luminbos hydrocarbon flamei 
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i. OhkriM comes an inereass in the him- 
nosity of feebly-hminous or non-hmmous hy- 
dfiear^ flames. Since chlorine decomposes 
hydrocarbons at a red heat with separation of 
carbon, it follows that the increase in luminosity 
is due to the production of solid carbon particles, 
f 2. A rod held in the luminous flame soon be- 
comes covered on its lower surf ace, i.e. the surface 
^osed to the issuing gas, with a deposit of sooL 
The solid soot is driven against the rod» If the 
soot existed as vapour within the luminous flame, 
its deposition woifld be due to a diminution of 
the temperature of the flame, and would, there- 
fore, occur on all sides of the rod. 

8. A strongly heated surface also becomes 
covered with a deposit of soot. This result could 
not occur if the deposit were due to the oooUng 
action of the surface. 

4. The carbon particles in the luminous flame 
are rendered visible when the flame comes in con- 
tact with another flame, or with a heated sur- 
face. The separated particles are agglomerated 
into larger masses, and the luminous mantle be- 
comes filled with a number of glowing points, 
giving a very coarse-grained soot. 

6. The transparency of a luminous flame is 
no greater than that of the approximately equally 
thick stratum of soot which rises from the flame 
of burning turpentine, and which is generally 
allowed to contain solid particles. A flame of 
hydrogen made luminous with solid chromic 
oxide, which is non-volatile, is as transparent as 
the hydrocarbon flame. 

6. Flames which undoubtedly owe their lu- 
minosity t<f finely divided solid matter produce 
shadows in sunlight. The only luminous flames 
incapable of producing shadows are those con- 
sisting of glowing gases and vapours. 

7. Luminous hydrocarbon flames produce 
strongly marked shadows in sunlight; these 
flames, therefore, contain finely divided solid 
matter. This solid matter must be carbon, since 
no other substance capable of remaining solid 
at the temperature of these flames is present 
(Heumann). Moreover, if the soot in luminous 
flames is present as vapour, a high temperature 
after condensation should again cause it to as- 
sume the caseous condition, but soot is absolutely 
non-volatile even at the highest temperatures, j 

The presence of solid matter is, however, not 
the sole cause of the luminosity of a candle or 
hydrocarbon flame, since a small portion of the 
light is derived from the incandescence of ^e 
gaseous matters. Methane, which when burning 
under ordinary conditions gives no deposit of 
soot, still affords a flame of considerable illumi- 
nating power (equal to 6*2 candles according to 
Lewis T. Wright, 0. J. 47, 200). Bright flames 
may indeed be produced without the interven- 
tion of solid matter. Arsenic byns in oxygen 
with a bright flame, although the product of the 
combustion (arsenious oxide) is volatUe at the 
temperature of its formation. A mixture of 
nitric oxide and carbon disulphide burns with a 
brilliant light although no separation of solid 
matter oceun. It has already been pointed out 
that substances burning in oxygen give mu^ 
hotter fllames than when burning in air, and it u 
also found that the flames In oxygen are mudt 


mote luminous than thoifl Itt hir# 


tmnperatuze of a flame very oonsid^% mSdM 
. B.]^nklandhas|^infl^ 


its light-giving ^wer. 
out the connexion between the lumini^OUi 
character of flames and the density of their con- 
stituents, as is exemplified by the^eater illumi- 
Elating power of a hydrogen flame in chlorine 
than in oxygen. The luminosity of a flame is 
increased by condensing the surrounding atmo- 
sphere and diminished by rarefying it. Boyle, in 
1658, minutely described the appearance of a 
candle-flame as seen under diminished pressure 
in the receiver of his ‘ new pneumatical engine.' 

E. Frankland found that candles give much less 
light when burning at the top of Mont Blanc 
tiian in the vallhy below, although the rate of 
combustion is not much affected by the differ- 
ence in the density of the air. The flame of ar. 
senic burning in oxygen is greatly diminished in 
brightness by rarefying the oxygon, and the flame 
of an aftohol lamp increases greatly in lumi- 
nosity when burning in condensed air. Under a 
pressure of 10 atmospheres the flames of hydro- 
gen and of carbon monoxide become very bright 
and give continuous spectra, and an electric 
spark increases in luminosity with the density 
of the gaseous medium through which it passes 
(Frankland, Pr. 16, 419). 

Similar observations have been made by 
L. Cailletet (A. Ch. [6] 6, 429), who found that 
the flames of candles, sulphur, potassium, and 
carbon disulphide, but not of phosphorus, burned' 
in gradually compressed air with continually in- 
creasing intensity of illumination up to pressures 
of 35 atmos. On the other hand, Wartha {J.pr. 
[2] 14, 84) found that the flame of a stearin candle 
burning in air under a pressure of 1*95 at. it 
from 13 to 17'4 p.c. less luminous than when 
burning in air of ordinary density. At the higher 
pressure candles burn with a dull yellowish-red 
smoky flame fully twice as long as that of the 
same candles burning in the open air. Candies 
burning at a constant pressure of 90 nun. give 
a large, clear, non-luminous flame, consisting of 
an inner bluish-green cone, surrounded by a 
violet zone, and inclosed by a very faint violet 
mantle. The non-luminosity of flame under low 
pressures was supposed by E. Frankland to be 
due to the increased mobility of the oxygen 
molecules in the rarefied air in consequence of 
which they were able to penetrate more freely 
into the interior of the flame. According to 
Wartha, the difference is to be* attributed to the 
effect of the pressure on the dissociation-point 
of the burning substance. When candles are 
burned in air, under vbry high pressure, the 
dissociation of the hydrocarbons takes place mre 
rapidly than the products can be burned, and the 
flame becomes smoky ; under reduced pressure 
Ae reverse is the case. 

Acomparativelysmalladimxtureof air greatiy 
impairs the illuminating power of ooal-g^ Sii- 
Unfann a. H. Wurtz (Am. S. [2] 48, 40) found 
that on adding varying quantities of aur to g ooal* 
gas having an illuminating va^ue of 14»8 eendles 
the loss of Ught was as f oUows : 

Added idr Ftroentage loss of UghI 

8-00 p.0. Jf'W 

i-96 » 

U-71 » «•*» 

16-18 • 
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tai Adding about 26 p,d* ot air the illuminating 

ower diminithad 84 p.o. With snoh an admix- 
kore ooal-gai boms witii a smokeless and practi- 
cally non-lnminons flame. 

It haa be^ shown that a ooal-gas flame 
bpming in air becomes non-lnminous by pre- 
vious admixtare with nitrogen, hydrochloric 
acid, carbon dioxide (EnappX carbon monoxide, 
hydrogen ^loohmann), or even steam (Sandow). 
jP. F. IVankland found that while the illumina- 
ting power of ethylene was diminished after a 
oert^ point by admixtare with ordinarily non- 
luminous combustible gases, the loss of light 
depended on the nature of the diluent, and was 
greatest with carbonic oxide and least with marsh 
gas. An admixture of the oomlpistible gas np to 
40 p.o. hardly affects the illuminating power of 
the ethylene (C. J. 46, 89). Mixtures of oxygen 
with ethylene in quantity insufficient to form an 
explosive mixture possess a greater illuminating 
power tl^ pure ethylene. By the addition of 
carbon dioxide, nitrogen, or aqueous vapour, the 
illuminating power of ethylene is diminished. 
These gases act partly by dilution, and partly by 
cooling; the cooling action is proportional to 
the specifio heats of the gases, but in the case of 
carbon dioxide and aqueous vapour it is aug- 
mented by the absorption of heat which takes 
place in tne dissociation of the aqueous vapour, 
and in the reduction of the carbon dioxide to 
carbon monoxide (P. F. Frankland, C. J, 45, 
236). 

Wibel has shown that a mixture of coal-gas 
and air, which when burnt under ordinary con- 
ditions is non-luminous, may be made to give a 
luminous flame if it is heated previous to inflam- 
mation (J3. 8 , 226) ; andHeumann (A. 181, 129 ; 
182, 1 ; 183, 102 ; 184, 206) has proved that the 
luminosity is actually due to the added heat, and 
not to any alteration in the composition of the 
gaseous imture in consequence of the heating. 

These observations have an important bearing 
on the theory of the flame of the Bunsen lamp. 
The nature of the chemical changes in this flame 
has been studied by Blochmann (A. 168, 295). 
The fedUy luminosity of the Bunsen flame is 
due ( 1 ) to a rapid oxidation of luminiferous ma- 
terial to gases of feebly illuminating power by 
the oxygen in the admixed air ; 12 ) to the pre- 
sence M diluting ^es which of tnemselves re- 
duce the illuminating power ; and (3) to the heat 
withdrawn by the indifferent gases, as nitrogen, 
and the produots^f combustion, carbon dioxide 
and water. The loss of luminosity is not due to 
any one of these causes acting singly. A flame 
of mixed ooal-gas and air has a higher tempera- 
ture tium that of the undiluted coal-gas, but it 
requires a still higher temperature in order that 
a sepfuration of carbon shall occur. 

When the flame of a Bunsen lamp retreats 
down the tube and bums abthe jet at the bottom 
a much smaller quantity air passes into the 
tube. Under normal conditions 1 voh of the 
gas becomes mixed with about 2 ^ vols. of air ^ 
when burping at ^e bottom the gas becomes 
mixed with <^y aSont Tois.of air. The effect 
of thia diminished amount of air is a large in- 
ersaoe In the amount of carbon monoxide, to- 
gether wl& the prodnotion of potable quantities 
of acetylene, to idiich substah^ the extremely 
difegrseable nature of the gieea qroifed from 


the burner under these oiroumstappes li dbo; 
(Compare Thorpe ‘On the Theory of the Bunsen 
Lamp,’ a J. 1877. 1, 627.) T. E. T 
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O.O^iINHa) [1:4]. jp-Amido>(Pj/,8)‘ 
phenyl.(Py.l)‘meth}/l‘qu{noline. [97®]. , 

Formation. — 1. By heating equal mols. of 
ortho- and para-amidoaoetophenone with an equal 
weight of zinc-dust at 60°-100®; the yield is 60 
p.o.— 2 . By nitration and reduction of flavoline. 
8 . By heating o - amido - acetophenone to 230® 
with ZnCL^— 4. By the action of acetyl chloride 
on aniline sulphate. 

Preparation . — By heating acetanilide with 
ZnCB for several hours at 260®-270®, the melt ‘ 
is dissolved in boiling dilute HCl, sodium ace- 
tate added, and the product salted out (0. Fischer 
a. Rudolph, B. 15, 1600). 

Theory of formation from acetanilide. At 
the temperature employed the acetanilide under- 
goes isomeric change, being converted into a' 
mixture of o- andp-amido-aoetophenone, and the 
latter (as shown m formation 1 ) gives the dye- 
stuff by the elimination of 2 H 3 O &m two mols. 
by means of the ZnCl, : 

OjC — CgHJNEy (Besthom a. 
0. Fischer, B. 16, 68 ). 

Constitution . — Contrary to the earlier sup- 
position, flavaniline has the NH, group in the 
para- position not in the ortho-. The fact that a 
small quantity of the dyestuff is formed by heat- 
ing or^/io-amido-acetophenone with ZhCl, at 260® 
must be due to an isomeric change of a por- 
tion of the o-amido-acetophenone into p-amido- 
acetophenone. 

Properties .— colourless needles. Dis- 
tils undecomposed at a high temperature. Sol. 
alcohol, insol. water. Strong di-acid base. The 
salts form a splendid yellow dyestuff of green 
fluorescence. By the action of nitrous acid it 
yields flavenol. 

Salts.— B"H 2 Cl 2 : colourless soluble needles. 
— B"HC1 : yellowish-red soluble prisms. — 
B"Hv 01 ^tCl 4 : sparingly soluble crystalline pp. 

Beactions.—li cannot be reduced tofi hydride 
by tin and HCl ; but on treatment with alcohol 
and sodium it yields a fluid base, the salts of 
which are colourless, and forms a crystalline 
nitrosamine. Heated with glycerin, nitrobenzene 
anfl H,S 04 it yields a methyl-diquinoline [138®] 
(0. Fischer, B. 19, 1086). 

Reference.— Ethyl^/lammUne, 

Ffeudo-flavanilin iA 

XH:CH 

CrS/ I 

^ N»O.O^Me(NH^ [1:8:4]. Amido^tolyU 
qmnoUne. [112^. 

PreparaHon. — Bj leading oxvgen over a 
mixture of quinoline and o-toluimne hydro- 
chloride heated to 180° on platinised aabMtoi 
(Weidel a. Bamberger. M. 9, 9^. 

PrcperUes^^Mmolet hair-Bke needles (from 
water). Oonverted by HNO| iflto pseudo-flavwiol 
Oi^i^OH, idiildh on farther oxidation glvei 
qmnaddinlo acid 0 ,«H,K 0 s. 
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: long needlM.-B"B(n : 
■mail ydlow monoolkia needles.— 

Acity l d$r ivative 0,^.^4oN^ [177®]. 
7LAyiBTHBACSir£.Dl.SBIFH0NI0 ACID 

V. ANTHlUOENB.DX-8ULPHONia AOm (flOO-), 

PLAVBNOL 0„H„N0 U 

C e:OS 

I 

-O.OgH40H[l:4]. [238®]. Formed 
by the action of nitrous acid on flavaniline. 
Sublimable. Colourless iridescent plat^. SoL 
alcohol and aqueous NaOH. Has both phenolic 
and basic properties. 

Beactiona.— On distillation with zinc-dust it 
gives flavoline. With acetic anhydride it forms 
A substance crystallising in neqdles [128°], which 
distils undecomposed (0. Fischer a. Budolph, B» 
15, 1502). On oxidation with alkaline EMn04 
it is converted successively into lepidine-car- 
boxylic acid, picoline-tri-carboxylio acid, and 
finally pyridine-tetra-carboxylic acid (0. Fischer 
a. Tauber, B. 17, 2925). 

Salts.— B'HOl’' : long colourless soluble 
needles. — B',H,S04’‘ : colourless needles. — 
B'jHjOyPtClg* ; yellow sparingly soluble needles. 

Acetyl derivative G,gH„N(OAo) : long 
needles or small plates [128°] (Besthom a. 
0. Fischer, B. 16, 69). 

Psendo-flaTenol C,gHi,NO t.s. 

.CH:CH 

OgH/ ! 

\N-O.CgH,Me.OH [196°]. 

From pseudo-flavaniline by the 
notion of nitrous acid ; oxy-pseudo-flavenol [89°] 
and nitro-pseudo-flavenol are also formed. It is 
separated ^om these by shaking with ether, 
which extracts the oxy- compound, and then 
ppg. the impure pseudo-flavenol by OO2. Crys- 
' tallised from absolute alcohol. 

Propertiea, — Plates. Sol. hot alcohol, ether, 
benzene, and chloroform. Oxidiiied by GrO, to 
quinoline {Py, 3)-oarboxylio acid [157°]. It is 
reduced by zinc-dust to the base p seu do- 
ll a voline C,bH„N, ortho-cresol, and quinoline. 
Tin and HGl convert it into a tetrahydro-com- 
pound, which, when fused with potash, is oxi- 
dised to a-oxy-iso-phthalio, p-oxy-benzoic, and 
salicylic acids ^eidel a. Bamberger, M. 9, 99). 

Salts.— B'MG12aq: pale yellow needles. — 
(B'H01)aP<Gl4: yellow crystalline powder. 

Acetyl derivative OigH^NOAc; [106°]; 
plates. 

Nitro-pseudo-flavenol 0„H„(N0JN0. [160°]. 
FLAVINE V. Dx-auioo-benzofhemomx. 
FLAVOIDINE. a name proposed by Melddla 
(C. N* 50, 267) to denote azo- bases of the form 
NH^".NyR"NH„ isomerij with the ohryso- 
idines. 

FLAVOL 9. Dx-ozt-anthbagsni. 
FLAVOLINS V. (Py. 3:1 )-Phkntl-icithyl- 
QUnfOUMB. 

FLAVOFUBPTIBIN v, TAx-ozT-AZfTBnA- 

QUINOKS. 

FLAVOdUINOLINE v. {Py. 

{Py. 8; B.^.DXQumoxJHB. 

FLTTAVIL V. Oum pxboha. 

FLV0-. U$$ of this prefix applied to tnor- 
ponio cmpomds : for fivosalts «. the salts to 
the^Txame of which nuo- is prefixed. Thns, 
flWMAohaUs, fliuo^UoateSy and fiw-stannates 
will be descruxed onder KiobatsSi Sxuoatxs, 


and SxmrATis, and these salts will be foond 
under the general headings Niobium, Scuoom, 
and Txm. M. M. P. M. 

FLTTO-BENZENE v. Fx«uobo-bxbzxns. 

FLTTOBENZOIO ACID v. Fluobobbnzoio loxn. 

FLUOBOBIO ACID and FLU0B0BATE8 
HA04.6HP and {v. vol. i. p. 530). 

FLTJOB ANILINE v. Fluobo-anxlhw, 

FLUOBANTHENE U. 

H 

HO CH 



(Fittiga.Liepmann,B.12,164). Idryl. [110°]. 
(251° at 60 mm.). V.D. 6*64 (calc. 6*57). 

Occurrence.— In coal-tar (Fittig a. Gebhard, 
A. 193, 142). Found also to the extent of 3 p.o. 
amongst the solid hydrocarbons obtained in 
Idria in distilling mercury from its ore (Gold- 
schmiedt a. Schmidt, M. 2, 1), and in American 
petroleum (Prunier, Bl. [2] 81, 293). 

Preparation.— Cmde pyrene from coal-tar is 
converted into the picric acid compound by treat- 
ment with an alcoholic solution of picric acid. 
The picric acid compound of fluoranthene is 
more soluble in alcohol than that of pyrene. 
The hydrocarbon is liberated from this com- 
pound by NH„ and is recrystaUised from alco- 
hol. Fluoranthene may also be separated from 
pyrene by fractional distillation under 60 mm. 
pressure when pyrene boils 10° higher (Fittig a. 
Liepmann, A. 200, 1). 

Properties. — Large coleurless monoolinio 
plates (from dilute alcohol) a:6:c » P495:l;l*025 ; 
8 » 82° 50' ; or thin needles (from alcohol). SI. 
sol. cold, V. sol. hot, alcohol ; v. sol. ether, GS.^, 
and HOAo. Warm cone. HySO^ dissolves it, 
forming a blue solution. Its picric acid 
compound G.5H„G,H8(N02),0H [183°] forma 
long reddish-yellow needles, which may be re- 
crystallised from alcohol without decomposition. 

Tri-chloro-fluoranthene G,jH,01,. [above 

300°]. Needles (Goldschmiedt, M. 1, 222). 

Di-bromo-fluorantheue GigHgBr,. [205°]. 
From fluoranthene in CS^ and Br (F. a. G.). 
Light-yeUow needles (from GSj). 

Tri-bromo-flnoranthene G,4H,Br,. From 
fluoranthene in HOAo and Br. Neeles. Does 
not melt below 845® (G.). 

Tri-aitro-fluorantisne Ci5H,(NOa),. [above 
800°]. Prom fluoranthene and fuming HNO,. 
Minute yellow needles. Insol. ordinary solvents^ 
sel. hot HNO,. • 

Fluoranthene dihydride OaH,,. [76°]. Fr^ 
fluoranthene by treatment of its aloohbliesolntion 
with sodium amalgam, or by heating with H IA i(| 
and red phosphorus at 180® (Gdd8oh|uedt)4 
Needles (from alcohol). Itspiorie aeidfeohi* 
pound 0„H.,OA(NO,).Otf [186»1 
Inw iloohm in red needles. • ^ " 



m 


PLUOBANTHKNE. 


nnonuitliMit oetdhydridi (811°). 

From flnoranthene, Hliq, «nd red pnoephoros 
At 250° (G.). 

Fluonuitliena diitaphonie acid 0,jHg(S0,H)r 
From fluoranthene (1 pi) and H,S04 (2 pts.) at 
100° (G.). Unstable syrup. Potash-fusion gives 
crystalline 0ja:„0,C246°].— K^" aq.-~CaA"4aq. 
- -BaA"2|aqi m, sol. watdr,— CdA'' 2^i^. On 
distilling the K salt with EOy and fusing the 
product with EOH there is formed the carboxyl io 
acid 0,4H,COaH [166°]. 

Fluoranthene - quinone C^H^O,. [189°]. 

Formed, together with a large proportion of di- 

phenylene ketone carboxylic acid | >GO 
C„H3/C0fi 

b^ oxidising fluoranthene with chromic acid 
mixture (F. a. L.). After removing the acid by 
aqueous Na^GO, alcohol extracts the crystalline 
compound 0, jH,Oj(0„H,o), [102°] whenqc aqueous 
NaHSOi extracts me quinone. On addition of 
HGl to the solution in NaHSOg there are ppd. 
nearly colourless needles, apparently consisting 
of the hydroquinone ; these are converted in 
gj^t part into the quinone during reorystallisa- 
tion from alcohol, or more quickly by oxidation 
with FeGlj. Small red needles (from alcohol) ; 
m. sol. iJoohol and HOAo. 

GyH 

FLUOEEHE 0„H„t.e. 1 («)-Di. 

phmylene-methane. Mol. w. 166. [113°]. (o. 
802°) (A.)-, (296° i V.) (F. a. S.). V.D. oil 
(calc. 6*78). 

Occurrence.— In the portion of coal-tar boil- 
ing between 300° and 400° (Berthelot, A, Ch. [4] 
12. 222; Barbier, A. Ch. [6] 7, 472). 

FormaMon. — 1. From diphenylene ketone by 
distilling with zinc-dust (Fittig,B.6, 187 ; Fittig 
a. Schmitz, A. 193, 134) or by heating with 
HIAqand amorphous phosphorus at 160° (Graebe, 
B, 7, 1626).— 2, By passing diphenyl-methane 
Uirough red-hot tubes (Graebe, A. 174, 194).— 
8. ]|^m diphenyl aud CH^Glj under the influence 
ol AlCl, (Adam, Bl. [2] 47, 686),-4. By distilhng 
the di-earboxylic acid with lime (Bamberger a. 
Hooker, B. 18, 1036).— 6, By distilling pheuan- 
thraquinone with lime (Anschiitz a. Schultz, A. 
196, 44).— 6. By heating ellagic acid with zinc- 
dast in a current of hydrogen (Barth a. Gold- 
•cbmiedt, B, 11. 846). 

Preparaticn.—Bj fractionally distilling the 
hydrocarbons contained in coid-tar about 20 
lities of a pc^ion boiling from 300° to 320° is 
collected: this is solidi^ed by cold, pressed, and 
redistilled; a fraction 290° to 310° (10 litres) 
is tiien obtoined by distillation. After one more 
distillation the fraction 296° to 305° is recrys- 
tallised successively frmn alcohol-benzene, alcq- 
bol, and HOAo (Barbier). Still further purifica- 
tion may be effected by mfians of the picric acid 
eon^und. 

Anperfiss.— Very small white plates (by 
snblimation) exhibiting, lAien not perfect^ 
pitte, Violet fluorescence. If recrystallised 
aereiral times from alcohol and then from glacial 
ae^ a^ it is no^ longer fluorescent (Hodgkin- 
son a. Matthews, 0. /. 48, 168). V. sol. ether, 
bemaene, CS., and hot alcohol, si. sol cold 

Bolling with in HOAo 


forms diphenylene ketone, but no ^qolnoHe.-^ 
2. Potash-fimon gives di-oxy-diphenyl[98°] and 
other products.— 8. When its vapour is passed 
over heated lead oxide there are formed two hy- 
drocarbons, 0«,H,4 and OmH, 4. The latter forms 
red trimetrio crystals (from HOAo) [188°] (above 
360°) ; gives an unstable picric acid compound 
[178°] ; and is reduced in alcoholic solution b| 
sodium-amalgam to colourless G-i«H,8 [242°] (De 
la Harpe a. Van Dorp, B. 8, 1049). The hydro- 
carbon GJH,4 forms long yellow needles (from 
benzene‘-alcohol) [270°].— 4. When fluorene is 
passed over red-hot MnO, a red mass is obtained, 
and if this be freed from fluoreno by heating some- 
what above 300° and from the red body by washing 
with ether, there is left the hydrocarbon OggH,, 
[246°] termed ‘ para-difluoryl.’ It forms long 
thin prisms, v. si. sol. cold ether, m. sol. hot 
HOAo. It decomposes above 260°. It forms a 
tetra-bromo- derivative [302°], and is oxidised by 
GrOj in HOAo to [266°]. Two other 

hydrocarbons, OjjHig, appear to accompany the 
one described [246°] in the red mass (Hodgkin- 
son, C. J. Proc. 1, 36).— 6. Cone. HIAq (40 pts.) 
at 275° forma CijHjs (240°), hexane and heptane 
being also formed according to Berthelot {A. Ch, 
[6] 7, 610).— 6. On adding the calculated quan- 
tity of bromine dissolved in CS^ to a solution of 
fluorene in CSj dibromo-fluorene C^HgBrj [167°] 
is formed. It crystallises from CS.^ in mono- 
clinic forms. By treatment with more Br in the 
cold there is produced the tri-bromo -fluorene 
C„H,Br, [162°] (v. Di-bbomo-fluoiikne). Brom- 
ine vapour passed into a cold solution of fluorene 
in CSj forms light-yellow needles of C„H„15r, 
which is quickly converted by alcoholic KOH 
into di-bromo-fluorene. By the simultaneous 
action of bromine and EOH on fluorene there is 
formed a bromo-fluorene [104°] (Hodgkinson, 
C. J. Proc. 1, 36).— 7. Chlorine passed into a 
solution of fluorene in CS, forms C„H^Clj, [118°] 
and CigHjCl, [147^] (u. Di-chlobo-fluorbne).— 
8. A mixture of fuming nitric acid and HO Ac forms 
nitro-fluorene O^HglNOjj) [164°] and di-nitro- 
fluorene C)3Hs(NO;)2 [201°] (v. Nitbo-floorenb). 
The former may be reduced by tin and HCl to 
p-amido-fluorene [125°], which crystallises in 
needles and forms an acetyl derivative [188°] 
(Strasburger, B. 17, 108). Di-amido-fluorene 
C,3H,(NH,)3 [157°] is obtained by diotiUmg di- 
amido-diphenic acid with lime ; its acetyl deriva- 
tive [250°] crystallises in leaflets (Schultz, A, 
203,99).— 9. Treated with phenyl- acetic chloride 
and AlCl, it gives the ketone OjsHs.CO.CH^.OaHj 
[196°] which crystallises in small tables, si. sol. 
cold alcohol and ether (Papeke, B. 21, 1341). 
This ketone is converted by benzyl chloride and 
NaOEt into 0„H,XJ0.CHPh.0H204H3 [160°] 
which crystallises from alcohol in slender 
needles. 

Picric acid compound 
C„H„04H3(NGi),OH. [82°]. Obtained by adding 
picric acid to an ethereal solution of the hydro- 
carbon. Bed^^-brown prisms. Decomposed 
by boiling with water or alcohol. 

Picryl chloride compound 
C,;EI„0A(N0^,01. [70°]. Orange needles 

(Liebermann a. Palm, S. 8, 877). 

Fluorene snlphonie aoid *0j|ILSO,H. ftom 
fluorene in OH^ and ClSO,H (Hodgkinson a. 
Matthewi, C. /. 48, 166). Gummy. V. sol. 
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it$Uir. Fined with EOH at a little above 400*^ 
it forma two tri-oxy-diphenylg (3. v,), for not 
only is SOaH displaced by OH bat CH, is dis- 
placed by 2(OH). 

SaltB.—EA': minute jubes.— BaA'32aq. 
— CdA'jdaq. 

Isomeride of llnorene. — Di - phbntlbne- 


MBTBANIB. 

* PLUOBEHE ALCOHOL a. 


Di-phemylenb 


OABBIKOL. 

FLVOBENE CABBOZYLIC ACID 

/OA 

CH,< I Fluarenio acid. 

^C«H,.C02H [3:2:1]. 

r246®]. Formed by reducing diphenylene ketone 
carboxylic acid with sodium-amalgam (Fittig a. 
Liepmann, A. 200, 13). Small crystals (from 
alcohol). May be sublimed. SI, sol. boiling 
water, v. sol. hot alcohol. Gives fluorene when 
distilled with lime. Alkaline permanganate 
oxidises it to diphenylene ketone carboxylic 
acid. 

Salts.— BaA'j3aq: glittering scales, si. sol. 
water.— CaA'2 21 aq: hard white needles. 

Ethyl ether EtA'. [54°]. Colourless 
prisms, v. sol. hot alcohol. 

Fluorene carboxylic acid 

CHj< I 

nC,H,.C 03H [2:3:1]. [175°]. From diphenyl 
o-carboxylic acid by successive treatment with 
PCI5, alcohol, and zinc and HOAo (Graebe a. 
Aubin, A. 247, 257). V. sol. alcohol, ether, and 
HOAo. 

Methyl ether MeA.\ [64°]. 

Fluorene-di-oarboxylio acid 0„H,(C02H)j. 
Formed b^ reduction of diphenylene-ketone-di- 
ourboxylic acid with sodium-amalgam in the 
cold, si. sol. alcohol, ether, and HOAc. On dis- 
tillation with lime it gives fluorene (Bamberger 
a. Hooker, B. 18, 1036; A. 229, 161).— Ag^A". 

FLD0BE8CEIC ACID CjoH.^O, i.e. 

OO.H.O,H..O(OH) <c*|oh|>0 - 
maybe looked upon as the anhydride of this acid ; 
but the acid itself is not known in the free state. 
Its tetra-bromo- derivative OjoHi^r^O, is a red- 
dish-yellow pp., obtained by acidifying the pro- 
duct of the action of cone, aqueous KOH upon 
eosin. If# di-nitro- derivative is obtained in like 
manner from di-nitro-fluorescein, and forms red 
crystals (from alcohol). 

rLDORESCEIH CjgH.jOj i.«. 

dride of tetra-oxydi-phcnyl-jphthalide. Anhy- 
dride of tetra-oxy-tri-phenylcarbinol carboxylic 
acid. Mol. w. 832. Formted by heating phthalio 
anhydride (5 pts.) with resorcin (7 pts.) at 200°, 
until the mass gets viscid ; the product is boiled 
with water, washed with alcohol, dissolved in 
aqueous alkali, and ppd. as a y<j^ow powder by 
an abid (Baeyer, B. 4, 658 ; A. 183, 1). Accord- 
ing to Mulhauser (D. P. J. 263, 49) phthalio an- 
hydride (17i kilos.) is added with stirring to 
melted resorcin (25 Idilos.), and after heating for 
IJ hours at 180° the reaction begiiw, and lasts 
for 40 minutes. Resorcin and di-oxy-toluene 
C,H,(OH),Me[l;8:4J give with phth^o ahhy- 
dndl fluorescent derivatives, while oroin, 
0|H^0H),Me[l;8;8) does not. Hence, to form a 


fluorescent body the phtbalic acid residue must 
probably go into the position 5. 

Pnmerities.— Dark-red prisms (from alcohol). 
SI. sol. not water, more sol. dilate acids. When 
freshly ppd. it is v. sol. alcohol and ether, but 
in the crystallised state it dissolves only on boil- 
ing. V. sol. hot HOAc, nearly insoL benzene 
and chloroform. 'Bhe ethereal solution is pale- 
yellow, and not fluorescent ; the alcoholic solu- 
tion exhibits green fluorescence. Fluorescein 
dissolves readily in aqueous alkalis, the solution 
exhibiting when dilute a splendid yellowish- 
green fluorescence. It also dissolves in alkaline 
carbonates, baryta, and lime-water. Fluorescein 
begins to decompose at 290°. It dyes silk and 
wool yellow ; biA it has little tinctorial value, 
although it is the starting-point for the eosin 
colouring matters, which are derived from it by 
displacement of hydrogen by Br, I, NO^ Ac. 
On addij^g alcoholic NHj to an ethereal solution 
of fluorescein a reddish-yellow pp. is formed, 
which, however, loses NH, on drying. 

Beactions.—l. Boiling with aqueous NaOH 
and zinc-dust decolourises it. On adding an acid 
and shaking with ether fluorescin C,eH,40t, or 

C02H.CBH,.CH<^*g^|Qg|>0, is dissolved; on 

evaporation it is left as a varnish. Its alkaline 
solution is readily reoxidised to fluorescein. — 

2. Fusion with caustic NaOH forms resorcin and 
the acid C.^H.pOj or C02H.C,H4.C0.C,H»(0H), 
[200°], which on further fusion splits up into 
COj, resorcin, and benzoic acid. — 8. Cone. H2SO4 
forms a compound CjoHjjOsSO, [140°-160°}, 
which is resolved by warm water into its compo- 
nents.— 4. Boiling with H2S04 for some tiine 
forms resorcin-ccerulin, which is ppd. by water 
in dark-red flakes, and dissolves in alkalis, form- 
ing a greenish-blue solution. — 5 . BrominSy in 
HOAc, forms di-bromo-fluorescein GjpHipBrgOi 
[260°-270°] and eosin C,4H4Br404.— 6. Aqueous 
NH, when heated with it for 8 hours forms thick 
orange monocHnio prisms and tables of 
Cj,H,sN,Oj which is a directVellow dye for wool. 

It is probaWj 

(R, Meyer a. Oppelt, B. 21, 3376). 

Metallic derivatives CaCj^,B044aq. 
Obtained by boiling fluorescein with water 
and CaCO, (Schreder, 23. 11, 1342). Slender 
reddish-brown needles with green lustre*-— 
BaOvpH.pO.Oaq: crimson platjs. 

Acetyl derivative CjoHipACjO,. ni00°]. 
Needles (from alcohol-acetic acid). SI. 8<^ alco- 
hol, V. sol. HOAc, insert, ether, benzene, and 
chloroform. ^ ^ ^ 

Beneoyl derivative CjpHipBzjO,. [216°], 
Crystals (from acetone) ; si. sol. alcohol and ether. 

* Ethyl derivative C2oHnEt04. [166°]. 
From fluorescein, K9H, and alcoholic EJtBr at 
120°. Pale-yellow needles (from other) ; ▼. soL 
alcohol, chloroform, and benzene; insol. dilute 
alkalis. * • 

Di-ethyl derivative O^HipEtjO*. Npt 
formed by the action of EtBr on poUssimn 
fluorescein, but sparingly formed by tfce action of 
Btl on the stiver derivative.* Pale-yellow.nl|tWt 
(from alcohol); si. sol. ether and lOcobf ; the 
itiooholic solution shows a vivid ybUow fluores^ 
i oenoe. Not dissolved b/ dilate all^, bi 





FLUORBSCEIN. 


Dp into alcohol and fluorcac^n by cone. EOHAq 
ei 

0 Aioftdc 02 oH,, 0 |CI^ [269®]. From fluor- 
«wdn (1 mol.) and PO, (2 mols.) at 100 ®. 
Prisms (from toloene*aloohol). V. soi. hot bens* 
ene and tolaene, si. sol. idoohol and ether. Not 
affected by aqneons or alo^olio EOH, bnt de' 
stroyed by potash-fasion. « Water and slaked 
lime at 280® reconvert it into fluorescein. Be* 
dooed in alooholic solution by NaOH and zinc* 
dust to 0^„G1,0, [226®]. Sol. alcohol, benzene, 
ether, and acetone (Drewsen, A. 212, 851). Fum. 
ing HlAq at 150® gives which crystal- 

lises from alcohol in plates [230®]. Sol. dilute, 
but insol. cone., EOHAq. 

Be/erenoM. — ^D i-bbomo-, Df-BBOMO-Di-NITRO-, 
Om^BO-, Dl’CHLOBO-TBTBi-ZODO-, and MITBO-FLU- 
OBBSOBIN. 

Homofluoresoein (so-called) OjiHigO.. Pre- 
pared by the action of chloroform and NaOH 
on orcin (Schwarz, B. 13, 543). Bed^metallio- 
green needles or plates. SI. sol. water, alcohol, 
and oold acetic acid, insol. ether, benzene, and 
ligroin. Its dilute alkaline solutions have a 
strong green fluorescence. It is a weak dibasic 
acid. The sodium salt forms fine yellowish-red 
needles, soL water ; the barium salt red needles 
or scales, and the silver salt a dark-red powder. 
Its substitution-products dye wool and silk vari- 
ous shades of yellow and red. 

Tetra-acttyl derivative 
CgH, 40 (OAo )4 + 2H,0 ? Amorphous powder or 
brownish-yellow plates. Insol. water, sol. alcohol. 

Tetra-bromo-homo- fluorescein 
OnHifBr^j. Brown leaflets. Sol. alcohol.— 
NaO^i^r^Of 4aq : microscopic red needles, sol. 
NaOHJ^. 

Tri^iodo^homofluorescein OjjHuIjOj. 
Bficroscopic red crystals.— NaOj^Hj^OsI,. Bed 
microscopic needles, sol. hot water and dilute 
alcohol, insol. NaOHAq. 

Hexa-nitro-oxy -homofluoreseein 
KJjiH„(NOJAaq. Beddish-yellow leaflets. 
Formed by nitration of homofluorescein. By 
boiling with aqueous NH, it forms the acid 
G^hN^O,^ and by the action of EON the acid 
O^ifNgOir The nitrate is a yellowish-red orys- 
taUine powder, explodes at 180®, sol. alcohol.— 
A^Na and h!K%. Small red leaflets. 

H$xa^amido-oxy -homo fluorescein 
0^i,(NHJ,0«. Golourless microscopic crystals. 
Prodoced reduction of the heza-nitro- com- 
pound. • 

Hexa^nitro-homofluorescein-cyamio 
acid OttHuNgO,, aq. Grystalline powder. 
Sparingly sojL water and alcohol. Formed by 
ttie action of SON on the hexa-nitro- compound. 
— A'^K,. Fine vellow soluble needles. 

Compound C^, 4 N, 0 ,«. Beddish-yellow 
powder. Formed by boiling the nitrate of the 
hexa-nitro- ooDnxmnd with aqueous NH,. 

— A''(NHJf IMdish-yeilow scales or small 
yeHow nee^ (Schwan, B, 18, 543). 

pLVOBSSOm OAXBO^TUO ACH) 

Pmpare# br heating zesoioin with trimellitie 
anhy^ (Schreder, B. 11, 1840). Yellow 
amorphous powder ; t. sL sol water and HOAo, 
ml aleohal, ether, and baaieiia. The metal- 


lic derivatives Ba,A^»», and Ca,A% mted mhoi 
phous powders. 

Acetyl derivative CuH^AOsO,: yellow 
flocouli. 

Bt-bronio- derivative C^HjoBrjO,: re 
needles. 

Tetra-bromo- derivative GnHgBrfO, 
red amorphous powder.— KjOj.HjBr^O,. 

FLEOBSSOElE-SFIFHOinO ACID 
0,^i,Oj(SO,^. Beddish-yellow needles o 
prisms. Easily soluble in alcohol and hot watei 
less readily in oold water, insoluble in ether. It 
aqueous solution is yellow, with a slight fluores 
cenoe ; the alkaline solution possesses a powerfu 
green fluorescence. Obtained by heating (fl)-sul 
phophthalio acid with resorcin.— A' "oCaj. Be< 
solid, very solubld in alcohol (Graebe, B. 18 
1129). 

FLUORHYBBIC ACID. HF. (Hydrofluori 
acid. Hydrogen fluoride,) Mol. w.W [-92*3® 
(Olszew^, 3f. 7, 371). (19*44®) (Gore, Pr. 17 
256). S.G. }-f-^ -9879 (Gore, Z.c.). V.D. c. 10 a 
100® (Gore, Fr. 1869. 173) ; 19*6 at 30*5® (Mallet 
Am. 3, 189) ; 25-6 at 26*4®, 10*3 at 88 - 8 ® (Thorpi 
a. Hambly, 0, /. Trans. 1888. 765 ; 1889. 163) 
Vapour pressure at 15° « 394 mm. (Gore). 

Schwankhardt observed in 1670 that glasi 
could be etched by fluorspar and sulphuric acid 
Soheele, in 1771, recognised that this etchinf 
was due to the formation of an acid from th< 
fluorspar ; Wenzel prepared the acid fairly pure 
Gay-Lussac and Th 6 uard, in 1810, examined iti 
properties ; and Amp5re suggested that the acic 
was not an oxygen compound. Gore, in 1868 
obtained the pure acid. 

Formation.— 1. By decomposing calciun 
fluoride {flwrspar) by sulphuric acid.— 2. Bj 
heating acid potassium fluoride, EHF^— 8 . B 3 
the reaction of dry HjS with PbFj. — 4. By heat 
ing AgF in a stream of H. 

Preparation.—!. 200 grams dry KHFj arc 
heated in a Pt retort so long as moisture comet 
off ; the neck of the retort is then connected with 
a small condenser made of Pt, the joint bein^ 
made tight by molten sulphur ; this condensei 
is filled with a freezing mixture, more of which 
can be supplied by a specially arranged ohargiuf 
apparatus ; the condenser ends in a small Pi 
flask, from the neck of which a long Pt tube 
passes upwards. On continued heating^he EHF, 
is decomposed to EF + HF ; the HF is condensed 
and received in the Pt flask ; the air in the ap- 
paratus escapes through the Pt tube, the length 
of which prevents the entrance of moisture. The 
figureshows the arrangement.— 2 . Approximate]]! 



pure liquid HF may be prepared by gently heal 
mg a mixture of p^ oopo. l^O, with so much 
powdered CaF| (free from liUca) that the wholi 




liquid, in a Ft retort oonneoted 
inw 9t rtttall Ft nask or y tube surrounded by a 
freezing mixture.— 8 . An aqueous solution of 
HF is prepared by heating together powdered 
OaF| and oono. ]^S 04 in a leaden retort, and 
leading t^e ^s into water in a vessel of or Pb 
kept cold by ioe (for description of the apparatus 
V. Brieglieb, A. Ill, 880). Commercial HFAq 
^may be purified by passing H^S into it, adding 
enough KjOO, to saturate the H 2 SO 4 and H,SiF<, 
present, decanting from the pp., removing H^S 
by AgCOj,, filtering and distilling fron^ a retort 
of Pb or Pt (Gore, l.c.). The aqueous acid is 
kept in bottles made of gutta peroha. 

Propertiee ,^ — A colourless, very, mobile liquid, 
which fumes in the air and absorbs water very 
rapidly. Bums and inflames if let fall on the 
skin. The vapour is very irritating and very 
poisonous. The anhydrous acid should be kept 
in Pt flasks with tight-fitting Pt caps covered 
with paraffin. Solidifies at - 102-5® and lique- 
fies again at -92-3° (Olszewski, M, 7, 371). A 
oono. aqueous solution of HF is a colourless, 
strongly acid liquid, which fumes in the air; 
when distilled at 760 mm. HF is evolved and a 
liquid remains, containing 86-88 p.c. HF ; when 
this acid is kept in contact with chalk for a little 
the liquid then contains 32*6-82-7 p.c. HF ; when 
dilute HFAq is distilled at 760 mm. water is 
evolved until the liquid contains 32-2-82'4 p.c. 
HF, when the composition remains constant 
(Rosooe, C. J. 18, 162). S.G. of HFAq 36-9 p.c. 
HF =a I'iS ; S.G. of most cone. HFAq = 1*06. 
Binean regarded the acid of 85*9 p.c. as a hydrate 
HF.2H3O, but Boscoe’s observations, which show 
that composition varies with pressure, render 
the existence of a definite hydrate improbable. 
When HFAq is neutralised by soda much heat 
is produced; [HFAq,NaOHAq] = 16,272 {Th. 
1, 167). Addition of HFAq totheNaFthus formed 
causes disappearance of heat [NaFAq.HFAq] 
■» —288 (Thomsen). The heat of neutralisation 
if HFAq is 18 to 19 p.c. greater than that of the 
analogous haloid acids ; HF is the only haloid 
acid the reaction of which with its own alkali 
salts is attended by the disappearance of a con- 
siderable quantity of heat. Tlie relative affi,nity 
of HFAq is extremely small, being less than 1 
if that of HOlAq is taken as 100 (c/. AFFXinTT, 
toL i. p. 76). 

Molecular weight— U HF is the molecular 
formula of fluorhydric acid the vapour density 
of the compound must be 10 (H = 1) ; Gore de- 
termined the y.D. indirectly by heating a known 
volume of H with a slight excess of AgF and 
measuring the HF produced ; at 100® the volume 
of HF was approximately double that of the H, 
but at lower temperature; it was considerably 
less (TV. 1869. 173). Mallet weighed the HF gas 
in a flask coated internally with paraffin; at 
80*6® the V.D. was found to be 19*6, which cor- 
responds fairly well with the formula HjF, (Am, 
8, 189)* Thorpe and Hambly (G.V. TVans. 1888. 
766; 1889. 168) have determined the VJD. of 
HFin a specially constructed apparatus of Pt; 
they made 14 experiments at temperatures be- 
tween 26*4® and 88 * 8 ® ; the V.D. varied from 26*6 
at 26*4® to 10*8 at 88 * 8 ® *, these results rather 
point to the gradual breaking down of a complex 
molecular group as temperature rises, with final 
pcoduetioii of molecules of HF, tiian to the exist- 


ence of defini te m olecules of huF. at one tem* 
peratme and HP at another. ^They have also 
examined the effect of altering pressure, 4t con- 
stant temperature, on the V.D. of HF. The tem- 
perature chosen was 32°, because the VJ>. at 
this temperature and 760 mm. pressure corre- 
.spends with the formula A small lower- 
ing of pressure wa^accompamed by considerable 
decrease of V.D. ; hence there is no evidence of 
the existence of a stable gaseous molecule HF,. 
Nevertheless the results do not negative the view 
that the composition of the chemically-reacting 
unit of fluorhydric acid is represented by the 
formula H^F,. This view is in keeping with 
the readiness with which fluorides such as 
OHF( at KHPj)^re produced (u.Fluoridxs). But 
it might be argued that the existence of the salts 
KF.2HF and KF.3HF (Moissan, G. B. 106, 647) 
points to the existence of the acids HF, and 

H4F4. 

BeadHons. — 1. When dilute HFAq is electro^ 
lysed in a Pt vessel, H and 0 (with ozone) only 
are evolved ; if the solution contains 80 p.c. HF 
the acid is decomposed, H is evolved at the 
kathode, and the anode is attacked by the F 
there produced (Gore, Pr. 17, 256). Electrolysis 
of liquid HF kept at — 23° results in production 
of fluorine at the anode (Moissan, C. B. 103, 202, 
266) ; for details of apparatus, <feo. v. Fluorine, 
p. 461.— 2. Liquid hydrofluoric acid at -29° 
to — 18® does not react with no«-metoZs, nor with 
metals except the alkali metals ; it reacts vio- 
lently with many anhydride, e.g. P^O,, SO,; 
chlorides of alkali and alkaline earth metals are 
decomposed, also chlorides of phosphorus, anti- 
mony, and titanium ; many organic bodies are 
rapidly charred ; paraffin is unchanged ; glass is 
unattacked by perfectly dry liquid HP, but if a 
trace of moisture is present SiF4 is formed (for 
other similar observations v. Gore, Pr. 17, 266 ; 
2V. 1869. 173).— 3. An aqueous solution of hy- 
drofluoric add reacts with metals and metallic 
ox^es very similarly to HClAq, forming fluo- 
rides, and evolving H with metals, and forming 
water with metallio oxides * silicon, boron, tan- 
talum, and girconium, are dissolved by HFAq. — 
4. Silica and silicates are rapidly decomposed by 
HFAq with evolution of gaseous SiF, ; if water 
is present in considerable quantity the SiF4 re- 
acts with it to produce silicofluorhydrio acid 
HjSiF, {v. SiLico-rLuoRiDES under Shjoon). This 
reaction is made use of in etching glass.— 6. Ti- 
tanic, tin, tantalic, molybdic, aid tungsUc ooMes, 
which are insoluble in most acids, are dissolved 
by HFAq forming fluorides, which then combine 
with HF (v.Titano-pluobides, Stanno-fluobxdks, 
<ko., under Titanium, Tm, Ac.).— 6. With metalUc 
oxides HFAq reacts to form fluorides, and in 
many oases these combine with oHF (u. P^uoB- 


S>X8). 

OomWnafions.— With mmjfluorides to form 
salts, of which KF-Hf*, NH 4 F HP, BiF^ 8 Hf , and 
SiF 4 . 2 HF, are typical Certain of mese com- 
TOunda of HF with^uorides are best regarded av 
ustinot acids, e.^. BiF 4 . 2 HF reacts as acid 
forming salts, M'ySiF,, known\M siUco-ftumda ; 
stamo-fiuofrides, tantalo-fluorides, Ac., an alst 
known ; these salts are described under tinir te^ 
speotive headings as sections of the a|ti 6 lei 
Siuoov, Tor, Tamtaluii, Ac. (o. also F»fO]|aaM) 



i^juuunii^rio. 


TLTTOBIDSl^. Bi^Stury eomwwids of F with 
9^htr ttmunU* Fluorides of all the metals with 
the exception of 10 orl 2 (and these mostly rare 
metals which have not been at all thoroughly ex- 
amined) have been prepared. Fluorides of the 
following non-metals are also known, viz. B, H, I, 
P, Se, Si and Te ; no fluoride of Br, 0, Cl, N, or 
0 has yet been isolated. Fluorides are preparea 
( 1 ) by the reaction between HFAq and metals or 
metallic oxides ; ( 2 ) by heating fluorspar and 
with met^ho oxides, this method is ap- 
plicable to volatile metallic fluorides; (3) by 
ppn., applicable to insoluble metallic fluorides ; 
(4) by hearing non-metals with HgF, or PbE^. 
Metailio fluorides are generally easily fusible 
solids, similar to, and, as a rule, isomorphous 
with, the chlorides. Some non^'metallic fluorides 
are gaseous at ordinary temperatures, e^g. SiF* 
andPFj; others are liquids, e.g. IFj ; and a few are 
solids, e.g. SbF,. Metailio fluorides are generally 
insoluble in water ; AgF and SnF, am soluble, 
and FeF„ NaF, and KF, are sparingly soluble. 
The fluorides of Bi and Sb are not decomposed 
by water, whereas the chlorides of these metals 
are at once decomposed. Most metallic fluorides 
are very stable, not being decomposed either by 
heat, or by heating with carbon or in oxygen ; 
solutions of these fluorides generally react slowly 
with alkaline silicates forming IlF and basic 
fluorides. Non-metallio fluorides are generally 
more stable than the corresponding bromides, 
chlorides, or iodides; thus PClj is dissociated 
by heat, but PF, is an extremely stable gas. 
Fluorides are decomposed by heating with Cl or 
with cone. BLSO 4 . Almost all metallic fluorides 
readily combine with HF forming acid salts, 
aqueous solutions of which turn blue litmus red 
and etch glass ; these acid salts are decomposed 
by heat with evolution of HF. Some of these 
acid salts are better regarded as distinct acids, 
the negative radicle of which is formed of metal 
and fluorine ; the following probably belong to 
thU class; SnF,.2HF, TiF,.2HF, ZnF 4 . 2 HF; 

Fluorides, as a class, combine to- 
gether to form dorfble fluorides ; the fluorides of 
the ftlkali metals show a remarkable readiness 
to combine with other metallic fluorides ; in many 
eases, but not in all, as many molecules of alkali 
fluoride combine, as there are atoms of fluorine 
in the other fluoride, e.g. BeFj.2NaF, BxF,,3KF. 
These double fluorides are generally more stable 
compounds than corresponding double chlorides, 
bromides, or iodMes. The readiness with which 
acid fluorides and double fluorides are produced 
has suggested that the formula expressing the 
composition of what n^y be called the chemical 
molecule of fluorhydric acid should be written 
HflFf. This is perhaps confirmed by the especial 
ease with which alkali fluorides form acid fluor- 
ides MHF,; thus KP and NaF react with qn 
acid so weak as acetic to form RHF, and NaHF, 
respectively (2KPAq + CAOjAq 
-KFJtt'Aq + O^KOjAq). The fact that 
the quantity of heat which disappears when 
^ HFAq reacts with NaF ambunts to about 2 jp. 4 . 
of the heat of nentralisation of HF by NaOH, 
iriiereas when the other haloid acids react with 
their ^Ik^H salts hardly any heat disappears, 
tends to confirm the view that the reacting unit 
of flnoriiydric add is rather than HF. The 

* m smaU afltoity of fiFAq (less than I whefl 


that of 

junction with the marked stability of the flu< 
ides, also marks off this acid from the otb 
haloid acids. 

Fluorides are detected by gently heating wi 
cone. H 2 SO 4 in a leaden or platinum vess 
which is covered with a piece of glass coat 
with wax, through which lines are traced witb 
needle ; after a little the glass is removed ai 
the wax wiped off when warm ; the glass appea 
etched where it was exposed to the vapour 
HF coming from the fluoride. Fluorides m 
also bo** detected by mixing with microoosn 
salt and heating strongly by a small blowpi 
flame in a glass tube opw at both ends ; HF 
evolved and partially condenses with water 
the upper parts of^the tube ; on evaporating t 
water a dull spot is seen on the glass. 

Fluorides are estimated by evaporation wi 
cone. H^SO^, the residual metailio sulphate 
weighed, and the fluorine is determined by d 
ferenoe. Or the issuing vapour is led into wati 
a weighed quantity of PbO is added, the wh( 
is evaporated to dryness and heated, and the i 
sidue is weighed ; in this process F is substitut 
for 0 ; if d => increase in the weight of the oxi 
of lead used, then 


amount of F in residue 


19-8 


For details, and also for other methods of es 
mating F and HF in presence of fluorides, a 
for separation of F from other elements, a mam 
of analysis must be consulted. M. M. P. M. 

FITTOEINE. F. At. w. 19. Mol. w. 
(Moissan, C. R. 109, 861). For chief lines 
emission-spectrum, v. Salet (A. Ck. [4] 28, S 
and Moissan (C. R. 109, 937). 

Schwankhardt, in Niirnberg, ( 
served in 1670 that glass is etched by conti 
with sulphuric acid and fluorspar. About 1 
years after this, Scheele showed that the etclii 
observed by Schwankhardt was due to a distil 
tive acid produced by the reaction between t 
fluorspar and sulphuric acid. Gay-Lussac a 
Th 6 nard obtained this acid in 1808 {A. Oh, ( 
204), and endeavoured, unsuccessfully, to dem< 
strate the presence of oxygen in it. In Ifi 
Ampere declared the acid to be analogous to I 
drocliloric acid, and to be a compound of H wi 
an element resembling chlorine. To thca elem( 
he gave the name of Phtor {(i>d6pios = destroyinj 
but the name fluorine was generally employed 
asmuch as it suggested that the etching co 
pound of the element was obtained from fluoraj 
(spathum fluoricum). The investigations 
Fremy (A. Ch. [3J 47, 6 ) and Gore {Pr. 17, 25 
Tr. 1869. 173) rendered certain the compositi 
of the acid first obtaifled by Gay-Lussac and Ti 
nard, Davy, in 1809 and 1813 {Tr, 1809 ; 18 
263) endeavoured to isolate fluorine by leadi 
01 over heated AgF ; as he obtained a gas whi 
seemed to be 9 he concluded that F had proba 
been liberated, but had reacted with the gla 
He than used Pt vessels, but obtained fluor 
of Pt ; a trial with vessels of fluorspar was \ 
successful. Bandrimont {J» pr, 7, 447) hea 
a mixture of fluorspu, MnO,, and H 4 BO 4 ii 
glass vessel, and obtained what he declared 
be a mixture of HF, SiF 4 , and F ; he descril 
F aa a y^owish gas which bleached, did not 1 
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on gla^ tnd oombined with gold ; the gas was 
probably 01 derived from ohlorides in the fluor- 
spar UBM. Knox attempted to decompose HgF 
by 01 in a vessel of fluorspar {J. pr. 9, 118) ; he 
obtained HgCl and a yellowish gas which r^idly 
acted on glass. S. J. Enox electrolysed HF and 
PbF^, and obtained a colourless gas, which did 
^ot act on Au or Pt [J. pr, 20, 172). Louyet 
(PA. 0. 1847. 821) again attempted to decompose 
HgF by 01, using a vessel of fluorspar. He ob- 
tained a colourless gas which did not attack 
glass, decomposed water at the ordinary tempe- 
rature, and combined directly with all metals 
except Au and Pt. Kiimmerer (J. pr. 85, 467) 
allowed 1 to react with AgF in aVacuous glass 
tube at 70®-80® ; he obtained a colourless gas, 
which was wholly absorbed oy KOHAq, but did 
not combine with Hg. Phipson {J. pr. 88, 63) 
thought he had isolated F by the reaction be- 
tween CaFj, KMnO^, and H^SO^ ; he described it 
as a colourless gas, which bleached, decomposed 
water rapidly, and was without action on glass. 
Prat (C. B. 64, 846, 611) decomposed KF by 
heating with MnOj and KNO,; he treated the 
gas obtained with baryta, and described the re- 
sidual gas as F; it was colourless, combined 
with most metals, also with B and Si, but not 
with SiO]. Gillis repeated Prat’s experiments, 
but obtained only 0 {Z. [2] 4, 660). Renisoh 
(N. J. P. 12, 1) obtained what he regarded as a 
mixture of 0 and F by heating cryolite with 
PbOj and K^SjO,. Gore attempted to prepare 
y by decomposing AgF by Cl {C. J. [2] 7, 368). 
Varenne noUced the production of a gas which 
attacked Pt by heating (NH^)2Cr30, with HP 
(C. B. 91^ 989). 0. Ldw (J5. 14, 1144, 2440) 
thought that the gr eenish gas obtained by break- 
ing up fluorspar from Wdsendorf was F; he 
traced the F to the presence of a fluoride of 
Ce, which was decomposed with evolution of F. 
Brauner in 1881 {B. 14, 1044) obtained a gas 
more or less resembling Cl by heating CeF„ and 
also by heating PbF^. In 1886 Moissan electro- 
lysed dry liquid HP in a Pt tube by means of a 
powerful battery (0. B. 102, 1543) ; H was ob- 
tained at the negative pole, and at the positive 
pole a gas was formed which decomposed water 
with production of ozone, and was wholly absorbed 
by Hg with formation of HgF, ; the gas combined 
energetically with P and Si, A little later (C. JR. 
103, 202, 266) Moissan repeated the electrolysis 
of HF and obtained F. 

Preparation, — The apparatus used by Mois- 
san consists of a (J-i^be of Pt, with stopper of 
fluorspar and Pt delivery tubes; the posit^e 
electrode is formed of an alloy of Pt with 10 p.o. 
of Ir J KHFg is dried at 10y°, and then in vacuo 
over H2SO4 and EOH ; the salt is then heated 
in a Pt retort, and the HF is condensed in a Pt 
receiver surrounded by a freezing mixtm’e. The 
HF is placed in the (J-l^^be which is surrounded 
by CH,C1 boiling at -23® ; the current from 20 
Bunsen cells, coupled in series, is passed through 
the liquid; any traces of water m the HF are 
decomposed with formation of gases at the posi- 
tive p(M ; when the HF is perfectly dry electro- 
lysis stops, a little perfectly dry KHF, is dis- 
solved in the HF, and the conductivity is thus 
increased. H is now evolved at the neMtive 
pole, while at the positive pole there is produ<^ 
a colourless gas in wbioh Bit Bi 4si Sh| 1 
Voh.U* 


take Are, and wnioh decomposes formJti| 
HF and ozone, and posSbsses other distinotivi 
properties quite different from those belonging 
to a mixture of HF and ozone (v. Properties and 
Beactions), 

, To detem^e whether this gas was really F 
or a perflnoride of H, Moissan connected the 
electrolytic apparaths with a Pt tube oootaining 
KF, to remove traces of HF, and then connected 
this tube with another made of Pt containing a 
weighed quantity of iron wire, and attached to 
an apparatus for collecting any gas which might 
come from the tube. The whole apparatus was 
filled with dry COj, and an arrangement was 
adopted for collecting and measuring the H 
evolved at the nd^ative pole. The tube contain- 
ing the iron wire was heated to dull redness, the 
U'tube was cooled to -60®, and electrolysis woi 
begun. The weight of iron fluoride formed wai 
exactly equivalent to that of H evolved; no gas, 
except a trace of air, was obtained from the tube 
in which the iron wire was heated. Hence the 
gas evolved at the positive pole was fluorine. 
Moissan says that as much as 1*6-2 litres F can 
bo obtained in an hour by this method. He 
also states that the gas is formed by electrolysis 
of fused KHF^ 

Properties and Reactions.— Fluorine is ft 
pale yellow-green gas. It decomposes toater, 
forming ozone and HF. Crystallised silicon, 
boron, arsenic, antimony, sulphur, and iodine, 
take fire at once in the gas. It attacks metaie 
less readily, probably because a film of fluoride 
is soon formed on the surface. Powdered iron 
and manganese bum brilliantly in F, when 
gently heated. Organic compounds are rapidly 
decomposed, alcohol, ether, benzene, (fire., take 
fire at once in the gas. F combines violently 
with hydrogen even in the dark. 

Fluorine is allied to Cl, Br, and I ; the ana- 
logy is shown in the composition and properties 
of its compounds, but there ate points of differ- 
ence (v, I^noBUTDRio Aoin and Fluobidbs). 

The atomic weight of flubrine has been de- 
termined (1) from determination of V.D., and 
analyses, of HF (Gore, Pr, 17, 256 ; Tr, 1869. 
173; Mallet, Am. 3, 189; Thorpe a. Hambly, 
C. J. Trans. 1888.705; 1889. 163); (2) by con- 
verting CaFj into CaSO, (Louyet, A, Ch. [8] 26, 
296 ; Dumas, A. Ch. [3] 55, 170 ; De Luca, 0* R, 
51, 209) ; (3) by converting NaF to NajSOi, KF 
to K^SO,, and PbF* to PbSPi (Louyet, l.e.\ 
Dumas, l.e .) ; (4) by treating Mn2F,.4NH4F witii 
HCl and KI, and estimating the I set free by 
titration with NaoS.O, (Christensen, J.pr, [9] 84, 
41). M.M.P.M. 

m.FLUOBO-ANILINEC«H 4 FNH,[l: 8 ]. From 
CaH,(NHAo).Na.NC,H„ and cone. HF (Wallaoh, 
4.235, 266). Oil.— (B'H01)aPt0l4. 

p-Pluoro-anillne C^F-NH, [1:4]. fo. 189®), 
S.G. 1-163. Frdb p-fluoro-nitro-oeiweiM^ 
BnCl„ and HCl (Wallach, A, 935, 967). Liquid 
which solidifies in a bath of ether solid iod 
• 0 ,. • 

Balt8.-B'Ha-(B'HCl)^0^ 

Aeeiyl derivaiivs C,H^.NHAe. [161^ 
81. sol. water (Wallach a. Heusler, A, 948, 99^ 
FIVOBO-BENZENE 0^^. Mol. m 96. 
(85®). S.G. V ^'0236. Mo P46778 (WaBilth i. 
Heusler, 4. 248, 219). V J>. 8*18 (01^. 

By beating potaiyuii 

9Q 
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I^ro-beniene tolplioaate with oono. HOlAq 
(Paternd a. Oliveri, 0, 18, 538).— 2. By decom- 
posing diazobenzene piperitude with cone, 
aqueous hydrofluorio acid, the escaping gases 
being very well coded (Wallaoh, -d.235, 266). 

Ptoperties. — Liquid which i^difies in ether 
and soud carbonic acid. The so-called fluoro-' 
benzene described by Schmitt a. Gehren (/. or. 
[2] 1, 89^ was phenol. 

jp-Di-fluoro-benzene C,HjP,[l:4]. (88®). S.G. 
1*11. Formed by decomposing p-fluoro-benzene 
diazo-piperidide with hydrofluoric acid (Wallach 
a. Heusler, A, 243, 224). Liquid solidifies at a 
very low temperature. 

j>.FLnOBO-B£KZ£B£ SULPHONIC ACID 
0|H4F.S0^[1:4]. From p-amtdo-benzene sul- 
phonio acid by displacing NH, by F (Lenz, B. 
10, 1187; 12, 580). The salts are v. e. sol. 
water and alcohol. 

Chloride [36®]. Trimetric 

tables or long ne^es ; sol. benzene, chloroform, 
and ether. 

Amide [123®]. Trimetric 

plates or long needles. SI. sol. water and benz- 
ene, V. sol. acetone and alcohol. 

o-IXTrOEO-BENZOIC ACID C,H4F.COaH[I:2]. 
Mol. w. 140. [118®]. Prepared by treating 

O-diazo-amido-benzoio acid with cone. HFAq 
NH^O,H,(COjH).NyC,H4CO.,H + 2HF 
- 04H4(nh,f)C02H + c,h;f.co2H 

(Pat6m6 a. Oliveri, Q. 12, 85). Colourless silky 
needles (from hot water). V. sol. alcohol and 
ether. More soluble in water than its isomerides. 
BaA', 2aq: laminsB, v. e. sol. water.—GaA 2 : 
laminm, v. e. sol. water. 

w-liuoro-beiizoie acid C4H4F.C02H[1:3]. 
p24®]* From m-diazo-amido-benzoic acid and 
eono. aqueous HF (P. a. 0.). Lamins, resem- 
bling benzoic acid* — NaA'aq : opaque scales. — 
colourless needles (from hot water); 
quickly altered by exposure.— BaA', 3aq : v. sol. 
hot water. — CaA'gOaq: pearly plates. 

Hethyl ether MeA'. (194®). Aromatic oiL 

p^nero-benzoie acid CgH^F.COjH [1:4]. 
[182®]. Prepared by heating p-diazoamido- 
benzoio acid with concentrated aqueous hydro- 
fluorio acid ; on cooling, the greater part of the 
fluoro-benzoic acid separates out, while the 
hjdrofluoride of p-amido-benzoic acid [211®] re- 
mains in solution (Schmitt a. Gehren, J, pr. 
[2] 1, 894 ; Patemd, G, 11, 90 ; 12, 85). Obtained 
alM by oxidation of p-fluoro-toluene (Wallach, 
A. 236, 263). L&minas or needles, smelling like 
benzoic acid, si. sol. cold, v. sol. hot, water ; v. 
sdL i^hol, ether, and benzene. Volatile with 
steam. Does not etch glass. Cone. HNO, gives 
a flnoro-nitro-benzoio acid. Cone. H^SO^ dis- 
solves it without alteration. 

Salts*— BaA'.4aq: colourless ill-defin^ 
larnin®, xn. sol. hot water.— CaA^,8aq: lar^ 
prisms.— AgA': yeUow plates (from water). 

Mihyl ether EiAf: crystalline; may be 
distilled. 

Di-fluoro-bansoic acid [282®;|. 

Formed by the aqtion of chromium perfluoride 
(from ClaF„ and H^SOJ upon benzoic 

aeid(Jack6raa. Hsmom, B. 18, 1993; Am. 7, 
848 ). Flat white needles, sd* hot benzene, ^ 
•oL hot water, nearly insoL cold water. 

8alts,^A'|^ 8aq : lo&g silky needles. S. *6 


p.FLF0K0.B£0M0-BX9ZflirBCUS3zFri:tfl 
[-150 to -20®]. (158®). S.G.Wim Prom 
p-fluoro-aniline by diazotisation and treatment 
with cuprous bromide (Wallaoh a. Heusler, A. 
248,226). OU. 

p-FLD0£0-CHU)B0.B£NZ£ir£ 0,H.01F. 
(181°j. S.G. ^ 1‘226. From p-fluoro-aniline 
by diazotisation and treatment with cuprous 
chloride (Wallaoh a. Hensler, A. 248, 226). Oil ;* 
volatile with steam. Solidifies at a very low 
temperature. 

o-FirOEO-CINNAMIC ACID 0,H,F0a i.e. 
OBH^P.CHrCH.COjH. From the sulphate of 0 - 
diazo-oinnamio acid and HP (Griess, B. 18,961). 
Long needles. * V. si. sol. boiling water, v. sol. 
alcohol. 

FLD0E0-ip-CUM£NE 0,HaMe,P [1:8:4:6]. 
[27®]. (176®). Fromdiazo-«|/-onmenepiperidide 
and cone. HFAq (Wallach a. Heusler, A. 243, 
231). Volatile with steam. 

FIDOEO-HIPPUEIC ACIDS 
0,H4F.C0.NH.CH2.C02H. The fluoro-benzoic 
acids are transformed by the animal organisms 
into the corresponding fluoro-hippuric acids, and 
may be extracted from the urine by evaporating 
it to a s^rup, treating with alcohol and filtering. 
The residue, on distillation of the alcohol, is de- 
composed with hydrochloric acid and taken up 
with ether, which on distillation leaves an oily 
mass from which the pure acid is obtained by 
conversion into the calcium salt and decomposing 
this salt with hydrochloric acid (Coppola, G. 13, 
622). 

o-Fluoro-hippurio acid [121®], Crystallises 
in prismatic, iridescent needles, v. sol. ether and 
alcohol, si. sol. chloroform, insol. carbon disul- 
phide and benzene. It is decomposed’by fuming 
hydrochloric acid into glycocoll and o-fluoro- 
benzoic acid. 

nt-Fluoro-hippuric acid [163®]. Prismatic 
needles, V. sol. hot water, alcohol and ether, insol. 
carbon disulphide and chloroform.— OsA '2 2aq: 
rectangular lamina.— PbA', 5aq : small lamina. 
— ^AgA': flocculentpp. 

p-Fluoro-hippurio acid [161®]. Pearly 
neemes (from ether). Insol. benzene, CSg, and 
chloroform, sol. alcohol, ether, and boiling 
water.— CaA', 2aq : four-sided tables, v. e. sol. 
water and alcohol. 

p-FLXrOEO-IODO.BENZENE 0,HJF [1:4]* 
(183®). Formed by decomposing ^fluoro-diazo- 
benzene piperidide with cone, hydriodio acid 
(Wallaoh a. Heusler, A. 243, 227). Oil, volatile 
with steam, solidifies at low temperatures. Cone. 
BOHO, liberates iodine with the formation of 
fluoro-nitro-benzene. 

n.FLTTOEO.inTEO.B£FZ£K£ CfiJtmOX 
[24®]. (206®). 8.G. 1-326. Formed from 

0«H4(N0,).N2.NC^,« and cono. HF (Wallach, 
A. 236, 264). Formed also by nitration of 
fluorobenzene. Oil, heavier than water; smells 
like almonds, t 

FLDOEO:P-OZT-B£VZOIO AOID. Methyl 
derivative Fhtoro-aniaic 

add* [204®]. From amido-anisio acid [181®] 
by the mazo- reaction (Patemd a. Oliveri, G. II, 
92). Colourless needl^ sol. water and aloohoL 

jp-ILFOBO-PHXirOL [1:4]* (187*% 

Fonned by diaiotislogi>-fluoro-anfliii6 and bdU 
ing with water (Waui^ a. Heusler, A. 

1^ Mi4Moi4iiter7te«perat^ 
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vA^AjuvuAU-iixroJElfTL Oi^gFa t.e. 
F.OA-CW- [89°]* (266®)- Formed by de- 
oomposing bi'diazo-dipnenyldipiperidide with 
oono. HFAq (Wallaoh a. Heusler, A, 243, 234). 
Cryetalline, v. eol. alcohol, ether. 

p-FLUORO-TOLFENE 0H,.0,H,P. {117®i. V.). 
S.U. 3A *992. Prepared by heating its sulphomo 
<acid |obtained from ( 1 , 4, 2 ) amido-tolnene Bal- 
phomo acid) with oono. EGlAq in sealed tubes 
(Patemb a. Oliveri, 0, 18, 635). Obtained also 
from p<diazo*tolaene piperidide and oqno. HF 
(Wallaoh, A. 235, 261). Smells like benzo* 
nitrile. CrO, and aqueous HjSO* at 160® give 
p-flnoro-benzoio aoid [182°J. « 

FLFOBO-TOLUIO AOIO 
0*H,MeF.COjH[4:8:l]. [161*]. From amido- 
toluio acid [165®] by ^e diazo- reaction (Patem 6 
a. Oliveri, 0» 12, 88 ). Needles, sol. water and 
alcohol. 

FLUORBPAR. Oaldum fiuorids (p. voL i. 
p. 665). 

700T-HFCIV p. Pbotbzdb, Appwidia 0. 

FORMAMIDIKE OH,N, i.e, NB^OH:NH. 
Amiio4mido>fnethant, Formimidamw, Me- 
tkenylamidine. Formed from the compound 
(HON)i 8 HCl by decomposing it with alcohol at 
100 ®; the products being formic ether and form* 
amidine (Gautier, A. 145, 118 ; Glaisen a. Mat* 
thews, 0. J. 41, 266). Formed also by the action 
of alcoholic ammonia on formimido* ether 
NH;OH.OEt (Pinner, S. 16, 357). Hydro- 
chloride BTOl. [81®]. Crystallises from 
alcohol in warty masses or in flat transparent 
plates. Very hygroscopic. Split up at 100® 
into HCN«and NH 4 CI. Potash ^ves formic 
acid and NH,. Heated wth acetic anhydride 
and sodium acetate it yields di-acetyl-form- 
imidomide and tri * acetyl • formamidil 
[224®] (Pinner. B. 17, 171). 

Platinochloride B',H,PtCl,: orange octa* 
hedra, t. sol. water. 

Di-aeityl-derivaiive NHAo.CH:NAc. 
Formed as above and together with a di- 
basic isomeride by beating orthoformic ether 
with acetamide at 180® (Wichelhaus, B. 8 , 2). 
Short tUck prisms, sublimes without melting 
(Pinner, B. lo, 1660). SI. sol. cold water, v. si. 
sol. alcohol. 

POBinLMIDOXIMCH,N,Oi.«.NH,.CH:NOH. 
Isuretine, Methenyl-amidozim, [105®]. MoLw. 
60. Formed by the action of an alcoholic solution 
of hydroxylamine on a concentrated aqueous solu- 
tion of HON in ^e cold ; the product is evapo- 
rated at 40® (Lessen a. Schifiordeoker, A. l6^, 
295). Trimetric prisms (from alcohol). V. sol. 
water, sL sol. cola alcohol. , Its aqueous solution 
is alkaline in reaction and ppts. ^ts of Gu, Pb, 
and Hg. At 140^ it splits up into GO^ NH,, and 
ammebde. Boiling water resolves it into formic 
aoid, nitrogen, and NH, ; a small Quantity (1 pt.) 
of water when heated with it (1 pf.) mves biuret, 
urea, guanidine, OOg, nitrogen, and NH,. Dilute 
acids split it up into formic aoid, NHg, and hy* 
drozylamine. 

Salts.— B'HOL [60®]. Very deUquesoeni 
trimet^ tables, si. soh alcohol— B'gHgSOg; 
needles, v. e. sol. water.— BTELGiO, s ll*t pnsms, 
m. soL water.-BCJH,(NOJ.OH: yeUowprisms} 
tn. sdl. water and icohoT.— OHiN,OHg|0[gO4: 
yidlow floeoalent pp. god by adding BigCl^ to a 


solution of formamidoxim. Explodes when 
heated. V. sol. HClAq. 

FOBK-AKHTBBO. COJCfOUITOS es. Ma- 

THXNTL-OOMPOUNDS. 

FOBXIOACIBH.GOOH. Sydrogened/rhoofyUc 
euyid. Mol. w. 46. [ 2 ®] (Bannoco) ; [ 8 - 6 ®] (Berthe- 
lot, Pettersson, Ekstrand). (100®) (Sohilf, Lan- 
doldt. Person) ; (100-8®) (Zander) ; (101®) (Rosooe). 
S.O. § 1-2416; S 1-246; 1^ 1-231; 1-225; 

l|?l-22; 1*209; 1 -! 


[2] 24, 297); ^ 1*219 (Bruhl); J 1-1829; 
1*1649 (Perkin) ; 1-117 (Zander). S.V. 41-08 

(Sohiff) ; 41*1 (Zander). VJ). (at 111*6®) 2*88 
corresponding t(^ molecular formula 2H,CO,; 
(at 160®) 1*81; (at 214°) 1*62 (Pettersson and 
Ekstrand, B. 13, 1194). 8 .H. (0®-100®) *619 
(Pettersson). G.B. (0®-10°) *0097; (0®-20®) 
•0196; (0®^0®)*0509; ( 0 ®- 100®)*11 (Zander, A. 
224, 66 ).« fl.C. (at 100®) 70,760. H.P.p. 96,980. 
H.F.V. 96,360 (Thomson). M.M. 1*671 (Perkin). 
E 35 13*61. A* {Constant of ca^llarity) 5*284 
(H. Schill). Heat of solution in water 2'hh (sol), 
*08 (liq.) (Berthelot). Latent heat of fusion 
57*38 (Pettersson). 

Occurrence,— h In the red ant (Formica 
rufa)f from whence the acid derives its name 
(Marrgraf, Dies, Upsala, 1777).— 2. In cater- 
pillars, especially Bombyx processionea (Will, /. 
1847>-d, 546), and Ccrura dicranura^ the secre- 
tion of which contains 87*5 p.e. of the acid 
(Poulton, B, A. 1887, 766).— 8. In various secre- 
tions of the human body, viz. the blood, spleen 
(Soheerer, A, 69, 199) and sweat (Schotun, 
1852, 704). — 4. In plants, viz. stinging nettlM 
(Gorup Besanez, A. 72, 267), the fruit of the 
soap tree, Sapindue saponaria (ibid, A. 69,869), 
in tamarinds, and in the needles of Pmus oMes 
(Bedtenbaoher, A. 47, 148). It is also found as 
one of the products of oxidation of crude turpen- 
tine oil (Weppen, A. 84, 235 ; 41, 294; Laurcot, 
J,pr, 27, 816).— 5. In the mineral waters of Pi^s 
Lofen (Pettenkofer, Kastn. Archiv, 7, 104), of 
Brtickenau (Soheerer, A. 99,* 257), and to the 
deposit from the waters of Marienbad. 

Synthesis.— 1. By passing carbonic oxide 
into damp alkali heated to 100 ®: GO-fKHO 
-KCOOE (Berthelot, C. B. 41, 955); the re- 
action takes place best with soda-lime heated to 
190®-200® ; above this temperature the formate 
is decomposed with production of carbonate. If 
the materials are ^ no combination oconrs 
(Men and Tibiriqa, B, 18, 23). The addition Of 
alcohol promotes the absorption (Piritiringa, 
Inaua, JHss.t Zuriob, 1879).— 2. By toe action of 
the silent eleotrio disoharge on a mixture of Car- 
bonic aoid and hydrogen GOg-f B^wJ^OOg 
(Brodie, Pr. 21, 245).— 8. By passing a current 
oi damp carbonic acid over metallio potassiuin 
200,-fEg-i-0Hg»HGp0£+KHC0, (Kolbe and 
Schmitt, A. 119, 2511* 

FormaHon,—!. By toe oxidation of Wood 
spirit (Dumas a. F^ot, A. 15, 7; Dumas a. 
^,^.85, 187) As. By heating wood 
with a mixture of lime and potato pumas a. 
Stas).— 8 . By heating hvdrooyanio aoid wito 
ooneentrated alkalis or mmeial acids ptomao^ 
A. Oh, [ 2 ] 48, 896; Geiger. A. 1,44 ),-h|bJ 
toe deoon^tion of oisalic acid by hiai (GiW- 
IiQiBa(l|A.CA.[814A218J. TheymiCbtoch 
totoiWiy adoitioo of glyoeito mattoito 
aoi 
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(BeHhelot, v. infra). An aqtteons lolation of case the prodnot if apt to be eontammatea wini 
oxalio acid in presence of uranic oxide is decom- solphor products (Liebig ; Wdhler). 
posed by sunlight into CO, and formic acid (Bee- In the above process the crystallised oxalic 
xamp, A. 122, 113).— -6. decomposition of acid decomposes into water, carbonic acid and 
chloral and trihalogen derivatives of methane formic acid, the last of which combines with 
(Liebig, A. 1, 108; Dumas, B, J. 15, 87JO, or, the glycerin to produce monoformin, which 
by heating chloroform wi^ aqueous NM, in is subsequently decomposed by water into 
B^ed tubes at 200^->225**,20]a01,+7NH,+8H,0 glycerin abd formic acid, the equation being 
- CO + 6NH,C1 + HCOONH 4 0. B. 102 , C,H,(OH), + H,C,04 

568).— 6. By adding sodium amalgam to a strong » C,H 4 (OHh(OOHO) + H,0 + CO, 
aqueous solution of ammonium carbonate » 0 ,H,( 0 H),+H 3 C 0 ,+C 0 ,. The details of the 
(NH 4 ),CO, + Na,aHCOj|Na + 2NH, + NaOH process have been worked out by Lorin, Bl. [2] 
(Maly, A. 186, 119).-7. By distiUmg starch, 6 , 7 , 12 ; 20, 241 ; 24, 22, 436 ; 26,617; 87,104. 
sugar, and various albuminous substances with Prpperfite.t.— llie acid solidifies below O*’ and 

manganese peroxide and sulfuric acid (Ddbe* exhibits the phenomenon of superfusion. The 
reiner, A. 8 , 144; Gmelin, F^. 16,66). Other liquid acid is colourless, transparent, and mobile, 
organic substances, such as tartaric acid, gum, It has a pungent* sour taste and odour, and 
linseed 0 ^ woody fibre, and cereal grains, yield when concentrated blisters the skin (Liebig), 
formic acid when distilled with concentrated sul* The vapour pressure of the acid at various 
phuric acid with or without raanganese<peroxide. temperatures has been determined by Landoldt 

8 . By the electrolysis of water through which a (A. Suppl. 6, 164) and Biohardson (C. J, 49, 
current of CO, is passed (Koyer, Z. 1870, 318). 765), some of whose results are given below: — 

9. By the oxidation of coal-gas by ozone (Ma- Prewnre Pressnra 

quenne,BZ.[2]87,298).— 10. By heating alcohol Temperature, lumm. Temperature. In mm. 
with nitric acid (Gaultier de Clanbry, J. Ph. 26, 6*7 13*46 45 102*7 L. 

764).— 11. By oxidation of tri-methylamine with 10 18*4 L. 60 191*2 L. 

alkaline permanganate (Wallach a. Claisen, B. 10*2 17*44 B. 70 280 L. 

8 , 1288).— 12. By the oxidation of carbon (from 20 81*4 L. 80 399*8 L. 

carbon disulphide) with potassium permanganate 29*7 48*33 R. 82*7 891*2 R. 

(Chapman, C. J. 6 , 183).— 13. As an iron-salt 30 61*6 L. 90 668 L. 

by heating carbon disulphide with water and 40 82*3 L. 91*2 629*8 R. 

iron filing (Loew, B. 13, 324).— 14. By heating 44*5 82*97 R. 

lactic acid with sulphuric acid (Erlenmeyer). 

Additional references. — Hulse and Fisher, T, Agtieous acid. — Formic acid mixes in all 
1670, voLv. 2068; Wdhler, P. 16, 307; Hiine- proportions with water. By distillation of aqueous 
fdd, /. j)r. 7, 44 ; Guckelberger, A. 64, 39 ; fonnic acid at standard pressure a 77 p.c. acid 
Stenhouse, P. Af. [3] 18, 122 ; Sacc, A. 51, 214; (107°) is finally obtained, whatever the original 
BUasiwetf, /. pr. 61, 856 ; Liebig, A. 17, 69 ; strength : this corresponds to an acid of mole- 
Oehlen, A. Ch. [1] 83, 208; Lirapricht, A. 97, oular composition HCOOH-t-HjO, and has been 
361 ; Hurst, 0. /. 16, 278. termed orthoformio acid OH(OH)„ the ethereal 

Preparation. — 1. By heating to 60° in a salts of which are described below. But on 
capacious retort a solution of sugar (1 pt.) in alteration of pressure the composition as well as 
water (8 pts.) with manganese peroxide (2*5-3 pts.) the boiling-point alter; thus at 1350 mm. an 
and 1:1 lulphurib acid (3 pts.). One-third of 80 p.c. acid (124*1°), and at 1830 mm. an 88 p.c. 
the acid is added at first; when the violence of acid (134*6°) finally distil (Roscoe, C. J* 16, 270). 
the reaction has abated the remainder of the Perkin (C. J. 49, 778) also concludes that the 
acid is added. The acid formed is condensed in so-called hydrate S.G. ^ 1*1829 is only a mixture 
a receiver, and at the end of the action the dis- of the acid and water. 

tillate is neutralised with chalk, and the filtrate A 30 p.c. aqueous acid has the maximum 
evaporated to the point of crystallisation. The electric conductivity (Hartwig, W. 33, 68 ). 
calcium salt is converted into the lead salt by Reactions. — 1. The acid is completely re- 

addition of leadtOaibonate, and the lead salt de- solved by strong sulphuric acid into oarbonie 
composed by the requisite quantity of sulphuric oxide and water (DObereiner) ; this reaction at a 
acid. — 2 . By heating equal parts of anhydrous tem^rature of 60°“80° starts at first slowly, 
glycerin (or mannite) and crystallised oxalic acid reaches a maximum and then decreases at a 
in a retort to 76°-90°, until carbonic acid is no rate proportional to the mass of acid undergoing 
longer evolveA A fresh portion of oxalic acid decomposition (Veley, T. 1888, 274, 286-297).— 
is then added, and the mstillation continued. 2. The vapour of thc^noentratedaoidlutrns with 
This process may be repeat^ several timps. a dull blue flame (Liebig).— 3. It is slowly burnt 
The d»tUlate finally contains 66 p.c. of the acid, when dropj^ on platinum black (DObereiner).— 
and is redistilled over iinhydrous oxalio acid 4. Gradually oxidised by chlorine (Oloez), more 
whmi a 76 p.c. acid is obtained. This is neutral- rapidly by fhqueous iodio^ or periodic acid 
feed with sodium carbonate, the dry sodium salt (Benckieser, A. 17, 268 ; Millon, Q. It. 19, 271). 
* distill ed with anhydrous oxalio acid, when a 6 . Decomposed by nitric add (Arvidson ).— 6 
29 p.e^ add is obtamed (Lorin). The last trace Heated with emc-auet it is decomposed into oar< 
of water is removed by distillation over boric bonio oxide and hydrogen (Jahn, M. 1, 679).-*~T 
anhydride, or the acid is subjected several times Forms with hromine in presence of carbon disul 
to a freezing mixture, the crystals separated from phide an unstable addition product, which de< 
the liquor, and then al^w^ to melt^ or the dry composes into HBr and GO| (Hell a. Mfihlhafiser 
lead (ot copper) salt is heated at 180° in a B. 11, 246).-8. On dedrolydt it yiridi 0„ ^ 
tgriful of hydrogen lulphidi} in the latter [and goetio add (Bonigi^ 
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m 1S5).^9. Beoomposed bj silent 
sleotrio msoharge into COj, CO, and H,, pro> 
portion of the two former depending on the pres* 
sure (Maquenne, 0. B, 96, 68).~10. ^e aoid 
acts as a strong reduoing agent, precipitating in 
alkaline solution the heavy metals, gold, plati* 
num, and palladium from their solutions. With 
silver nitrate it precipitates silver formate, which 
is subsequently reduced to the metal ; it converts 
mercuric into mercurous chloride, and only on 
protracted heating to metallic mercury. In acid 
solution it reduces potassium permanganate in 
the cold, and chromic acid when heated, and is 
thus distinguished and separated from acetic 
aoid. It also reduces Fehling’s sdution. These 
reducing properties are attributed to the presence 
of the aldehydio group CHO ih theacid.— 11. The 
acid and its salts act as powerful antiseptics and 
anti.fermentatives (Jodin, C. R. 61, 1179 ; Hoff- 
mann, Inaug. Diss.t Oreisswald, 1884). Injected 
into the system they lower the temperature and 
blood pressure, and retard the heart’s action 
(Jahresber. Fort. Pharm. 1879, 127). 

Detection.—l. The solution sup^sed to con- 
tain the aoid or its salts is heated with concen- 
trated sulphuric acid, when carbonic oxide only 
is evolved.-— 2. With silver nitrate they give a 
white pp. turning brownish -black on jailing 
{v. supra).— S. With mercurous nitrate they give 
a white pp. turning grey from separation of the 
metal. 

Estimation. — 1. The acid or salt is heated 
for 1^ hours with sodium acetate and a normal 
solution of mercuric chloride, the excess of which 
is titrated with potassium iodide. Besults 5 p.o. 
too low (Fortes a. Buyssen, C. R. 82, 1604).— 2. 
By a staidlard solution of potassium permanga- 
nate acidified with dilute sulphuric acid.— 3. By 
measurement of the volume of carbonic oxide 
given off by concentrated sulphuric acid. 

Formates. — Formic acid is monobasic, the 
general formula of its normal salts being 
B„(HCOO), ai BgA„ ; double salts ore also known 
of formula R„A„.R'„A„. 

Metaluo Fobmates.— T he salts are all 
soluble in water. Those of the fixed alkalis 
when heated are converted into the oxalates 
with evolution of hydrogen ; those of the heavy 
metals yield the metal. The barium and 
calcium^alts heated with the barium or calcium 
salts of the carboxylic acids yield the aldehydes, 
▼ol. i. p. 107. The salts when heated with water 
in sealed tubes at 176° are more or less com- 
pletely decomposed, those of Ca, Mg, Mn, Fe, Go, 
Ni, Zn, Sn", Pb, Cu, Hg", Ag, yielding an ojfclde 
or carbonate vrith evolution of H., GO,, and GO. 
In the case of the Co and Ni salts some of the 
metal separates, possessiifg highly magnetic pro- 
perties; hrom the Gu salt Cu,0 separates in 
violet crystals mixed with the metd also in 
crystals (Biban, 0. R. 98, 1028, 1082 ; of. Ber* 
thelot, ibid. 1061). 9 

The formates nave been examined by Q6bel, 
Sohweig, Dfibereiner and Liebig ; Crystallo- 
graphio measurements by Heusser (P, 87) ; 

Handl, 8Um. W, 43, 747 ; Zepharovioh, ibid. 48, 
ii. 546; v. Hauer, ibid. 548; d. J. 1861, 480; 
Rammelsbexg, Hand. Kryst. Oh$m. 274 ; Voss, 
hmig. Dias., E5aigsberg, 1887 ; Specific Oravi* 
ties,^ Clarke. B. 13, 1899; SchrOder, P* 14, 
tl ; Heat! of Solatioa and l^ormatioa, BeHbalot, 


0. R. 77, 34 ; Refraction Equivalent, Qlldstone, 

I Pr. 16, 441 ; Kanonnikow, J. B. 16, 134 ; Dis- 
persion (crystals), v. Lang, 8it», W, 81, 105; 
Descloizeaux, Ann. M. 11, 261. 

Aluminium formate, obtained by ppg* 
barium formate with equivalent proportion of 
‘aluminium sulphate ; crystallises with difficulty, 
decomposed by hot^ater with ppn. of aluminium 
hydrate (Liebig). 

Ammonium formate NH^A': monoclinie 
crystals, n:6:c « •884:1:1-269 ; 8 » 1-269, S.G. 1*266 
(Sohr6der). Heat of solution — 2*94, ■ Decom- 
poses when quickly heated to 180° into form- 
amide and water but no hydrocyanic acid 
(Andreasch), while at a higher temperature 
hydrocyanic acid only is produced (Ddbereiner). 

Barium formate BaA', : monoclinie crys- 
tals, a:b:c«» ‘766:1: -864 (Heusser). S.G. 3*213 
(Schrdder), 8*471 (Clarke). Heat of solution 
— 2*44.^ S. 20 to 26 in the cold; insol. alcohol 
and ether.— BaA',2aq (Krasnioki, M. 8, 699). 

Formonitrate BaNOsA'2aq (Ingehhoes, B. 
12, 1680). 

Double salts. Barium-zinc BaAVZnA '2 2aq: 
triclinic crystals, a:b:c = -579:1: -452 ; 6 » 108° 49' 
(Heusser ; Voss). — Barium manganese salt 
BaA'. 2 .MnA '.2 2aq ; monoclinie crystals, a:b:G 
■»1: *769:917 (Heusser).— Panam cobalt salt 
BaA',GoA'.^ 2aq : triclinic, isomorphous with 
the barium zinc salt, as also Barium-niohel 
salt BaA'jNiA'i 2aq, and Barium copper salt 
BaA'^CuA'j 2aq (Heusser ; Voss).— Barittm cop- 
per 2 BaA'j.CuA '2 2aq : triclinic crystals, S.G. “ 
2-747. Barium cadmium BaA'^CdA', 2aq : mono* 
clinic crystals, a\b:c => -898:1:64. S.G. ^ 2-724. 

Bismuth formate. White erystals, 
readily sol. water. 

Cadmium formate CdA',aq: m^o- 
clinic prisms, a:6:c» 1*3^5:1:1*224; i8-=97° 6' 
(Kopp). S.G. V 2-429 (Clarke), 2-477 (Schrdder), 
readily sol. water, dehydrated with difficulty. 

Galoiumformate CaA', : rhombic crystals, 
a:b:c« -759:1: *467. S.G. 2-021 (SchrOdor). Heat 
of solution *66. S. 10 to 12r6 in the cold, insol. 
alcohol. Forms methyl alcohol on dry distilla- 
tion. 

Cerium formate CeA'aq, prepared by 
ppg. a solution of cerous chloride with sodium 
formate, rose-coloured, crystalline powder, con- 
verted into ceroso-ceric oxide, when heated. 

Cobalt formate GoA'.^ 2aq : rose-red crys- 
tals. S.G. M 2-1286. 8. 20 at 20° Voss. 

Copper formate CuA',^ blue transparent 
monoclinie crystals, o:6:c»=l:-996:*771. S.G, 
1*831 (Schrader). Heat of solution -7*84 
(hydrated), *62 (anhydibus). Prepared by neu- 
trwsing formic aoid with copper carbopate or 
freshly ppd. oxide, and spontaneously evapo- 
rating. If the solution is heated the basic salt 
separates out 8. 13*6 to 26 in the cold. 8- 
. 0 . alcohol) *26# 

asio salt CuA',2Cu(OH)j ; pale-greeii pow- 
der, insoluble ; prepared by boiling an aqueous 
l^lution of ^6 novnal salt. 

I Double salts. Copper hydrogen 
CuA',HA'14aq : blue, rhombic, six-sided IkUeSi 
I a:b:c » 1*834:1:1*766, separated, together with the 
I CttSr salt, from a strongly aoid soluthih of 
I 3 mols. SrA', and 1 md. OaMm (Zepherovioh). 
I Copper strontium 2SrA's.0uA^ 8aq : tdclimo 
crystals, a:^"> *744:1:1-0108 (ZepharOfioh), and 
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BtA'/JtA'lfm-- aa « MM (bTlr.). 7613 
(Aiifai)rdL)» jsohimer. 

Didymium formata DiA',. S.0. 3*48. 
S.y.8. 80*8. Violet poWdoTi ^ loL water 
{(Mj% Bt.m48»866). 

Erbinmlomata ErA^iaq: red orystale 
(aUTe,0. JR. 91.882). 

Iron formates. Fammf&maU 
FeAV2aq, ?. sL soL wat« (^enrer-Eestner. 
A. C^. [ 8 ] 68. 480^ 

Firrio formaU FeA^aq: yellow glistening 
oi^Btals, obtained by dissolvi^ recently pre* 
oipitated ferric hydrate in formic acid ; from its 
eolation ferric hydrate gradually separates, while 
a basic salt remains in eolation (^heorer-Eest« 
ner; c/. Ladwig, J, 1861. 488).<r Formo-nitrate 
F^',(N 0 ,)( 0 H )2 8 aq : yellow crystals, readily 
decomposed. Formo-chloride FesA^GltSaq: 
reddish-yellow salt. ?• sL soL water (Scheurer- 
Eestner). ^ 

Lead formate PbA',: rhombic pnsms or 
needles, isomorphoas with barium salt (Heusser). 
S.G. 4-671 (Bddeker, /. 1860. 17; Sohrdder). 
Heat of solution -8*45. S. 1*6 at 16^, 18 at 
100^ (l^oed. F. 1870, 272). Insol alcohol, 
thos differing from lead acetate. The dry 
salt decomposes at 190°. thus PbfOHO), 
• 200,-(*H|+Pb. Basio salts. By boiling 
aqaeons solntion with lead oxide the following 
bfMic salts separate ont PbA^bO, prisms, sol. 
68*6 pts. cola water, PbAf2FbO. Sol 25*6 pts. 
cold, 7*6 pts. water ( 100 °), of strong alkaline re- 
action. PbA, 8 PbO cr^taliine pp. sol 90 pts. cold 
water (Barfoed). 

Formonitrate 8 PbA' 2 Pb(NO,), 2aq : rhombic 
bles, ▼. si. sol (Lucias, A. 103, 115). 

Lithium formate LiA',aq: rhombic crys- 
tals, a: 6 :c » 1: *661; -484 (Handl). S.G. 1-436- 
1*479 (Schroder). 

Magnesium formate MgA',2aq: rhombic 
jprisms and oetahedra. S. 7-7, insol. alcohol 
and ether (Souchay a. GroU, J. w. 76, 470). 

Manganese formate MnA,2aq: mono- 
dinio erystals, a:b:o>- 1-317:1:1-213 ; 3 » 97° 38^ 
(Heasser; Voss). S.G. 1*953 (hydr.), 2-205 
(anhyd.) (SehrO^r). 

Mercurous formate Hg^A',: glistening 
scales. S. *4 at 17°. decomposed when boiled with 
water. Hg,(OHOJ,-Hg,+ H,CO,- hCO, (Gdbel). 

Niokel formate NiA',2aq: green crys- 
tals. 8 .G. U 2*1647 (Clarke). 

Potissium formate EA'. Deliquescent, 
rhomhie eabes. 6 .G. 1-908. [160°]. Heat of 
solution -*98. 

Samarium formate SmA',: white powder, 
f.slsd. 

SiWer formate kgh!i crystalline pp. 
formed by adding silver nitrate to an alka- 
line formate, completely decomposed on boiling 
wi& water. 2 Ag<SsO-*Ag,-»-CO, + H,OOp thus 
differing from the acetate. • 

Sodium formate HaAl: rhombic prisms, 
a:bu!-*919;l;*97; 8 - 68 °^ (Pock, Z, K, 7, 61). 
M.P. 900°. M. sol (waterl.esl sol. (alcohoi)^. 
fosol. (ether). S.^ 1*919 (Schrdder). Heat of 
solution ->* 6 i Decomposed when heated into hy- 
drogen and the oxalate: 2 Na 0 H 0 g"H,-HNa,C, 04 . 
— NaA«.aq. rhombic tables, iol 9 pts. (water), 
the acid salts of sodinm and potassium described 
ly Bineau do not exist 

Bixontium formal# SxAs 2 aq: rhom- 


bic crystals, a:6:e«**608;l!*695 ' 

biting hemihedral forms (Pasteur, i. 81, 
98; Jacobsen. P. 118, 4931 S.G. 9*26 (^yd.), 
2*667 (anhyd.) (SohrOdtf ). Heat of solution 9*78 
(hyd.), *81 (anhyd.), m. sol (water). 

Terbium formate, white powder. If. 
sol water. 

Thallium formate TIA',: v. sol waters 
melts below 100° without decomposition (Euhl- ** 
mann, 0. B. 66, 607). 

Thorium formate ThAV4aq: tables, 
deliquescent (Chydenius, P. 119, 64). 

Ytterbium formate YO.^^,4aq: crystal- 
line aggregates (Marignao, A, Ch. [5] 14, 247. 

Yttrium formate, very soluble^ deliques- 
cent. The philippium formate described by Da 
lafontaine, A. Gh, [6] 14, 238 is probably a mix- 
ture of terbium and yttrium formates, which 
separates in rhombic prisms, a:6:c=» *89:1:1-484 
(Bosooe, 0, J. 41, 281). 

Zinc formate ZnA 2 2aq: monoolinic crys- 
tals, isomorphous with Mn salt. S.G. 2-161 
(hyd.) (Schrdder); 2*167 (Clarke), 2*800 
(anhyd.). Heat of solution -1-2 (hyd.), 1*97 
(anhyd.). 

AiiXTL voRUATEB. Fomtic ethers. 

Methyl ether OgHfO, or MeA\ Mol w. 
60. S.G.*P *967 (S.); J *978 (E.); ^ *982, 
II *969 (Perkin) ; 14 *979 (GrodzU a. Er^er). 
V.D. 2-084 (for 2-08) (Dumas a. Peligot). C.E. 
(0°-10°) *00144 (E.). S.V. 62*67 (S.), 62*84 (E.), 
63*2 (Ramsay). H.O.v, 241,620 (Thomson), 
238,700 (Berthelot). H.P.p. 89,430. H.F.v. 88,270. 
M.M. 2*496 at 16^ (P.). A* 4*944 (S.). 

Occwnrerice . — In crude wood spint (Mabery, 
A, 0, J, 6, 269). 

Preparation, — 1. By adding calcium formate 
(100 pts.) gradually to wood spirit (180 pts.), 
saturated with hydrochloric acid. The distUlate 
is poured back, redistilled, and finally rectified 
over sodium carbonate and calcium chloride* 
(Volhard, A. 176, 183).— 2. By distilling a mix- 
ture in equivalent proportions of sodium formate, 
hydrochloric aoi(C and wood spirit (Bardy a. 
Bordet, A, Ch, [5] 16, 661 ; cf. Dumas a. Peli- 
got, A, Ch, [9] 68, 48). 

IVoperties.— Colourless liquid of ethereal 
odour. 


Mono-chloro-methyl formate'^ 
HCOgCHgCl. Prepared by passing chlorine in 
the dark at 100 ° into methyl formate. 

Perchloromethyl formate GlCO,OCl, (180°- 
186°). S.G.441*724(Oahour8,il.64,816|. When 
padded through a strongly heated tube it is oon- 
vei-ted into carbon oxy-chloride. With alcohol 
it forms ethyl chloro-fqrmate, the equation being 
CaCl^O, + 2 EtOH - 201CO,Bt -t- 2HC1. 

Ethyl ether OgHgO, or EtA'. Mol w. 74. 
( 68 * 6 °) at 764*6 mm. (R Schiff) ; ( 66 ^) (Garten- 
meister); (64‘4S) (Elsdsser). S.G. § *946 (G.); 
} *937 ^Is&sserT; *9064 (Brfihl) ; j[| *9298, ]| 
'9188 (Perkin) ; *873 (S.) {ef, Naccari a. Pag. 


liani, W. Beibl 687). Y-D. 2*693 (for 2*666) (Lie- 
big). C.B. (0°-10^) *001881 (E.J. S.V. 84*37 
( 8 .); 84*6 (G.); 86*14 (E.). 1*3642. Boo ^*61 

B.). M.M. 8*664 at 18*8. HJ'.p. 96,900. HJ*.?. 
HI60. A* 4*528. OriHcalTmperatierem'^'^ 
(Pawlewski), 

By distilling a mixture 
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ifi locUum formate (7 jpts.). 
and eonoentrated aQlphiirio aoid (10 pta.) (Liebig, 
A* 17, 72).— 2. By heating a mixture of glycerin, 
oxalio aoid, and alcohol in a reflux apparatus, 
and then distilling (Lorin, Bl [2] 6, 12).— 8. 
Starch (0 pts.) mixed with manganese peroxide 
(29 pts.), is added to a mixture of sulphuric 
acid (20 pts.), water (5 pts.), and 85 p.o. alcohol 
(16 pts.), and the whole distilled (Stinde, D. P. iT. 
181, 402).— 4. As a secondary product in the 
preparation of ethyl oxalate (j. pr. 83, 1), its 
formation being due to the decomposition of 
mono-ethyl oxalate (Ansohiitz, B. 16, 2412). 

Propwiies. — Liquid, of odour resembling 
peach-kernels. S. 11 at 18°, s5l. alcohol and 
ether. Vapour-tension at various temperatures 
(Naooari a. Pagliani) 


Temp. 

Pres. 

Temp. 

Pres. 

20-2 

193-7 

60-8 

666*9 

81-2 

811-3 

66-1 

782-2 

40-87 

469-9 

60-5 

941-9 


BeacUona. — Decomposed by sodium or , 
Bodium-eUiylate into carbonic oxide and alcohol 
HCOjEt-CO + EtOH (Geuther, Z. 1868, 666). 
With chlorine it yields di-chloro-ethyl 
formatt HCO,C^sCl„ S.G. 1-261, which is 
decomposed when boiled, and by alkalis into 
KCl, potassium formate, and acetate (Malaguti, 
A. 32, 39) ; and per-chloro ethyl formate 
ClCO.,C.Clj (c/. Tbichloracetic acid) (Buoholz, 
Crell. N. Entdeck. 6, 65 ; Gehlen, S. 4, 18 ; 
Ddbereiner, A. 3, 146 ; Kopp, A. 66, 180). 

Propyl ether Pr.A'. Mol. w. 88. (81°) 
at 760 mm. (Gartenmeister , Elsasser, Schumann) ; 
(82-6°-88°) at 763*4 mm. (Schiff). S.G. *925 
(G.); S -9184 (E.) ; a *9188 (Pierre a. Puchot); 
if *9099, ff *9002 (Perkin) ; *8075 (S.). C.E. 

(0«-10°) *001212 (E.) ; (0°-20^) *0246 (Pierre a. 
Puchot). S.V. 108*7 (S.) *, 106*2 (G.) ; 106*8 (E.), 
H,F.p. 102480. H,F.v. 100160. M.M. 4*634. 
A* 4*486. S, 2*2 at 22° (Traube, B. 17, 2304). 
Critical temperatwre, 267*4 (Pawlewski ; Pierre 
a. Puchot, A. 163, 262 ; 163, 271). 

Isopropyl ether PrA'. (68°-71°). S.G. 2 
•8826 (Pribram a. Handl, M. 2, 685). Specific 
viscosity 81‘6 at 10*4°. 

n>Butyl ether RCOfifi,. (104°-106°) 
at 789-4 mm. S.G. s *9068. Specific viscosity 
62 at Itf ° (Pribram a. Handl, ibid. 692). 

laobutyl ether. (97*9°) at 760 mm. 
(Schumann, Elsilsser) ; (98*6°) at 769*8 mm. 
Schiff). S.G. § *8864 (E.) *, a *8846 (Pierre a. 
Puchot) ; *7784 (S.). S.V, 127*6 (G.) ; 130*7 

(8.) ; 129*9 (E.). S, 1 at 22° (Traube, B.*17, 
23041. OJB. (0°-l0°) *00112 (E. •, c/. Pierre a. 
St,A leMsi). HJ'.p. 106.700. p.v. 
108,800, A* 4*064 (S.)_(Wurtz, A. 93, 121). 

I80‘amyl stfcsr HCO,OjH,,. Mol. w. 116, 
fl28*8°l at 760 mm. (Schumann, Schiff, El 
\ . /tOA.JOX //laH-annriAifitArl. S.G. 8 *901{ 


'oS 8&6. A« 4-U9 (S.). Pt^ 

pared bv distillation of glycerin, oxalio acid, and 

»tktr HCO.OA,. (168-6») 
meisterh ( 146 °) (Frentzel). S.G. § 8977 (G.); 

S.V. 173-8 (0.). C.B. r-lOO) 

t)oio6(a,V 


Septyl sfAsr HCO-O.H1J. 11 JV' 
meister). S.G. g -8987 (G.). S.V, 

O.E.(0°-10°) *00097. 

Octyl ether HOO;0,H„ (198-1°) (G.). S.G. 
g -8929 (G.). S.V. 220-8 (G.). OJl. (0°-10°) 
•00096. 

Allyl ether HCO,0,H». Mol. w. 86. (82-83°). 
S.G. re *9322 (ToUtens, Z. 1866, 618; 1868, 44l). 
EJ'.p. 66.020. H.F.V. 63,280. Formed as a sub- 
sidiary product in the preparation of formic acid 
from glycerin and oxalio aoid when the mixture 
is not too strongly heated. 

Phenyl ether HCO,Ph. (180° with de- 
composition). Phenol and formic aoid (equiv. 
pts.) are heated at 80° and POCl, (4 equiv.) 
slowly added (^ifert, J.pr. [2] 31, 467), 

Obthovobmio acid. As stated above, though 
orthoformic acid HC(OH), has not been isolated 
as such, its ethereal salts are stable compounds, 
prepar^ by heating chloroform with the al- 
cohol m presence of an alkali metal or hydrate 
GHCl, -I- 3KONa = 3NaCl + CH(OB), (Williamson 
a. Kay, Pr. 7, 136). 

Methyl ether HC(OMe),. (101°-102°) 
(Deutsch, B. 12, 117); (102°) (Pinner, B. 16, 
1644). S.G. 82 .974 (D.). V.D, 62-69 (obs.). 
H.F.p. 130,460. H.F.v. 127,270. Prepared from 
methyl alcohol, chloroform, and sodium. 

Ethyl ether HC(OEt),. (146°-146°) (Kay) ; 
(146°-148°) (Ladenburg a. Wichelhaus, A. 162, 
164) ; (147°-149°) (Deutsch) ; (146°) (Pinner). 
S.G. -894. 

Formation.— From chloroform and sodium 
ethylate (Williamson a. Kay).— -2. By decompos- 
ing the hydrochloride of formimido-ether with 
alcohol (Pinner). 

Preparation.— 1. Sodium ethylate free from 
alcohofis mixed witli a little ether and chloro- 
form added slowly. The mixture is wanned on 
a water-bath, then distilled and rectified over 
CaCl, (Stapff, Z. 1871, 186).-2. Sodium (7 pts.) 
is added gradually to a mixture of CHCl, (12 pts.), 
absolute alcohol (14 pts.), and a little ether 
(Wichelhaus a. Ladenburg, A. 162, 164 ; Deutsch, 
R 12, 116 ; cf. Ba8.sett, (7. 2, 198). 

Properties.— Liquid of aromatic odour; liquid 
at -18°; V. sol. water. 

Reactions.— 1. Heated -vath acetic acid it w 
decomposed into formic acid and ethyl acetate 
(Sawitsch, J. 1860, 391).-2. By sodium ethylate 
it is converted into CO, alcohol, ether, and formic 
aoid (Bassett).- 3. With bromine it gives EtBr, 
alcohol, ethyl formate, anoT ethyl ^bon^, 
according to the equation: 2HC(OEt),+Br, 
-2EtBr+HCO.,Et + CO(OEt),-»-EtOH. 

Dimethyl ethyt ether CH{OM^,OEt. 
(116°-120°). Prepared by mixing the by^- 
ohloride of formimido-ether with methyl alcohol 
L(Pinner, B. 16, 366). 

Tripropyl ether 

(Deutsch); (194°) (Finner). S.G. VJ>. 

96-64 (D.). 

Dipropyl methyl ether HC(OPr),OMc, 

»(181°) (P.). , * 

Dipropyl ethyl ether HO(OP|f)j,OE^ 
(186°) (P.). \ I 

Dimethyl propyl ether HO(OM|^*OjPri 
(162°) (P.). i ' 

Diethyl propyl ether HC(OE|)^]E^#: 
(167°) (P.). ^ ^ - 
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, UfiCA (^40) 

Priallyl ether CH(00,HJ,. (196M06®), 
Prepared from sodium (16 g.), allyl alcohol 
(85 g.), and ohlorofbrm (24 g.), diluted with 
doable its Yolome of petroleum (Beilstein a. 
Wiiand). 

Phenyl ether CH(OPh),. (Tiemann, 
B. 15, 2686) ; [76M7°] (Auwers, B. 18, 2667). 
(270® at 55 mm.) (T^. Long needles; insoL 
water, sol. ether, ohloroform, and benzene. 
Formed by the action of ohloroform on alka- 
line phenol solution. Beadily decomposed by 
acids, not by alkalis. 

o~Nitro phenyl ether CH(OC^^NOj),. 
[182®]. From ohloroform (2 mols.) and potassium 
o-nitro phenol (3 mols^, heated to 150®. Yield 
small. Needles (Weddige, J.pr. [2] 26, 445). 

p-Bitro phenyl ether. [232®]. Needles. 
Prepared as above (Weddige). 

Pormamide OHJnO t.e. HCONHy Amide of 
formic ^ ^ MoL w. 48. (192®-.196®) with de- 
composition into oarbonio oxide and ammonia ; i 
(140® in vacuo) (Hofmann, C. J. 16, 72) ; (208®) 
(Olaisen a. Matthews, 0. J. 41, 264) ; (150® in I 
vaouo) (Sohnlze, J.pr. [2] 27, 516). j 

Pormalion.--*l. By heating ethyl formate 
with ammonia (Hofmann).>-2. By heating am- 
moniam formate together with urea at 140® 
(Berend, A. 128, 886): 2HCO,NH. + CO(NH,), 
-2HOO,HH,+(NHJ,CO^-3. By the action of 
sodium-amalgam on a solution of potassium 
oyanate (Basarow, B. 4, 409).— 4. By the action 
m strong fuming HOI on HON (Olaisen a. Mat- 
thews). 

JVMomfum.’—l. Ammonium formateis heated 
at 280® for five hours under pressure, yield 
71p.e. of theoretioal (Hofmann, B. 15, 980).— 2. 
By heating dry formio acid (55 g.) with am- 
monium sulphocyanide (31 g.) for two days, 
and then distilling in vacuo. Yield 74 p.c. 

ProgwriiM.— Liquid, sol water, alcohol and 
either. 

BeacHons*—!, Decomposed by alkalis in 
the flold withevolhtion of NH,.— 2. Split up by 
P(»» into 00 and a little HON (Wallaoh, B. 15, 
2m-«. With PA it yields ECON (Hofmann). 
4. a absorbs dry HU in*the cold with formation 
of a eiystaUine addition product, which at a 
higher tenuMtatnre is completely resolved into 
NBA and 00.~5. With bromine in equi- 
tupilwQlar prmrtions in presence of soda ii 
toius aeiystailinebromo-derivativeHCONHBr, 
decomposed into HBr and HA^ A (Hofmann, 
3. 15, 758)^. With ethyl aceto-aoetate in 
jpresenee of lino ohloride its yields di-methyl^ 
ethyhpyvidine oaihoiylio ether (Oanzoneri a. 
G. 14, 448^ 

Methyl*formamid$ HOONHMe. (190®) 
6A)I l-Oll. Formed by evaporating an aque- 1 
onsiolittion of methylsmine formate, and distQ- 
ling tbeiesidns. Idqnid, sol water and aloohol, I 
ethse. Deeompoaed by al k a li s and acids | 


Hpi, ^ NH.Me; wd bj ZnOI, into 
CO and hydrocarbons (Linnemann, Site, W, 
[2] 60, 46). 

Bthyl-Jormamide HOONHEi (196®- 
197®). S.G. *1 *962. Formed in the same way 
M the above. Liquid, sol water and aloohol, 
insol. ether. Besembles the above in its re- 
actions (Linnemann, ibid, 48). * 

Diethyl-formamide HCONEt, (175®- 
178®) (Linnemann, Site. W, [2] 60, 51); (178®) 
(Wallack a. Kamensky, A, 214, 240). 8.G. ^ 
‘908 (L.). Prepared by distilling diethyl-amine 
formate (L.) (W. a. K.), or diethyl-oxamic acid 
(W . a. K.). Liquid, sol. water, but separated by 
KHOandKjCO,. 

Salt.-(B'HC1)^1C1« : yellow pp. 

Beactions.^l. With acids, alkaus and ZnOl, 
it behaves like the above compounds (Linne- 
mann).— 2. PCI, gives HCCljNEtj which splits 
up thus 2HC01,NEt, - 8H01 + 0,„H„01N« The 
product is a base forming a salt (BHOOPtCL 
and decomposed when heated with formation of 
pyrrole (Wallaoh a. Kamensky). 

Isopropyl-formamide HGONHPr. 
(220®). From isopropyl-carbamine and HCl in 
the cold (Gautier, A. 149, 168). 

BhenyUformamideROO^B.OA‘ Form- 
anilide [46®]. 

Formation.—'By distillation of eqnimole- 
onlar proportions of aniline and oxime acid 
(Gerhardt, A. 60, 310 ; Hofmann, A, 142, 121), 
C,HjO, -h NH^Ph = HCONHPh + CO* + H,0. 

Preparation.— By heating aniline and formio 
acid (equimols.). The product is heated on a 
water-bath under reduced pressure to remove 
the water, then distilled at ordinary pressure up 
to 250®. The contents of the retort are then 
poured out (Tobias, B. 15, 2443, 2866 ; Wallaoh 

а. WOsten, £. 16, 145). 

Properties.— hong needles or four-sided 
prisms, m. sol. water, sol. alcohol; exhibits 
phenomenon of superfusion. 

Beactions.—l. Decomposed by dilate acids 
into aniline and formio acid.— 2. Split up by 
concentrated HOI into benzonitrile HCONHPh 
= PhCN + H,0.— 3. If gaseous HOI is passed in 
at 100® the amide is decomposed into formio 
acid and diphenyl-formamidine CHNPhNHPh. 

4. By cone. HjSO, it is decomposed intp CO and 
amido-benzenep-sulphonio acid.— 6. With zinc- 
dust it yields CO, C()„ H„ aniline and benzo- 
nitrile (Gasiorowski a. Merz, B. 18, 1002),—- 

б. Heated with phenyl oyanate. at 180® it yields 
phcnyl-oarbamine, m-pnenyl-urea and CO. 
(Kiihn, B. 18, 1477).--7. Converted ty alooholie 
solutions of alkyl bromides (1 mol.) fallowed by 
alcoholic KOH (1 mob) into alkyl-formanilides 
(Pictet a. Cr6pieuz, B. 21, 1106). 

Sodium formanilide HCONNaPhaq, 
Formed by adding cone, soda to formanilide 
(Hofmann). Glstening plates ; v. si. sol alcohol ; 
decomposed by water (Tobias, B. 15, 2448). 

Nitroeo-formamUde HCONmO)Ph. [89®]. 
Formed by passing nitrous add into a cooled 
solution of formanilide in acetic acid. Yellowish- 
white needles, V. sol water; readily deoompo^, 

Methyl-formanilide HCONMePh (F); 
(258®) at 716 mm. (P. a. a). S.G. y 1^7. 
Formed from the hydrochloride of tormimido- 
ether and methyl aniline, the rMction being 
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**J^!SS * *®j?HOEt.HCa + NHMsPh + H.0 
-SW»'^«P>»+E‘OH+NH,01 (Piniiot.B.% 

Sthyl-formanilid* ttOOJIPIiBt. (258° 
i.V.) ftt 728 mm. B.Q. V l*068. 

Propyhformanilide fl.CO.NPhPr. (267® 
LY.) at 787 mm. S.O. ^ 1‘044. 

Uopropyl-formanilide H.OO.NPhPr. 
•(268® i.V.) at 720 mm. 

IsobutyUformanilidi H.OO.NPh.O,H.. 
(274® LV.) at 731 mm'. ' 

Isoamyl- formanilid$ H.OO.NPhaH,,. 
(286® i.V.) at 728 mm. S.G. V 1-004. 

Phsnyl-formanilido HCONPhj. Di- 
phervyl-formamide. [78®-74®]. (210®-220° in 
vacuo). Formed from diphenjlamme and formic 
or oxalic acid. When heated with ZnOl, yields 
acridine (Willm a. Girard, B. 8, 1196). 

Pormo-o-toluide HCONHGH.Me. [68®] 
(Tobias, B. 16, 2446) ; [66-5®-67*6®] (Ladenburg, 
B. 10, 1129). (288®) (L.). Formed from o- 
toluidine and formic acid. Glistening leaflets, 
V. sol. alcohol. Decomposed into its constituents 
by dilute sulphuric acid. Heated for some time 
at its boiling-point it yields o-toluidine, methyl- 
ditolylamine, CO, and CO^. Sodium deriva- 
tive HCONNaC.H, Me aq. 

Formo-p-toluide. [45®] (Hiibner, A. 2(_ 
372) ; [62®J (Tobias, B. 16, 2446). Formed (ij 
as the above (T.) ; (2) by heating jp-toluidine 
oxalate (H.). Long needles, v. sol. water, and 
alcohol. Converted into the nitrile of p-toluio 
acid when heated with zinc-dust (B. 18, 1002). 

Formo-m-xylide. [113®-114®]. Glisten- 
ing needles or leaflets, v. sol. alcohol and ether 
(Gasiorowski a. Merz, B. 18, 1011). 

FormS-cumidide HOONHOjHjMe,. 
[121®]. Needles v. si. sol. water, sol. alcohol 
and ether (Senior, C. J. 47, 768). 

Formo-isobutyl-o-toluide 
HCONHO^HjMeCHjPr [1:2:4]. [105®]. Colour- 
less tables, v. si. sol. water, sol. alcohol and 
ether (Eflfront, B. 17, 2347). 

Formonaphthalidss t. Naphtuyl- 
aiiiMxs. 

Formopipsridide v, Pipebidinb. 

V. H. V. 


FOBKIO ALDEHYDE CH.p. Oxymethykne. 
HoL w. 80 (observed by BaouU’s method : 84, 
ToUens ae Mayer, B. 21, 1566). 

Formation,—!. By passing a current of air, 
eharged with vapour of methyl alcohol, over a 
glowing spiral of platinum wire or over platinised 
asbestos ; if l^e escaping gases are passed 
through a Liebig's condenser a solution of fomAo 
aldehyde in methyl alcohol will collebt in the 
receiver (Hofmann, Pr. 16, 166 ; c/. Volhard, A. 
176, 128; Kablonkoff, BZ.*[2] 88, 379). When 
platinum foil at 65® is used the yield is 12 p.o. 
(ToUens, L. V, 29, 865; O.J, 46,293). Bed- 
hot oxide ctf iron or copper may be used instead 
of platinum (Loew, J, pr, [2] 88, %22 ; ToUens, 
B. 19, 2188). — 2. By decomposing ohloro-methyl 
Acetate (2 pis.) with water (1 pt) by heating for 
30 minutes to 100® (Michael, Am, 1, 418).— 8. 
B'ormed in small quantities by the action of ozone 
m coal-gas (Maoquenne, Bl. [2] 87, 298).— -4. In 
imaU quantity, together with formic acid and 
by the a^on of the silent electric discharge 
»n a miztuM of hydrogen and 00, (Brodie, Pr. 
D» 172).— 8. When a asixturt of methylal 


O^(OMe), and HjbOf is warmed, fonole alde- 
hyde IB given off, but it quickly polymerises givinn 
1 a sublimate of its solid modinoation.— 6. By 
heating ethylene with oxygen at 400° (Sohtttzen- 
berger, Bl. [2] 31, 482).-7. In the moomplete 
combustion of nitric ether (Pratesi, Q, 14, 221). 

Properties. — Formic aldehyde is on^ known 
in solution ; by fredfeingthe solution ana remov- 
I ing the ice an aqueous solution may be concen- 
trated until it contains 10 p.o. of the aldehyde 
(Hofmann, B. 11, 1686 ; of. ToUens, B. 16, 1629 ; 
16, 917). The aqueous solution is pungent ; it 
reduces ammoniaoal AgNO,, forming, when 
gently warmed, a sUver mirror. When warmed 
with aqueous KOH it gives a brownish oil 
and an odour liki that accompanying aldehyde- 
resin. Dilute aqueous NaOH gives formic acid 
and MeOH. After treating the solution with 
HjS and heating the resulting Uqnid with cone. 
HClAq, gt solidifies on cooling to a dazzling 
white mass of felted needles consisting of 
(CH^S)j. When evaporated with ammonia or 
ammonium carbonate it leaves a residue of 
hexamcthyleneamine, by weighing which the 
amount of formic aldehyde in the solution may 
be determined (Loew, J. pr. [2] 83, 322 ; cf. Leg- 
ler, B. 16, 1333). A solution of formic aldehyde 
deposits after some time insoluble formic par- 
aldehyde or tri-oxy-methylene. 

Beactions. — 1. Beadily condensed by strong 
baseSt to a less extent by salts with alkaUne re- 
action. Calcined MgO has no action. BaH^OgAq 
gives formic acid and methyl alcohol; the 
BalljOji is, however, soon neutralised and ceases 
to act. CaH^O.Aq, MgH.O^Aq, Fe, Pb, PbO, 
many Pb salts, NEt^OH, and many organic 
bases give rise to formose or methylenitan 
C«n,o 05 . By boiling a 7 p.c. solution with tin a 
body resembling formose, called (/3)-formoge, is 
formed. MgH^jAq at about 100° gives at least 
two sugars, one of which yields an osazone in 
yeUow needles [162®]. None of these sugars fer- 
ment with yeast. NaCI has no action alone, but 
increases the activity of CaHjGjAq, whilst NsAcO, 
KNO„ and much Cu, Fe, or Sn diminish it (0. 
Loew, B. 21, 270; J. pr. [2] 33, 821; 34,61; 
Wehmer a. ToUens, A. 243, 340).— 2. Beadily 
condenses with primary amines : CH^O + 

•■HG + CH3NR. Thus methylaraine, aniline, 
o-toluidine, and jo-toluidine give methylene- 
methyl-amine (c. 207°), phenyl-methylene-amine 
CjHjN:CH, [138°], o-toIyl-methylene-amin« 
CaH,MeN:CH 2 , and ^-tolyl-metnylene-amine [c. 
122®] respectively (Eolotoff, Bl, [2] 46, 263; 
ToUens, B. 17, 667 ; Wellington a. ToUens, B. 
18, 3309). These formulas ought, perhaps, to be 
doubled. Primary and secondary bases al^ give 
compounds of the form OH 2 (NHB), and 
C]fl 2 (NBB') 2 , thus: aniline and di-ethyl-amine 
give di-phenyl-methylene-diamine CH 2 (NHPh)i 
[49®], and methyllne • tetra • ethyl • diAlnihe 
01^(NEt2), (167°) respectively (Pratesi, 0, 14, 
868 ; Eolotoff, Bl [2] 43, 112 ; Ehrenberg, /.pr. 
[2] 86, 118). In thl^e condensations with Uses 
the paraldehyde may be used. — 8. By 
with a solution of ammonium ehlorids it ii.con* 
verted into NMe, and 00, (Pldohl, B. 21, Sp[l7)* 
4. By heating a 16 p.o. solution of fotiniq|)d#- 
hyde with ammonium sulpha^ on the 
CO. is giTch off and the sulphates of 
axid tn-metbylamine are formed. 
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4 M»»Mor be lab- 

itilBM/ortbeemmoniam eo^bete trimeihyl- 
amine ia formed in both oasee,— 5. Tnmethyl- 
amine hydrochloride does not act on formic 
Aldehyde (Pldohh B. 21, 2117). 

JPh«nyZhydr<if»daOHa:N,HOA(?)[184®].‘ 
Oolourless trimetrio tables. 4?ormed by ^ding 
phenyl-hydxvusine to a solution of formic alde- 
hyde (Wellington a. ToUens, B. 18, 8300). 

Formic paraldehyde (CH«0),? TW-ocy- 
imthylene. [162<>],' 

Formation.-— 1. By B|K)ntaneouB polymerisa- 
tion of formic aldehyde in aqueous solution.— 2 . 
From methylene iodide by the action of Ag.p or 
of silver oxalate. Also from nfethylene acetate 
by heating with water at 100® (Butlerow, A. Ill, 
242).— 8. By heating calcium glycollate (1 pt.) 
with (7 pts.) at 176® (Heintz, A. 138, 43); 
and in small quantity by heating glycc^lio acid 
at 220° (Heintz, J. 1861, 444). — 4. By the action 
of water on ohloro- or ^-chloro-dimethyl oxide 
(MeO.OHjCa or MeO.CHCl,) (Friedel, C. R. 84, 
^7; Butlerow, 2. 1866, 619).— 6. By electro- 
lysis of a Bolntdon of glycol, glycerin, mannite, 
or glucose in dilute H^SO, (Benard, A. Ch. [5] 17, 
808). 

PropwftM.— Crystalline mass. Even below 
100 ° it sublimes, but its melting-point is thereby 
raised from 162° to 172° (ToUens, B. 16, 919). 
Foimi^araldehyde is converted on vaporisation 
into OB^O^.D. 1'0€). It is insol. water, alcohol, 
and ether, out dissolves in cold aqueous NaOH 
or baryta. It is also dissolved by heating with 
water at 100 °, being thereby converted into or- 
dinaty formic aldehyde (Tollens a. Mayer, B. 21, 
1671). Whenhot it has a pungent odour. Heating 
with a trace of H^SO, in a sealed tube at 115° 
oonverts it into^a)-tri-oxy-methylene ’ CjH, 0 , 
[61°],VJ).44'9 (H-l);( o).tri-oxy-methylene is 
sbL water, alooh^, and ether, and reduces am- 
moniaoal AgNO, in presence of EOH (Pratesi, G. 
U,140). When ^olution of formic aldehyde is 
evaporated over H^SO, there is formed a soft 
substance, v. sol. water, whose molecular weight, 
determined by Baoult’s method, corresponds to 
the formula (OHsO)! (Tollens a. Mayer, B. 21 , 
8503). 

Bsocrions.— L PI, gives methylene iodide.— 
2. Boiling with alcohol and some gives 

CH,(OEt),. — 8 . Boiling lime-water gives forraose 
(meuylemtan) (BBtlerow,^!. 120, 296).— 4. Heat- 
ing with water and MgO at 180^, ana afterwards 
at 220S dves formic acid and MeOH.— 6 . Ag,0 
gives a suver mirror and formic acid (Heintz, ii. 
188, 822).— 6. Cone. HClAq at 100° gives MeCl 
and fbrmio acid (Tisohtsohenko, J. R. 16, 321).— 

7. Dry NH, forms hexamethylene-tetramine 

which crystallises from alcohol ih 
rheanbohedra ; r. sol. wateij^. si. sol. cold alcohol, 
almost insol. etheor (Butlerow, A, 116, 822).— 

8 . Bihii/laimne^TM (CIHJ,(N£tj,; dhethylamine 
forms OH,(NBt^, *, tri-etnyli^mne has no action. 

^Other bMm act in lihe manner when heated with 
formie paraldehyde (Bhrenberg, pr. [2] 86, 
117).>~‘9. Chlormo in sunlight forms COGl, and 
H0l (Tii^tsohenko,/.B.1887,47^ Brormne 
gives fomtie aoid, ffir, methyl 

bromide, CO, and 00«.— 10. ZnBti* followed by 
initer, glTOS propyl alOdhoL EnPr^ghrM, in like 
iaamier» butyl alcohol (Tisehtachenko, Bl [2] 


48, ii2wa Bfbmii «iib g 

resol?ea into totmc add and }hOB or Mod (fx 
Dry HOI slowly forms (OBLOI),0 (X02®-108®y--- 
12 . Dry HI is absorbed with formation of water 
and {OHjDjO (219®) (Tisohtsohenko, /. B. 1887, 
464).— 13. Dry HBr acts in like manner, form- 
ing (CHJBr),0 (160®). This body is a pungent 
fuming oil, sol. ether, benzene, and acetone.* 
Water decomposes it into Me,0 and HBr.— 14. 
Aqueous HBr and formic paraldehyde at 140® 
give methyl bromide and formic acid. 

Formic orthaldehyde GH,(0H),. 


Acetyl derivative CBL(OAc) 2 . Methylene 
acetate. 1170°)? Formed by the action of methyl- 
ene iodide on silver acetate (Butlerow, A* 107, 
111 ; 111, 242; Bkeyer, B. 6 , 1094; 6 , 220). 
Formed also by treating GHaGl.OAo with KOAo 
(Henry, B. 6 , 739). Heavy liquid, sol. cold 
water, but when heated in a sealed tube for twenty 
hours at 100 °, with a quantity of water insuflQ- 
cient to dissolve it in the cold, it is resolved into 
aoetio acid and formic paraldehyde. 

Acetyl derivative of the Methyl ether 
CH;(OMe)(OAo). (118°). From CHs.O.CHsCl 
and KOAo (Friedel, B. 10, 492). Decomposed 
by alkalis into water, HOAo, and formic paralde- 
hyde. 

Methyl ether CH,.(OMe),. Methylene di- 
methyl di-oxide. Methylal. Mol. w. 76. (42°). 
S.G. f -8604 (Briihl, A. 203, 12). Cntical Urn- 
perature ; 224°. 8 . 28. H.0.p. 438,900 (Berthelot 
a. Ogier, A. Ch. [ 6 ] 23, 201). H.F.p. 88,240. 
H.F.V. 86,920 {Th.)» Formed by distilling a mix. 
ture of water (3 pts.), H 2 SO 4 (3 pts.), methyl alco- 
hoi (2 pt 8 .),aDdMn 02(2 pts.) (Kane, A. 19, 176; 
Malaguti, A. 32, 65). Formed also by ^ectrolysii 
of methyl alcohol (100 pts.) acidified with HoSO^ 
(1 pt.) diluted with water (4 pts.) (Benard, A. Oh, 
[5] 17, 291). Methylal is a liquid. A dose ol 
6 g. to 8 g. produces a hypnotic effect (Mairet a. 
Gombemale, C. R. 104, 1022). 

Reactions.— 1. Methylal is employed byBaeyer 
(B. 6 , 1004 ; 6 , 220) as more convenient than 
formic aldehyde in obtaining derivatives of 
methane by elimination of water between that 
aldehyde and aromatic hydrocarbons. Thus, if 
a mixture of benzene (120 pts.), methylal (40 pts.), 
and acetic aoid (400 pts.) be treated with a mix- 
ture of equal parts of HOAc and H 3 S 64 till the 
greater part of the benzene has separated, and 
the whole be then left for twenty-four hours, it 
will be found, after mixing with cold H 2 SO 4 
(2000 pts.), diluting after some hours with water, 
acd shiJdng up with ether, that di-phenyl- 
metbane has b^n formed: CH 2 (OMe )2 + 20 ,^ 
» GH^jO^Hj), + 2 HOMe. Methylal may serve as 
a nourishment for algae ; under these conditions 
they develop oellolose, but they only develop 
starch in daylight (Loew a. Bokomy, /. j?r, [ 2 ] 
86, 272). . 

Ethyl ether GH,(OEt),. (89® cor.) (G.); 
(8S«) (H.) ! (88°) (P.) S.O. [g -826 (H.) ; « -861 
(G.) : s -840 (P.). YJ). 8 44 (a). Prepared by 
the action of sodium on a solution of methylene 
chlori^ in absolute a^hol (Greene, A, C. J. 1, 
622 ; Bl [2Q 46, 164 ; C. B. 89, 1077). Formed 
also bj treating CB^ with KaOBt (Henry, Bl 
[2] 46 , 887 ; 0, B, 101, 599) ; and by distiUing 
formie paraldehyde with idoohol and a little 
(hateii, $ 4 18, 818). Mobile liquid, with 



« Di-i$oamyl tther CH,(00,H..V 
S.G. “ *835. ' * 

Di-ootyl ethtr 0Ha(00,H.,)* fabova 
360®). S.G. M *846. ^ ' 

Di^hsnByl ether CH»(OOHJ»hL* fabove 
860®). S.G.M 1.053. ' 

S.OjSi'iOm”’'' (299°). 

Di-O’tolyl eifcar CH2(0.O„H,Me),. r32®l. 
S.G. M 1-019. From methylene ohloride and the 
fiodium derivative of o-cresol (Arnhold, A, 240 
202 ). 

Di^m^tolyl ether CHJOOAMe)- r46®l. 
(above 360®). S.G.4fli.052. ^ ^ 

Di-p.tolyl ether 0H,(00,H,Me)« [40®]. 
(above 360®). S.G. sa 1-034. 

Di.thymyl ether CII,(00,oH,,),. [86®]. 
(above 860®). S.G. 42 -979. 

Formose CgHuO, dried at 90°. From formio 
aldehyde by adding oold milk of lime to a 4 p.o. 
eolation, Storing, and leaving the filtrate to 
etand for some days (Loew, J, pr. [2] 33, 828). 

Prqperriw.— Syrup, si. sol. alcohol, insol. 
ither. Sweet taste. *065 g. reduce 10 o.o. of Feh- 
Img'i solution. By heating at 100®-120® for 
five days it becomes ‘ methylenitan ’ 
which has a bitter taste, and has only one* 
fourth its reducing power. Prevents the precipi- 
tation of (fuprio sulphate by potash. Hot cone. 
HOI turns it brown, as it does cane-sugar and 
levulose, but not glucose ; the filtrate can re- 
duce Fehling’s solution JWehmer, B. 20, 2614). 
Cold milk of lime slowly destroys it. Warm 
alkaline solutions of picric acid are turned 
red, and indigo is bleached, as by glucose and 
levulose. Warmed with cone, alcoholic resorcin 
4tnd HOI a ruby-red colour is produced; cane- 
sugar, levulose and glucose give paler colours 
(Ihl a. Pechmann, C. G. 1885, 761). Aqueous 
pyrogallol and HCl act similarly. Cone, alco- 
holic diphenylamine and HOI give a brownish- 
violet of^our on warming. Sohiff’s reaction 
gives no colour with formose. Formose can un- 
dergo lactic but not alcoholio fermentation. It 
is, however, accompanied by a sugar that can 
undergo alcoholic fermentation (Loew, B. 22, 
470). Alkaline diazobenzene sulphonio a^d 
gives a red colour, as with carbohydrates and 
aldehydes. Phenyl hydrazine reacts thus: 
O.H.,0. + 2N,H,Ph - O^H^N A + 8H.O. The 
prodfuot crystallises from dilute alcohol in slender 
needles. Plants which readily produce starch 
from glucose, cane-sugar, mannite, and glycerin 
do not produce it from formose fW.). ^S^en a 
solution of formose (10 g.) in water (1 litre) is 
boiled for a long time, the product extracted with 
chloroform, and the residue after evaporation of 
the chloroform treated with aloohol, aniline; and 
u little HOI, an intense red colour oharacteristio 
of furfurol is produced. This reaction is charac- 
teristic of sugars. In fact, when formose is di- 
gested with 1 p-o. sulphurio acid at 100®, more 
iortad is formed than from other sugars (Iioew» 
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OH,(OO.H„): 




H. 20, 8039). Loew maintains that Ibimdse is 
^them bemg the artificial sugar from acrol 


. one 

sugar from acrolein, 


action of^e water on formio aldehyde or paral- 
dehyde (Butlerow, A. 120, 296 ; 0. JB. 68, 146; 
liT’ F'kP''^ *9. sai; 87, 208; Wehiet tL 
Sti'm j ^9^'. proiaot ia aataratad 
With 00„ Mtered, and evaporated. Formed also 
by the action of heat upon formose. Amorphous 
gummy mass. Has a bitter taste. Does not 
react with phenyl-hydrazine. Sol.alcohol. When 
boiled with Fehling’s solution it reduces only 
one-fourth as much CuO as glucose does. After 
boilmg ^th dilute aoids the reducing power is the 
same, it is optically inactive. It does not un- 
dergo alcoholio fermentation. When boiled for 
a long time with dilute H^SO, it gives formic 
and acetic, but no levulic acids. It has no action 
on oold CaCO„ but dissolves it and gives off 
COj on heating. According to Loew (J. pr. [2] 

83, 842), methylenitan CjHjA is the saccharin 
of formose, and may be got by heating formose 
with lime or baryta and water at 70°-100°. 

Psendofonuose. Got by boiling formio alde- 
hyde in *7 p.o. solution with tin (Loew, J. pr, [9] 

84, 61). ^sembles formose in most respects. 
Differs from formose (1) in giving orange, not 
violet, oolonration, with resorcin, HOI, and alco- 
hol; (2) 10 0 . 0 . Fehling reduce *062g. ; (8) in 
forming the phenyl-hydrazine composed more 
quickly. Phenyl-hydrazine forma an osazoue 
[123°] ; when this body is heated for 80 hours ill 
alcoholio solution at 100® its melting-point is 
found to have risen to 148°. 

(3)-Fonnose. Formed when a *1 p.o. solu- 
tion of formio aldehyde is boiled for 6 boors 
with much tin (Loew, B. 21, 270). Thiok, 
sweet, non-fermentable syrup ; does not become 
brown at 100®. It yields humons substanoeS 
with HCl. Turned brown by potash. Its solu- 
tion in alcoholio HCl yields a wine-red colour 
with resorcin and a steel blue colour with di- 
phenylamine. 10 o.c. of Fehling’s solutiou are 
reduced by *0739 of (3) -formose. Its phenyl- 
hydrazide or ‘ osazono ’ CigH^NA oiystallises 
in small yellow needles [148®]. 

Two other formoses or *non-fermentable 
sugars are said by Loew to be formed by heat- 
ing formio aldehyde, 3 pts., at 100® with an 
aqueous solution (1000* pts.) of magnesia ob- 
tained by treating a 7 p.c. solution of MgSOj 
with litharge. One of these gives with {dienyl 
hydrazine an osazone crystallising from bemien* 
m yellow needles [162°]. 

Iiomeride of Fownose (?). In the ellolm. 
lysis of glycerin (30 vols.) acidified with H|SO| 
(9 vols.), diluted with water (20 vols.), ^e«« 

formed, together with formio paraldehlde, a 
syrupy isomeride of formio aldqhyde. It blmeiia 
at 90®, giving an odour of burnt sugar, li is v, 
e. sol. aloohol and water, is unferm^utebie, re- 
duces Fehling’s solntion and annnopiaoal , ' " ^ 
Its solution is ppd. by ammoniacal lead 
but nut bv lead subacetate, HKO| Otxir ‘ 
entiUoaefd. Baryta added to its ‘ 
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tioii^pli.(0«E.!bj(8Ba0. This body is perhapf 
idaatioal with^o rmose or methylemton. 
70BK-I]QB«dl]CX]>£ v. Fosicaiodini. 
Form-tth7l4midpOthyLMBid« v. s-ax-ETHtL* 

fOBMilflDXHS. 

FOBlC.IMIDJ)I.BTETL>A]ai»X «. «Di. 

BTTO TOBXUHXDXinL • 

F0BM.I]II1K).ETHEB0|H^0 U. 

NH:OH.OEt.(80°)? HydrWhloride B'HOl. 
Formed by the aoiion of gaseons HOI (2 mole.) 
OQ dry (1 mol«) mixed with alcohol (1 mol.) 
in a freeung mixture (Pinner, B. 16, 854, 1C44). 
Glittering prisms. Very unstable, decomposing 
on keeping with formation of NH,G1. With 
alcohol it gives KH^l and orthoformio ether. 

Hackfiont.^!. Decomposed by heat into 
EtOl, formic ether, and the hydrochloride of 
formamidine.~2. EOH separates a small quan- 
tifar of an oil (80®).— 3. Alcoholic NH, in the 
cold gives formamidine.— 4. Dimethylamine 
forms NH:CH.NMa,.— 6. Methyl-anilifle forms 
CI^NMe(CHO).— 6. Phenyl-hydrazine forms 
— 7. An alcoholic solution of NEt^H 
slowly forms a base C,oHa,Ns which forma 
a platinoohloride B'JSL^tOl, [153°] crystallis- 
ing in flat prisms pinner, B. 16, 1650 ; 17, 
1801.-8. NaOAc and Ac,0 give NHiCH.OAc 
[70^ which crystallises from ether in short 
prisms, V. sol. ordinary menstrua. 

Formimido-methylene ether (NH:CHO)tG^ 
Hydrochloride B"2HG1. Formed bypassing 
HOI into glycol (1 mol) and HOy (2 mols.) diluted 
with ether at 0^ (Pinner). 

F0BKIH8. Formyl derivatives of poly- 
hydric alcohols. They are described under the 
aioobols hrom which they are derived. 

FOBM-METHYL-IMID-METHyL-AHIDE v, 
pI-lfXTBTL-FOBlUianiMB. 

FOBKO-OUMIDIBE v. Ouuidinb. Formyl 
derivatives of bases are described for the most 
part both under Foauio aoid and under the 


part b< 

IMMCS. 


FOBMOOVABAICINE G,H,N.. [above 350°]. 
Formed together with GO,, ammonia, CO, and 
water by heating gnanidine formate at 200° 
(jienoki, B. 7, 1584^. Trimetric needles, \vith 
feeble alkaline reaction. V. sol. hot wat<;r, si. 
aaL aloohoL May be sublimed with partial 
oarbonisation. — ^B^Gl: trimetric plates. — 
B'^UPt01«.r— B'HNO, : needles or prisms. — 
: granular-crystalline pp., insol. cold, 
sL Bw. hot, wate r. 

mKO-VAPBTHAIIBE v. Formyl deriva^ 
Hoe of NArBTBVLilfXNB. 

FOBBtOSB V. FpBMio aldbbtde. 

FOBXO-TOIBIBE 6. Formyl derivative of 

Tonuinxim. 

IOBX.PB:EirYL.I]fn>.FHEHYL.AMl]>£ v. 

fg-PBmVTL-VOBXAMXDIKX. 

FOBinnUB. Symbols have been in use 2n 
^emistry from the carlies^period of the science, 
hot as knowledge has grown their meaning has 
become deeper and deeper ; and the difference 
between the signifleanoe of the earliest symbols 
and of the elaborate chemical formula of the 
present is M great as the diflersnoe between the 
Ibiowledgs of obemical phenomena possessed by 
the earliest chemists, and that possessed by the 
^cmitti of to-day. The first attempt of any 
In^oftaace to represent jnore than the name of 
tsohsUwcf was that of j^sengrata and Adel 


in 1787. These chemists rspressiitsd all nistals 

by oiroles, in which were written the fiifl letters 
of the Latin names thus : Copper 0i lead Y . 
All alkalis and alkaline earths were represented 
by triangles placed in different positions; oxy- 
gen by a horizontal line, do., do. The compo- 
sition of compound substances was represented 
by placing side by side the symbols of the ele- 
mentary substances contained in them. This sys-# 
tern was recommended by Lavoisier, BerthoUet, 
and Fouroroy in a report made by them to the 
French Academy in 1787, but it was not generally 
accepted. The next suggestion of importance was 
made by Dalton in 1808. He represented the 
atoms of tha elements by circles, and distin- 
guished them by various additions. Thus, hy- 
drogen was represented by O, oxygen by Oi ni- 
trogen by sulphur by 9, do. The composi- 
tion of compounds was represented by placing 
side by side the symbols of the elements of which 
the compounds were made up. Thus, water was 
represented by the symbol 00« ammonia by 
(| O, nitrous oxide by '].-0(I;* The present 
system of symbols was introduced by Berzelius. 
They are based upon the atomic theory, each 
symbol of an element being intended to represent 
an atom of an element. As is well known, the 
symbol of an element is the first letter, or the 
first letter and some other letter, of the name of 
the element. In many oases the symbol is de- 
rived from the Latin name of the element. 

The composition of compounds was repre* 
sented by writing side by side the symbols of the 
elements which were in combination. The sym- 
bol of a compound was thus an expression of the 
view held regarding the structure of the com- 
pound. As H represents an atom of hydrogen 
and 0 an atom of oxygen, the symbol HO for 
water meant that what was then called an atom 
of water was made up of an atom of hydrogen 
and an atom of oxygen. So far as it represented 
that water is made up of hydrogen and oxygen 
in the proportion by weight of 1 pt. of the for- 
mer to 8 pts. of the latter, it represented a fact 
in regard to which there could be no dispute. 
But when it was interpreted as meaning that an 
atom of hydrogen is in combination with an atom 
of oxygen, a definite theory in regard to thestmo- 
ture of matter was involved. The difficulties 
in the way of determining atomic weights have 
been referred to in previous articles (v. Atomic 
AND molboulab weiohts, vol i.). Until the in- 
troduction of the method of Avogadro, and that 
of Dulong and Petit, for the determination of 
s^mic weights, there was much difference of 
opinion in regard to the figures to be adopted, 
and, therefore, the symbols did not always re- 
present the same thing. At the present time 
most obemists are agreed as to the system of 
atomic weights, and the s^bols of the elements 
now in use are intended to represent atomic 
weights as dsUermined mainly by the methods 
of Avogadro, and Dulong and Petit. These 
atomic weights are strongly confirmed bv the 
discovery of the periodic law, which would be 
meaningless with anv other system than that 
now generally adopted. There are some chemists 
in France who xefolo to accept the atomiq 
weights, and the syssbols used by them do not 
mesn the same thing M those used othei 
ehemista* 



TW dwtetKjal formula of a ^ . . 

tetidod primarily to repreSLt 
composition of the oo^o^d^ 

oom1)ined to make the amallABt 
oomttouad w^h exhibits the proS‘2*oJ*tW 
jompound. This smsUest nartiole eJ tv. ““ 
pound is oaUed a moleonlo.*^ The fomSHh”' 

is intended to represent a mo Jule to the ote 

ol gaseous compounds, or of compounds Xoh 
derom^osition. we have, of oourse, the me^e ol 

on the basis of Avogadro’s law. The methods 
then, which are involved in the determination of 
moleouhir formula are these : (1) the substanoe 
mus be analysed; (2) the molecular weight 
must be determined. The formula must express 
the results of both determinations. To Low 
‘17 suffice. Let 

ntwJ^r^^^Th^ determine the molecular formula 
of water. The analysis shows that it consists of 
hydrogen and oxygen m the proportion of X pt. 
by weight of the former to 8 pts. by weight of 
the latter. This is a fact involving no specula- 
tion whatever, and any formula adopted must be 
1(1 accordance with this fact. The next step is to 
determine the specific gravity of water vapour. 

«P®cifio gravity is 
0-023. This gives the relative weight of the 
molecule of water, and, adopting the usual stan- 
dard, it shows the molecular weight of water to 
be 18. The atomic weight of oxygen has been 
shown to be 16, if that of hydrogen is 1, so that 
we now haye all the data for writing the mole- 
cular formula. A molecule which consists of 
hydrogen and oxygen in the proportions men- 
tioned above, and the weight of which is 18 in 
tenna of an accepted unit weight, must con- 
tain 2 atoms of hydrogen and 1 atom of oxygen. 
This is expressed by the formula H,0. A mole- 
cule thus made up weighs 18 times as much as 
an atom of hydrogen, or the molecular weight of 
the compound is 18, the 18 pts. being made up 
of 16 pts. of oxygen and 2 pts. of hydrogen. 
Thus &e formula expresses the results of the 
analysis and of the determination of the specific 
gravity of water vapour, and these results are 
interpretfd in terms of the molecular and atomic 
theory and the law of Avogadro. This is true of 
•very formula of a gaseous substanoe. 

As regards the molecular formulas of liquid 
and solid substances wo know but little. Many 
facts indicate that the molecules of liquids aad 
solids are much more complex than those of gases, 
butno altogether satisfactorymethod hasyetbeen 
discovered for determining^he molecular weights 
of such substances. Among the facts which lead 
to the conclusion that the molecules of liquids 
and solids are complex may be mentioned, &e 
not unoonmion observation that fust above the 
boiling-point vapours have a greater specific 
gravity than at a higher temperature. It is not 
probable that the molecules of liquid and solid 
sulphur contain less than six atoma The exist* 
ence of allotropio modifications of the solid ele- 
ments sulphur and phosphorus is probably best 
explained by assuming that the molecules of tiie 
allotropiemodifloationsoontain differaitnumbers 
Of atomt. 


tOnMVLM. 


nexion between the ? definite con- 

Btated provi’^ioZl? by tS 

the Uqnia eeveral of the simple molZleg^ite 

tively say, but probably they do. So also, when 
the hqmd water becomes solid ice, it is not im 

teke ‘^tee 

consider the case of a solid compound 
into vapou?. our 
formula plainly cannot express the molecular 
weight at all. In writing the formula of sodium 
chloride NaCl, we do so because that is the 
simplest formula which will express the fact 
that the compound consists of 23 pts- of sodium 
and 8o-6 pte. of chlorine. But the formula 
NajClj, Na,Clg, Na 4 Cl 4 , <feo., express the results 
of analyses just as well, and at the same time 
are probably nearer the truth than the simpler 
one. The time may oome when it will be neces- 
sary to express the molecular weights of solids 
and liquids, as well as of gases, in chemical for- 
mulas. At present, so far as the facts which we 
generally have to express in our formula are 
concerned, it is not a matter of any special im- 
portance whether we know the true molecular 
weights or not. Indeed, it is not improbable 
that, even though the molecules of solids and 
liquids are comparatively complex, they are re- 
duced to the simple forms under the condition! 
under which oheraioal action takes place, Thqs, 
when a solid or a liquid is dissolved, probably 
the complex molecules of which it is oompos^ 
are broken down and become simple in the 
dilate solutions. This would be in aooordanoe 
with the fact that solutions act readily upon one 
another; and it is in accordance with leoeat 
work on the eleotrolytio* oonduotion of ealte in 
solution (u. Phtsioal methods). 

From what has been said it ie dear that we 
^ave to distinguish between molscular fomuta 
and oompositioTi-formulat the former being ip. 
plioable only in oasce of gases, the latter being 
used in oases in which molecular formuhe 
be written owing to a lack of knowledge the 
laots. In both these kinds fbimnla the 
atomic theory is involved. . . * 

But obei^ts have oome to express giaeli 
more by their formula than the eon^oittlon 
and the molecular weights of eompoundsB 
enress views in regard to the arrang4qt4il ng 


relationi ^ &e pa^ whioh are in eonib 
UMlkim the atomln tbeofy nor the X 
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Avogadro has any direct ooonezioti iHih the 
arrangement of the farts oemstitating a moleoule. 
All that the former maims is that, ^rhen ohemioai 
action takes plaoe, it takes place between certain 
minute particles called atoms; that when an act 
of chemical combination occurs two or more 
atoms combine. The hypothesis of Avogadro go63 
one step further. According to it the particles 
formed by the combination of atoms, i.e. the mole- 
cules, bear such relations to one another that they 
always require the same space for the same num- 
ber, no matter what their composition may be. 

As a result of the study of the chemical 
changes of compounds, however, chemists have 
come to hold certain views in regard to the 
relations of the parts, or atoms, which enter 
into the composition of molecules. Formulis 
which express these views are called in general 
raUonal fornwlcBt or constittUional or structu/ral 
formvJa. Bational formula have been in use 
in chemistry for a long time. Lavoisief^s studies 
on oxygen and the phenomena of combustion led 
him to ascribe to that element a degree of supreme 
importance. According to him the oxygen was 
the chief constituent of every compound. It was | 
oxygen which made acids what they are, and 
oxygen which made bases what they are. When 
a salt is formed the acid and base unite, and the 
salt consists of the two parts in combination. 
Thus potassium nitrate is EO.NO,, sodium sul- 
phate NaO.SO,, Ac. These formula not only ex- 
press the composition of the compounds which 
they represent, they express the view that the 
salts consist of two parts, each of which contains 
oxygen. The same view was extended to other 
compounds, and the attempt was made to ex- 
press the constitution of every compound in a 
similar way. The constitutional formula thus 
introduced were based upon the hypothesis of 
dualism. They were called dmlistic formulce. 
The dualistic view found support in a study of 
the action of the electric current on chemical 
compounds. As compounds are decomposed by 
the dectric current into two parts, one going to 
the positive, the other to the negative, pole, the 
view that every compound consists of two parts 
was Uius plainly strengthened. The introduc- 
tion of the electro-chemical theory by Berzelius 
led io the general use of dualistic formula. 
These formula were intended to represent the 
electro-negative and the electro positive con- 
stituept of each compound. For a long time 
these formula Vere used exclusively, and in 
some books even at the present day they are 
fbond, though many facts have been discovered 
which show that the ciiectro-chemical theory is 
untenable— at least, in the form in which it was 
put forward by Berzelius (o. Dualism). 

Owing to the oompleuty of the compound 
of carbon, and the fact that they readily undergo 
changes, the chief studies evhich have led to the 
views at present held have been made with regard 
to these compounds. At one time what was called 
the iheory of radicles playedran important pa^ 
and at inis time every formula expressed the 
views ot chemistsWarding the particular radicle 
or radicles contained in a oomiMund. These radi- 
cles were groups of atoms wl^ could be trans- 
ferred from one oompound to another without 
undergoing change of ooaiposition. According 
to iJiigrif ef co^juffoH msscmk{ThMrU 


der g^masimf Verldndldngm%l^ 
oompound is made up of some simple cdhipotuid 
conjugated withr a complex group. Thus aniline 
wia regarded as made up of ammonia conjugated 
with a group OgH,, as represented in the formula 
CcH 4 .NH,. The sulphonic acids were in the same 
way regarded as made up of sulphuric acid con- 
jugated with various groups of carbon and hydro- 
gen. Next oame the theory of iypest which 
regards all compounds as built according to a 
few plans. The general plans of all compounds 
were found in simple compounds like hydro- 
chloric acid, water, ammonia, and marsh gas. 
In saying that alcohol, for example, belongs to 
the water type it was meant that it may be 
regarded as derived from water by the substitu- 
tion of the group for a part of the hydrogen 
in water. The relation between the two was 


represented by the formula 0 and 0. 

So, too, aniline was regarded as belonging to the 
ammonia type, and the relation between them 

was represented by the formnla H[N and 
HI 

CjHjv 

H f N. It will be seen that this method of clas- 
Hl 


sification or of expressing constitution involves 
the conception of substitntion and, to some extent, 
the conception of radicles i,e. ot complex groups 
playing the part of single atoms. The object of 
a typical formula was to show to which of the 
types a compound was related, and in what way 
it was regarded as derived from the type. It was 
found necessary to refer many compounds to 
more than one type, and this led tb what was 
called the theory of mixed types. The compound 
methylamine may serve to illustrate this. It 
may be regarded as derived from ammonia, in 
which case it must be represented by the formula 
CH,. 

H f N, or it may with equal right be regarded 

h) 

as derived from marsh gas, and it must then be 
NH,) 


represented by the formula 


H 

H; 


0. Both these 


views may, however, be harmonised: and the 
compound represented m belougiDg to both 
H 


^jpesthoi 


.(I 


It is thus seen tllat chemists for more than 


a century have attempted by means of formula 
to express their views in re^d to the oonstitu* 
tion of ohemied compounds in terms of prevail- 
ing hypothes^ But the formnla thus framed 
were in most oases more than mere expressions 
of theory. They attempted to express certain 
facts that were Imown. In the dualistic formula 
the fact was expressed that compounds are 
formed by the mon of two parts. In the 
eleoteo-chsmioal formula the fact was expressed 
that compounds breah down into two ports 
under the influenoe of as ^eotric onrreni la 
Ibt tonula ropCMenting eonjugate oompoimd^ 







the oompo^ds thus tepre- 
Mntea lukve properties highly suggestive of the 
fundamental substance supposed to be contained 
in them was recognised; and in the typical 
lormulie the fact that the general conduct of the 
compound represented is like that of the type to 
which it is regarded as belonging is intended to 
be expressed. When alcohol is represented as 
belonging to the water type, for example, the 
chemical conduct of the two substances is the 
justification for the view expressed. All the 
constitutional formnlss, then, are intended to 
express facts established by study of the com- 
pounds. Everything learned in regard to a 
compound must be in accordance with the 
formula, and must, if possible, find an interpre- 
tation in the formula. It weuld be absurd, for 
example, to represent a marked acid as belong- 
ing to the ammonia type, unless it could be 
shown that, together with its acid properties, 
the compound also has certain properties which 
suggest those of ammonia. 

Let us now consider the constitutional for- 
mnlsa used by most chemists of the present day. 
These, like adl preceding constitutional formuloe, 
are intended to express the facts in terms of the 
prevailing hypotheses. The type theory gave 
way to the valency hypothesis which was first 
suggested by Franldand and afterwards elaborated 
by Eekuld, Gouper, Kolbe and others. According 
to this the cause of the types is to be looked for 
in the atoms of which the typical compounds 
are made op. Atoms differ from one another in 
the number of other atoms which they can hold 
in combination at the same time. The so-called 
types are simply representative compounds, il- 
lustrating 4ho forms of compounds possible in 
the case of monovalent, divalent, trivalent, and 
tetravalent, elements. Just as the atom of hy- 
drogen is in combination with chlorine in hydro- 
chloric acid, so each atom of hydrogen is in com- 
bination with oxygen in water, with nitrogen in 
ammonia, and with carbon in marsh gas. This 
view involves the conception of the linkage of 
atoms. Instead of conceiving each molecule of 
water, of ammonia, and of marsh gas, as made 
up of a certain number of atoms all in direct 
combination, we now conceive that in these mole- 
cules there are direct connexions between soma 
of the atoms and not between others. While in 
the molecules named the hydrogen is in direct 
combination with oxygen, with nitrogen, and 
with carbon, it is not believed to be in direct 
combination with hydrogen. These views are ex- 
praased by the following formula:— ^ ^ 

H— 0-»H or or H.O.H 

yH fH* .H 

M^HorN-^HorN-H 

\h iH 'H 

(^oro|gorg:0:2 

NH Lh 

Each of the formula for water expresses exactly 
the same view, and so do the different formula 
for ammonU and for manh gas. The facts 
which lead to the acceptance of the valency 
hypothesis have been considered pretty fo^ in 
£e ertiole (g. o.) and they need not 


be repeated here. Bufilce it tS say that ttif 
evidence in favour of th^view that there are 
definite lines of connexion between the different 
parts of molecules is extremely strong, and that 
without this view it appears to be impossible to 
explain the many oases of isomerism which 
present themselves in the field of organio 
chemistry. In on^; constitutional formnw at 
present we endeavour to state what lines of con- 
nexion exist in the moleooles. These formulas 
are based upon the molecular and atomic theory, 
the hypothesis of the linkage of atoms, and to 
some extent npon the valency hypothesis. 

The difference between a typical formula 
and a linkagefonnula is very slight in simple 
compounds, and when the linkage-formula is 
written without tne use of lines or points to indi- 
cate the connexions between the atoms, it is iden- 
tical in appearance with the typical formula. 
It is nevertheless intended to express something 
which the typical formula did not express. We 
may write methyl alcohol 

rOH .0— H 

0 or CH,-0-H or cl ^ or d<^ 

IH \h 


Each formula is intended to express exactly the 
same thing, and that is, that of the foor hydrogen 
atoms contained in the molecule of me^yl 
alcohol, three are in direct combination with 
carbon alone, and one with oxygen ; while the 
oxygen is in direct combination with carbon as 
well as with hydrogen. The formula also ex- 
press the relation between water and methyl alco- 
hol, but that fact is not regarded as the principal 
one, as it was when the theory of types was<the 
controlling idea. While it is not ^ffionlt to see 
how by means of such formula it is possible to 
express the constitution of compounds, it is not 
so easy to see how, when more than one formula 
is possible for the same compound, the selection 
is made. It is thought by some that, in order to 
express the constitution of a compound, it is 
only necessary to know the valencies of the atoms 
which form the molecule of the compound, and to 
arrange these atoms in snob a way as to satisfy all 
the hypothetical afiinities or bonds. Thusthe con- 
stitution of sulphurio acid is written Q^H 


by some, because sulphnr and oxygen are divalent 
and hydrogen is monovalent. In this case to be 
sure there are two other ways in which the con- 
stitutional formula may be written on the above 
assunmtions. TheyareH— 0— 8— 0— 0— 0— H 
and H— 8— 0—0— 0—0— H. Snob formulie, 
however, are oonventionsl methods of enteasiilg 
certain matters which call for evidence. They are 
simply the results of the application of the b^fpo- 
thesis of valency and express something ihtegard 
lb which we know nothing until the subject hfM 
been investigated. Who, for example, oen tw 
without investigation whether in snlphurlb Acid 
both hydrogen atoms arc in combinatton with 
oxygen, or whether one is in Ao mbi natioh^ witti 
O^gen and the other with snl^nr ? One fiew is< 
Just as probable a priori as tne other, ano^theiw 
Is nothing in the hypothesis which will |nable, 
ns to deoide between them.^ And so 
otiber oases. The hypothesis of the Thillgy cl, 
atoms affords ns a ready method of eepnmg; 
feots which are known Ip tu» bn| tt 
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iilfib Qswith thfl iftoti. What kinds of facts thsn 
can be expressed by means of the hypothesis, 
and how ean we beoome acquainted with these 
facts? 

Answers to these questions will best be given 
by means of examples. There are two com- 
pounds known which by the nsual methods can 
easily be shown to have the molecular formula 
0,H|N. Withontfurther information, any attempt 
to express views in regard to the structure of 
these Bobstanoes would be mere speculation. 
By studying the chemical conduct of both we 
soon recognise marked differences between thorn. 
One of th^ shows a tendency to decompose in 
such a way that the nitrogen is given off in the 
form of ammonia, while the t^o carbon atoms 
remain. Thus, under proper conditions this de- 
composition takes place : 

OjEjN 2 HjO « + NH,. 

The other compound breaks down in an entirely 
different way, the nitrogen remaining in*combina- 
tion with one of the carbon atoms, and the other 
carbon atom being given off thus : 

can + 2 H^O = CHjN -I- H,CO,. 

These facts suggest that the carbon and nitrogen 
in these two compounds are held together in 
different ways. In the first it appears probable 
that the connexion is as represented in the for- 
mula 0 — C— N ; while in the second it appears 
that the connexion is this, C— N— C. As regards 
the way in which the hydrogen atoms are held 
in combination, it can be shown that the com- 
pounds formed by decomposition of the two bodies 
under consideration contain the methyl group 
€H«f which, from its formation from marsh gas, 
is rasily shown to have the constitution repre- 
H 


■ented by the formula H— G— H; or, to be 
more strictly accurate, the formation from marsh 
gas shows that if marsh gas has the formula 
H H 


methy? is H-i- 


l 

E 


>H. As the va- 


lett<7 Ot the carbon atom is never greater than 
four, 10 far as is known, it appears that the 
first of the two compounds has the constitution 
HjC-O-N, and the other the constitution 
H,0 — N — 0. These formulas are in accordance 
with the decompositions above mentioned, and 
they surest tke conduct of the substances. 
Ag^, ^ methods of formation of the sub- 
stances Confirm the conclusions already drawn 
in regard to their constitution. Both are formed 
when a salt of hvdrocyamo acid is treated with 
a mono-halogen aerivative of marsh gas such as 
methyl iodide 0HX According to the prevailing 
notions, for which there is abundant evidends, 
methyl iodide is marsh gat. in which one atom of 
hydrogen has been repla^ by one atom of iodine. 
Ite eo^tntion is therefore represented thus ; 

H • 

Wheb this is hreated with sQver 

it 

cyanide the silver and iodine ttnUe and the 
residue of marsh gas, methyl, OH,, unites 
sriA ihs cyanogen, Thai a oompo^ Is formed 


which is represented lha formnli 
And, jnst as the silvar salt is osUm sfiver 
cyanide, so this compound would naturally be 
called methyl cyanide. But, as already stated, 
there are two compounds formed. One is called 
methyl oyamde^ and the othermeihyl isocyanide. 
While the method of formation plainly indioates 
the presence of methyl in both compounds, it 
does not give any clue to the way in which the 
carbon and nitrogen of the cyanogen are united 
with the methyl. According to all we know con- 
oerning carbon and nitrogen, either may act as 
a linking element, so that the two possibilities 
suggest themselves which are represented by 
these formulffi, H,0— 0— N and HjO— N— C. 
We do not know whether silver cyanide has the 
structure Ag — 0— 'N or Ag— -N— C ; as both the 
methyl oompounds mentioned are formed by 
treating silver cyanide with methyl iodide, it 
seems not improbable that the salt contains 
both varieties. However this may be, it is clear 
that the method of formation of the methyl com- 
pounds does not afford us any clue to the 
structure of the cyanogen group. Our informa- 
tion in regard to this is obtained solely by a 
study of the decompositions of the compounds. 

For the two formnlas under discussion we have 
experimental evidence, and the formulae express 
the results of experiments. These results are 
interpreted in terms of the linkage-hypothesis. 
So far these formuls are practically independent 
of the hypothesis of valency. The conception 
that the molecule of marsh gas consists of one 
carbon atom in combination with four hydrogen 
atoms is a necessary consequence of the view 
that the molecule is symmetrical, and this view 
is entirely in accordance with all jRaots known 
regarding the compound. This conception is not 
perhaps so much a result of the application of 
the hypothesis of valency, as of our knowledge 
of the conduct of marsh gas. On now examining 
the formuljB for methyl cyanide and methyl iso- 
cyanide in the light of the hypothesis of vaJenoy, 
we see that in that of methyl cyanide, H,0~C—N, 
one carbon atom is represented as tetravalent, 
the other as divalent, and the nitrogen as mono- 
valent. In the formula of the isooyanide, 
H,C — N— 0, one carbon atom appears to be tetra- 
valent, one monovalent, and the nitrogen divalent. 
Bat, as in most compounds carbon is ^travalent 
and nitrogen either trivalentorpentavalont,it is 
generally held that in these compounds they also 
act in this way, and the formulss arc written so as 
to indicate this. Methyl cyanide is represented 
^us H,0— 0=N, and tne isooyanide thus 
]^0— N»0, the nitrogen being trivalent in the 
former and pentavalent in the latter. It will 
be seen that the chief reason for writing the 
formula) in this way is to account for the dis- 
tribution of the hypothetioal bonds or affinities. 
No experimental evidence has been furnished 
in favour of ^iJiese formolc, and, so far as our 
knowledge of facts is concerned, the simpler 
formulae represent just as much as the more 
eoQ^lex ones. 

^ two examples disenssed will give a lair 
idea of the methods in use for determining the 
stmetnre or constitution of compounds and of 
expressing the results by means of formulA. 
The results reached by a studv of the reactions 
of a compound an expressed by means of • 
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ThoBe reached by a study of 
the method of synthesiB of a compound are ex* 
pressed by means of a synthesis-formula. As it 
18 found that in most oases the reaction-formula 
is identical with the synthesis-formula, the ex- 
pression is called a structural or constitutional 
formula. The structure or constitution may be 
expressed by means of a simple linkage-formula 
•in which the connexions between the atoms as 
determined by experiments are pointed out ; or 
a valency-formula in which an attempt is made 
to express different kinds of connexions between 
atoms. The linkage-formula is based upon ex- 
periments; the valency-formula, so far as it 
expresses more than the linkage-formula, is 
almost wholly an expression of an hypothesis. 

The constitutional formulte of all the great 
groups of chemical compounds have been deter- 
mined by experiments, and they are of great 
value in enabling chemists to express very con- 
cisely in intelligible language the results of ex- 
periments. As it is found that a certain kind of 
constitution carries with it a certain set of pro- 
perties, the formula conveys to the mind at once 
a clear impression in regard to the general pro- 
perties of the compound represented. It has 
been shown by experiment that in every alcohol 
hydrogen is linked to oxygen, and the group 
thus formed, which is called hydroxyl, is in turn 
linked to a hydrocarbon residue. Methyl alco- 
hoi, for example, is represented thus Hg0~0— H. 
Now, whenever we see an expression of this kind 
R — 0— H, in which R is any %drocarbon residue, 
we may expect that the substance thus repre- 
sented has certain general properties which are 
characteristic of all alcohols. The analogy be- 
tween these substances and water and the me- 
tallic bases is also clearly indicated by their 
formulas. Thus we have this series : — 


H— 0— H water, 

K— 0— -H potassium hydroxide, 

Na — 0— H sodium hydroxide, 

51— 0— H any hydroxide of a monovalent 
metal, 

H,0— 0— H methyl ^oohol, 

HjCj— 0— H ethyl alcohol, 

]^0— H any alcohol containing a mono- 
valent residue of a hydrocarbon. 
A very interesting piece of evidence in favour of 
the linking represented in these formula is fur- 
nished by the action of a reagent which has the 
power of removing oxygen and putting chlorine 
in its place. Such a reagent is pentachloride 
of phosphorus, POlj. When it is brought in 
contact with a substance containing oxygen this 
element is abstracted and two chlorine’atofiia 
from the pentachloride take the place of each 
atom of oxygen. If the oxygen serves the pur- 
pose of a linking element, as it does in the com- 
pounds above represented, the compound breaks 
down in such a way that the parts linked to- 



In each case decomposition, takes place, and two 
molecules are formed £rom one. The general re- 
action in the case of metallic hydroxides is: 
M— O-H-fPOlg-POClg + MCl-i-HCl; and in 
the case of alcohols it is : 

r_0-H-h PCI, = pool, -fRCil.^HCn. 

alt 18 evident that oxygen has some power which 
chlorine does not possess. It can link together 
hydrogen and another element, while in the 
cases mentioned chlorine cannot. In a similar 
way an elaborate study of acids has shown 
that in most of them the hydrogen which is 
replaceable by metallic elements is in combina- 
tion in the form of hydroxyl, but the hydroxyl 
instead of being in ^rect combination with 
a metal, as in^the hydroxides above referred 
to, is generally in combination with some 
element which is in turn in combination with 
oxygen. The constitution of nitric acid, for 
example, has been found to be probably re- 
presenttd thus OjN — 0 — H ; sulphuric acid 

thus ; permanganic acid thus 

0,Mn— 0— H; chromic acid thus 0,Cr<^g, 

(fee., &o. So too the carbonates are found to 
be derived from an acid which probably has 
the structure represented by the formula 

< 0H 

Qg-. On studying the acids of carbon, or 

the so-called organic acids, most of them are 
found to contain hydroxyl in combination with 
carbonyl, forming together the group known as 
carboxyl which has the structure 00— -0— H. 
The greater number of the monobasic carbon 

acids may be represented thus or 

R.CO.OH. These formulas show the relations 
which exist between the acids in question and 
carbonic acid. If in the latter we suppose a 
hydroxyl group replaced by a residue like 
methyl, ethyl, &o., the result is a carbon acid or 

an organic acid. Acetic acid is ; pro- 

C H * 

pionio acid is * ; or these formulas 

may also be written CH,.CO.OH andCiH,.GO.OH 
respectively. These are linkage-formuhe baaed 
upon experiments. If we write them thus 
0 0 

ii II 

H,0— 0-0-H and H,0,-0-0-H, we then 
have to deal with valency-formulfe, and they, as 
already remarked, convey no more information 
than the linkage-formulae, unless by further ex- 
periments we become* acquainted with facts 
which justify us in expressing the relation be- 
tween the hydroxylic oxygen and carbon in a dif- 
ferent way from that in which we express the 
telation between the carbonylio oxygen and car- 
bon. In this case ^e are certainly justified in 
mtddng the distinction. It is found that when 
the oxygen of the hydroxyl is replaced by 
chlorine, one chlorine atom takes the place ^ 
the hydrogen and oxygen of the hydroxyl, and* 
the other passes off in combination with hydro- 
gen as hydrochloric acid. It appears ihttefora 
that but one chlorine atom can enter in the 
place formerly occupied by the hydroxylic oxy- 
gen. This is represented by the single liiM 
0— O—H. On the other hand, under a change 
PP 
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of oonditiong, it is found possible to replace the 
carbonylio oxygen by chlorine, and in this case 
two chlorine atoms enter into the molecule in 
place of the oxygen. This we may represent by 
two lines thus, 0»«0. In this case then the for- 
0 

mula — C — O—H is more thf^n a mere applica- 
tion of the valency-hypothesis, it is the expres- 
sion in a particular language of a number of 
facts, among which are some which justify the 
use of the double line, if that is used simply as 
an expression of the facts. 

It is not the purpose of this article to show 
how the structural formulie of all the different 
classes of compounds are dodujied from experi- 
mentally determined facts, but rather to illustrate 
the general principles which are made use of, and 
to show in what way the formulas express the 
facts. The question of single and double union 
has just been touched upon inconnexion\vith the 
relations existing between carbon and oxygen. 
The same question has frequently been discussed 
with special reference to the relations between 
carbon atoms. A concrete case is that of ethylene. 
As is well known, this hydrocarbon has the mole- 
cular formula C^,. It is obtained from ethane 
CjHg by the indirect abstraction of two atoms of 
hydrogen, or from alcohol C^Hj— 0 — H by the 
abstraction of the elements of water. In ethane it 
is assumed that the linkages occur as represented 
H H 

by the formula H— C— C)— H ; and in alcohol as 

U 

H H 

represented by the formula, H— C— C— 0— H. 

U 

Now when hydrogen is abstracted from ethane, 
or water from alcohol, the action may plainly 
take place in two «ways so as to form a com- 
H 

pound of the etrocture, H— C— 0— H, or one of 

A 

H H 

the stmoture U. But when ethylene is 

I •! 

H H 

[.reated with chlorine a compound of the formula 
D 2 H 4 O 4 is formed, audit has been shown that 
in this compound each chlorine is in combina- 
tion witii a dif erent atom, as represented in the 
H H 

formula Cl--> i-i-a. Ji appears from this 

U 

that ethylene is, in all probability, made op as 
H H 

represented in the formula U. So far this 

U 

formula expresses all that we have learned, and 
it appears that, in ethylene, carbon is trivalent. 


But ethylene has a power which ethane has not 
It can t^e up two atoms of hydrogen, of ohlor> 
ine, bromine, (ko. It is unsaturated. We may 

H H 

represent this fact by the formula — dl — (ll — , 

which, if interpreted in terms of the hypothesis* 
of valency, means that two of the affinities of 
each carbon atom are employed in holding hy- 
drogen i^ combination, one of each in holding 
the two carbon atoms together, and one of each 
is unemployed. There are several objections to 
this view. Iq the first place it implies that a 
part of an atom can be acting while another part 
is doing nothing, a state of things which it is 
impossible to conceive. In the next place if a 
compound with free affinities can exist, why 
should we not be able to isolate the hydrocarbon 

(IlH,? This compound cannot be isolated. It is 

necessary to have a molecule containing at least 
two carbon atoms before it is possible to get a 
compound of the ethylene series. This makes 
it appear probable that the kind of unsaturation 
found in ethylene is dependent upon some change 
in the relations of the carbon atoms. The differ- 
ence between the relation in ethane and in ethyl- 
ene may be represented by the signs 0 — C and 
C— C. The second, or ethylene sign, suggests at 
once the sign used to express the carbonyl rela- 
tion between carbon and oxygen. On com- 
paring the reactions of ethylene compounds with 
those of carbonyl compounds, we find indeed 
that they have certain features ia common. 
This is seen in their conduct under the influence 
of nascent hydrogen. Ethylene is converted by 
this reagent into the saturated compound ethane, 
the action being represented in this way ; 

H H H H 

i I II 

C=C + 2 H » H—O — 0 — H. So too acetone, 

kk kk 

which may be taken as a convenient example of 
carbonyl compounds, takes up two atoms of 
hydrogen and is converted into the saturated 
compound, isopropyl alcohol, as represented in 
H 0 H 

the equation H— (Lc-i- H-I-2H « 

k k 


H H H 
H-cU-i- 




H. f While then It ig impoi- 


Bible at present to say what relation the con- 
dition which we call single union bears to that 
which we call double union, still we cannot avoid 
recognising that there are at least two kinds of 
relations between atoms, and these two kinds 
may be conveniently expressed by the signs 
under discussion. 

A similar study of acetylene, C^, and cer- 
tain cyanogen derivatives, shows that, if we 
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reoognifie the distinction between single and 
double union, we must also recognise a third 
kind of relation, which by analogy we should 
call triple union. This condition is most dis- 
tinctly represented in acetylene. It carries with 
it the power to take up four monovalent atoms, 
just as the double union condition carries with 
it the power to take up two monovalent atoms. 
•Acetylene becomes ethane under the influence of 
nascent hydrogen as expressed thus : CjH 3 + 4H 
a OgHg. The same power is seen in the cyanides. 
Thus, methyl cyanide, which, assuming J;he con- 
dition of triple union between the carbon and 
nitrogen in the cyanogen group, is expressed 
thus, CH,— C^N, takes up four aioms of hydro- 
gen, and is converted into ethylamine; thus 
CH,~(^N + 4H = CH,-CH 5 -NH 2 ; a trans- 
formation which is plainly of the same kind as 
that which takes place when acetylene is trans- 
formed into ethane. It should be distinctly 
stated that the signs used to express double 
union and triple union are not intended to con- 
vey the idea that the condition of single union, 
whatever that may be, is repeated twice or three 
times. They simply express relations different 
from that of single union, relations which we 
recognise by means of definite reactions. The 
double line certainly does not mean that the 
union expressed by it is twice as strong as that 
expressed by the single line. Indeed it is clear, 
from a study of compounds in which the ethyl- 
ene condition exists, that the double union is 
less firm than the single, and the study of com- 
pounds of the acetylene order shows equally 
plainly that triple union is the least firm of the 
three. 

If we should examine all the linkage formulas 
of complex compounds which have been deter- 
mined experimentally, we should^ find that, in 
general, the linking takes place in accordance 
with the laws of valency. In many cases, how- 
ever, the linkages are less in number than we 
should be led to expect from our knowledge of 
the valencies of the elementary atoms. In these 
cases, it is generally found that the compounds 
have the power of forming additive compounds 
in which each element acts with its maximum 
valency. 

The methods for determining constitutional 
fonnulsB^hus far considered are purely chemical. 
They are based upon a careful study of the de- 
compositions, syntheses, and transformations, 
of the compounds. The question will suggest 
itself, whether it is possible by a study of 
physical properties to throw any ligh^ upjjn 
structure. Several attempts have been made m 
the direction indicated. The methods will not 
be considered here at all in detail, as they will 
form the subject of other articles. The proper- 
ties which have been most elaborately stuped 
are ; specific volume, molecular refraction, 
polarisation-phenomena, magnetic rotation, and 
thermal phenomena. , , , * 

The specific volume, or molecular volume, of 
a substance is represented by a figure obtained 
by dividing the molecular weight of the substance 
by its specific gravity in the liquid form. It has 
been shown that the specific volume of an element 
in combination can sometimes be determined by 
studying a number of its compounds, the general 
principle made use of being this ; the specific 


volume of a certain compound is determined and 
then that of another compound differing from 
the first by 1 or 2 atoms of the element ; the 
difference between the two specific volumes is 
regarded as the specific volume of 1 or 3 atoms 
of the element by which the two compounds differ. 

It appears from investigations thus far carried 
out that the specific volume of oxygen has two 
values according as it is in the hydroxylic or the 
carbonylio condition. Assuming this to be estab- 
lished, it is clear that, by determining the spe- 
cific gravity of a compound in liquid form, and 
without studying its chemical reactions, we might 
be able to decide whether an oxygen atom con- 
tained in it is in one or the other of the two 
conditions mentioned.* 

As regards molecular refraction, it has been 
shown that, in general, compounds of the same 
composition have the same refraction-equivalent. 
The refraction equivalent is represented by the 

.* /ft -1 

expression P(-^ 

cular weight of the substance, n the index of refrac- 
tion, and cZ the relative density of the substance. A 
more elaborate study of this subject has shown 
that the molecular refraction of a substance is in- 
fluenced by the presence of the conditionof double 
or triple union. The occurrence in a compound of 
one double linkage causes a definite increase in 
the molecular refraction. So, also, the presence 
of carbonyl, CO, causes an increase in the mole- 
cular refraction above that found when the oxy- 
gen is present in the singly linked condition, as 
in hydroxyl C— 0— H. If these rules can be 
proved to be well founded we have a method 
which will enable us to determine whether double 
linkage between carbon atoms, or between car- 
bon and oxygen, exists in compounds under ex- 
amination. The method does not, however, help 
os at present to understand what double link- 
age is. It merely puts us in a position to say 
that, if this condition is assumed in certain 
compounds, it must be assumed in certain other 
compounds which conduct •themselves in the 
same way.^ 

Kecently some facts have been observed in 
studying the magnetic rotary power of substances 
which may be utilised in determining constitu- 
tion. It has been shown that the addition of 
CH, to a compound increases the molecular 
magnetic rotation by a definite quantity. So 
also a definite effect was shown to be produced 
by the introduction of methyl,* Other results of 
the same general character were obtained. It is 
not improbable that a further study of the mag- 
netic rotary power of ofiemical compounds may 
put us in possession of a method of consider- 
able value. Up to the present the method as 
t^us far developed has not come into general 
use. The method based upon a study of the 
magnetic rotary power, like those based upon a 
study of specific volumes and molecular refrac- 
tion, does not give any information in regard to 
^e various conditions which it is its object to ^ 
detect. It merely attempts to toll us in which 
compounds certain conditions exist, without 
saying anything in regard to the nature of these 


in which P is the mole- 


* Tba oonnezlonfl between epedflo volume and eonstitn- 
tion, and between refmotionandoonetltatlon, arejiowever, 
not yet anything like clearly daboratad (v. Phtsicaii 
KSTBODS).— If. K. F. H. 

ttl 
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conditions. It is, however, quite within the ' 
range of probability that continued study of all j 
the physical properties of compounds may lead ; 
to a satisfactory hypothesis in regard to the 
nature of those conditions of which we now 
simply recognise the existence. Thus, if it is 
found that, whenever double linkage occurs in 
a compound, certain physicai properties always 
appear, it may be possible to frame a satisfac- 
tory hypothesis in regard to the nature of the 
condition which we c{^ double linkage. If then 
we could express this hypothesis in our formulie, 
these would be, more strictly than those now in 
use, constitutional formulcB. 

The chemical methods -and the physical 
methods thus far discussed Inve nothing di- 
rectly to do with the relations which atoms bear 
to one another in space. The formulse deter- 
mined by means of them do not attempt to 
express space- relations, unless the fact that 
two atoms are represented as being in dii^ct com- 
bination with each other implies that they are 
nearer each other than two atoms in the same 
molecule which are not in direct combination with 
each other. The formulas simply represent con- 
nexions believed to exist between the different 
parts of molecules. We know nothing in regard 
to the forms of molecules, and the arrangement 
of atoms in space. Nevertheless, some ingenious 
speculations have been indulged in with refer- 
ence to these space-relations. One which has 
received much attention, and which is certainly 
worthy of serious study, was suggested by obser- 
vations of the effects produced by certain sub- 
stances on polarised light. There are three 
varieties of tartaric acid ; one of these turns the 
plane of polarisation of a ray of light to the 
right, a second turns it to the left, while the 
third is optically inactive. The third is formed 
by the union of the first and second, and is, 
therefore, probably to be regarded as differing 
from the active varieties in having a greater 
molecular weight. 

The difference between the first and second 
tartaric acids cannot be expressed by means 
of our ordinary linkage-formulae. Both are 
represented probably by the same formula, 
CH(OH).CO.OH 

I , which is in accordance with 

CH(OH).CO.OH 

the chemical reactions, decompositions, and 
syntheses, of both. Nevertheless the two com- 
pounds differ. Several other cases of the same 
kind are known. This kind of isomerism, 
which shows itself in differences in the physi- 
cal properties, and nothin the chemical conduct, 
is called physical isomerism. To account for 
the particular kind of physical isomerism 
here referred to, Le Bel and Yan’t Hoff have 
made the suggestion that it may be due to 
a different arrangement r in space of certain 
parts of the molecules. If the four affinities 
of a carbon atom be supposed to be exerted 
in the direction of the angbs of a tetrahedrcm, 
the carbon atom being at the centre of the 
tetrahedron, there are two ways in which four 
different atoms or groups can be conceived 
to be combined with the carbon. Arranging 
these atoms or atomic groups in any way, the 
other possible arrangement is found b^ regarding 
the refleetion of the first arrangement ui amiiror. 


These two kinds of arrangement in space are 
possible only in those compounds in which a 
carbon atom is in combination with four differ- 
ent atoms or atomic groups. Such a carbon 
atom is called an asymmetric carbon atom. Now, 
it is a remarkable fact that optically active com- 
pounds always contain one or more asymmetrical 
carbon atoms. Some attempts have been made 
to express by means of formulae the space-* 
relations suggested in the above hypothesis 
(v. especially Wislicenus, K. Sdchsischen Qes. 
der Wis^mschaften, 14, 1). 

It has been pointed out by Briihl that the 
boiling-points, densities, and indices of refraction, 
of isomeric compounds vary in the same way ; 
that for isomeric compounds the constants of that 
one are largest which consists of an uninterrupted 
chain of hydrocarbon residues, and that the con- 
stants become smaller the more the structure of 
the molecule is branched, and deviates from 
one direction. The data thus far in our posses- 
sion seem also to show that the shorter the mole- 
cule of isomeric compounds, i.e. the more they 
approach the spherical form, the larger is the mo- 
lecular volume. The words ‘shorter,’ ‘branched,’ 
do., used in these statements, have primarily, 
of course, reference to the appearance of the for- 
mulffl in common use, and which, as already 
explained, are not intended to represent the 
arrangement of atoms in space. But, assuming 
that they do in a rough way represent the shapes 
of the molecules, it appears that there probably 
exists a direct connexion between the variations 
in the physical constants of isomeric compounds 
and the shapes of their molecules. Thus, the 
specific gravity of compounds with long mole- 
cules would necessarily be greater than that of 
compounds with branched or spherical molecules, 
for the same reason that we can get more rods 
in a given space than spheres of the same weight. 
So also with reference to the boiling-points. The 
rod-shaped molecules offer the most points of 
contact, the spherical the fewest. The cohesion 
between molecules of the first kind will hence be 
the greatest, and the conversion of a substance 
made up of such molecules into vapour will re- 
quire more heat, or the boiling-point will be 
higher, than in the case of a substance made up 
of molecules of the branched or spherical kind. 
It will thus be seen that we have faint sugges- 
tions that our linkage-formulas have' some re- 
lation to the arrangement of atoms in space, 
though primarily they are not intended to ex- 
press facts of this order. I. B. 

FQBMTL. The radicle CHO, the lower 
homologue of acetyl. The term was at one 
time applied to the radicle CH now called 
metJienyl. The formyl derivatives of amines 
are described under the amines from which they 
are derived. 

FOEMYI-CAMPHOB C„H„0 U 
/CH.C0H 

CgH, 4 <^[ Oemphor aldehyde. [76®-78®]. 

Formed on treating camphor with formic ether: 
C,H,4<^^ + C0H.0Et 
XH.00H 
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Separated by aointion in alkalis, shaking with 
ether, acidifying with acetic acid, shaking again 
with ether and evaporating (Bishop a. Olaisen, 
B. 22, 683). CrystsiUine. Its properties are like 
those of the ketonic aldehydes R.OO.OHB'.COH. 
It is a moderately strong acid, v. sol. caustic 
alkalis. FeCl, gives a dark violet solution. 

Salt. — A'gCu: bright green crystalline pp. ; 
ll. sol. water ; v. sol. organic solvents. 

Anilide 0„H,jO.OH:N.Ph : [163°]; colour- 
less, crystallising well. 

FORMYL.TEICAEBOXYIIC ACID v. Me- 

THANB-TRICAKBOXYLIO ACID. 

FORMYL CYANURAMIDE. Described 
nnder Gtanic acid as a derivative of cyanur- 
amide. 

FORMYL.MELAMINE. Described, as a deri- 
vative of cyanuraniide, under Cyanic acid. 

FORMYL-PHENYL-ACETIC ACID 
HCO.CHPh.COjH. Ethyl ether (145°) 
at 16 mm. Formed by suspending dry NaOEt 
in ether (3 pta.), adding a mixture of formic 
ether and phenyl-acetic ether, and keeping the 
whole for several days in a closed vessel. The 
product is shaken with water at 0°, acidified, 
and extracted with ether (Wislicenus, B. 20, 
2930). Oil. Decomposed by boiling with 
aqueous NaOH into formic and phenyl-acetic 
acids. The alcoholic solution gives a bluish- 
violet colouration with FeCl,. Phenyl-hydra- 
zine forms CO<CcHPh [196°]. Formyl- 

phenyl-acetio ether changes spontaneously, es- 
pecially at 70°, into a crystalline isomeride [70°]; 
this isomeride is also split up by alkalis into 
formic and phenyl-acetic acids. 

DI-FOR^YL-PHENYLENE-DUMINE v, 

PflENYLENE-DIAMINE. 

FORMYL-PROPIONIC ACID 
HCO.CHMe.CO.,H. (161°). Formed by the 
action of NaOEt on a mixture of formic and 
propionic ethers (Wislicenus, D. 20, 2930). Oil. 
Gives an intense reddish-violet colour with 
FeCl,. 

FORMYL-UREA v. Urka. 

FORMYL-XYLIDINE v. Xylidine. 

FRAOARIANIN. Said to occur in the root of 
the strawberry {Fragaria vesca) (Phipson, C. N, 
38, 136). V. si. sol. water, alcohol, and ether ; 
potash-fuaion forms from itprotocatechuic acid. 
Boiling aqueous HCl splits it up into glucose 
and an amorphous red substance, fragarin. 

FRANCElNS. A group of colouring matters 
obtedned by the action of cone. H3SO4 upon the 
haloid derivatives of benzene. From the jienta- 
ohloro-benzene C„HC1„ the franceine has the 
empirical formula CjgHCljO, (Istrati, C. E. 106, 
277 ; Bf.[2]48,36). All the ftanceinsare sol.cono. 
H.^S04, some are sol. water. Many of them dis- 
solve in alkalis forming very soluble neutral 
salts. They all dissolve in alcohol forming 
highly-coloured dichroic solutions. They dye 
cotton, linen, and especially silk with shades 
varying from rose-colour to maroon. The depth 
of colour and the tinctorial power increases with 
the proportion of chlorine. Two franceins 
C^HOljOj are obtained by boiling pentachloro- 
benzene (800 g.) with Nor^iiausen acid (2000 c.o.) 
for 8 hours a day during 16 days ; HCl and 
are given off. At the end of 16 days the acid is 
decanted, a fresh quantity added, and the heat- 


ing continued for another fortnight. During 
this process the franceins gradually separate as 
a maroon-coloured substance. After washing 
with water, the francein formed in greater quan- 
tity is dissolved out in aqueous KOH, reppd. by 
HCl, and, when dried at 60°, exhibits a metallic 
^reen lustre. It dissolves in alcohol and in gly- 
cerine but not in vihter. Its alcoholic solution 
is red by transmitted, but yellowish-green by 
reflected, light, and dyes silk a rose-colour. The 
K salt is deep-brown with metallic lustre, and 
is v. sol. water forming a deep-red non-dichroio 
solution which gives pps. with salts of Ba, Pe, 
Sn, Eg, Al, Mg, Cd, NM, tkc. The second fran- 
cein, formed at the same time in much smaller 
quantity from peftta-chloro-benzene, is sol. warm 
water but almost insol. EOHAq and is less 
sol. alcohol than its isomeride. It dyes silk a 
peach colour. When tetra-chloro-benzene (200 
c.o.) is foiled with cone. E^SO^ (1,200 c.c.) 
for 105 nours it is completely dissolved with 
evolution of water, HCl, and SO.^. No sulphonio 
acid is formed, but on treatment with water a 
reddish-brown solid is got. This solid dissolves 
easily in KOHAq and in alcohol ; its alcoholic 
solution is pale brown by transmitted, and dull 
green, by reflected, light. According to Georgesco 
a. Mincou {Bl. [2] 60, 623), this francein is 
CigH^ClsOa, and forms an insoluble silver salt 
C^Ag.ClgOg. 

FRANOULIN Cj.H^Og? (Sohwabe, Ar. Ph. 
[3] 26, 660). [230°]. A yellow crystallisable 

colouring matter contained in the bark of the 
berry-bearing alder {Bhamnm Frangula). It is 
accompanied by an amorphous yellow resin, and 
occurs most abundantly in the older branches, 
the younger branches containing more of ths 
resin (Caspelmann, A. 104, 77). 

Preparation , — The bark is digested for three 
days with alcohol (90 p.c.) at 26° to 30° ; the 
resulting tincture is concentrated by evaporation 
and freed from tannin &c. by ppn. with lead 
acetate ; lead subacetate is added to the filtrate, 
and the pp. is suspended in dlcohol and decom- 
posed by H.^S. The boiling liquid is filtered, 
and on cooling deposits crystals of frangulin 
(Faust, A. 105, 229 ; Z. [2] 6, 17 ; Liebermann 
a. Waldstein, B. 9, 1775). 

Properties.— Lemon-yellow crystalline mass 
with dull silky lustre. Insol. water ; soluble in 
160 pts. of warm dilute (80 p.c.) alcohol, nearly 
insol. cold alcohol, si. sol. ether, sol. hot fixed 
oils, benzene, and oil of turpentine. May ba 
partially sublimed as minute golden needles (0.). 
In aqueous alkalis it fo^ms a deep cherry -red 
solution from which it is reppd. by acids but 
not by metallic salts. Cone. HjSO* forms a 
dark-red solution which becomes brown on heat- 
lag j it is reppd. by water. Boiling cone. HNO^ 
dissolves it without decomposition (C.). Fuming 
HNOj forms oxalic »cid and so-called *nitro- 
frangulio acid’ CjoHnNiO,,? (Hesse, A. 117, 
849) which crystallises in orange-red needles 
(from alcohol). FrAigulin is split up by boiling 
dilute HCl into glucose and epiodin, a tri-oxy- 
methyl-anthraquinone (Schwabe). 

FRAXIN CjaHinOioiaq. P<min, A sub- 
stance occurring in the bark of the common ash 
{Fraxinus excelsior), and also, together with 
iBSOulin, in the bark of the horse-chestnnt 
iM8culusEippoca8tanum),md in varioos ^eoiei 
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of Pavia (Salm-Horstmar, P. 97, 827, 687 ; 100, 
607; Bochleder, P. 107, 381; J, pr. 90, 433; 
Stokes, C. J. 9, 17; Keller, Eep. Pharm. 44, 
438 ; j^hleder a. Sohwars, A, 87, 186 ; Sten- 
house, P. M. [4] 7, 601). 

Preparation, — 1. A decoction of ash-bark 
(taken at the flowering-time) is ppd. by lead 
acetate ; the filtrate is ppd.'^by lead subacetate, 
and the pp. suspended in water and decomposed 
by (Salm-Horstmar).— 2. The aqueous de- 

coction of horse-chestnut bark is mixed when 
cold with such a quantity of FeCl, that on add- 
ing ammonia the pp. immediately separates; 
one-fourth of the ammoniacal filtrate is ppd. by 
lead acetate, the pp. is redissolved in HOAo, the 
rest of the filtrate is then aridified by acetic 
acid, the two portions mixed together, and, after 
again adding ammonia, the resulting pp. dis- 
solved in acetic acid, freed from lead by H^S, and 
left to crystallise. 4 ^ 

Properties.— Tufts of colourless needles; it 
has a slightly bitter taste. SI. sol. cold, v. 
sol. hot, water; si. sol. cold, m. sol. hot alco- 
hol ; insol. ether (Salm-Horstmar). Stokes 
(C. J, 12, 17) found it more soluble in ether than 
aesculin. It gives off its water of crystallisation 
at 110 ® to 160®, and melts at a higher tempera- 
ture (820® according to Salm-Horstmar). The 
concentrated aqueous solution is yellow, and has 
an acid reaction ; when largely diluted it ex- 
hibits strong bluish-green fluorescence ; this 
fluorescence is increased by the presence of a 
trace of alkali, but is destroyed by acids. The 
alcoholic solution is likewise fluorescent. FeCl, 
colours the aqueous solution green, and then 
yields a lemon-yellow pp. Lead acetate also 
gives a yellow pp. in its ammoniacal solution. 
Boiling dilute H 3 SO 4 splits fraxin up into glucose 
and fraxetin. 

Frazetin CioHgOj. S. (cold) *1 ; (hot) *33. 
Formed as above, and also by the action of HCl 
on a lemon-yellow crystalline compound CjjHjgO,,, 
also occurring in horse-chestnut bark (Rochleder, 
C. C. 1864, 416). Sfeedles (from the dilute HjSO^ 
in which it is formed), or tables (from alcohol). 
Has a slightly astringent taste. Y. si. sol. water, 
si. eoL alcohol and e^er. Melts at the melting- 
point of tin, without turning brown. Cone. 
HjSO. forms a bright-yellow solution, whence 
after oilution and addition of NH, it separates 
in crystals. HClAq dissolves it. Cone. HNO, 
is coloured by it^rk -violet, changing to red and 
yellow. The aqueous solution is coloured yellow 
by NH,. FeCl, colours its aqueous solution 
greenish-blue. Acid .ammonium sulphite dis- 
solves fraxetin, and on adding NH, the liquid 
becomes yellow, but does not turn red or blue 
on shaking with air (difference from sDsculetin). 

FUCBS ALDEHYDE Fucusol («)- 

Pyromucic aldehyde, (172®). S.G. 1*160. 
S. 7 at 13®. A volatile oif, isomeric or possibly 
identical with furfurol, obtained by distilling 
sea-weeds (Fucva nodoeus. F, vesiculosus, F. 
eerrahUt Ac.) with dilute ^Iphurio acid (Steu- 
house, P. jlf. [82 18, 122; 87, 226; A. 86, 801; 
74, 278). It is washed free from accompanying 
acetone, distilled with steam, and dried over 
CaCl,. Colourless oil; turns bro^ on hop- 
ing exposed to air. HjSO, colours it yellowish- 
brown; HClAq turns it green ; when impure the 
•olour in both cases is purple-red. KOHAq 


colours it yellow, the colour afterwards changing 
to dark-red. Fucusol turns the skin deep-yellow, 
the spots being turned rose-red by aniline (as 
with furfurol). When boiled with water and 
moist Ag,0 the silver salt of (j8) -pyromucic acid is 
formed OjHsAgO, ; (j 8 ) -pyromucic acid prepared 
from this salt crystallises in small rhomboidal 
plates [130®], whereas ordinary pyromucic acid 
forms flat needles [133®] (Stenhouse, Pr. 20, 80)'. 
Ammonium sulphide converts fucusol into thio- 
fuousol C 4 H 4 SO, which resembles its isomeride 
thiofurTurol. Moss (Sphagnum) and various 
species of lichen (Cefrana islandicUy XJsnea, and 
Bamalina) when distilled with dilute H^SO, 
yield an oil apparently identical with fucusol. 

Fucusamide C^^H,jN,0,. S. *04 at 8 ®. This 
isomeride of furfuramide is obtained by the ac- 
tion of ammonia on fucusol. It crystallises from 
hot alcohol in groups of long needles. Its re- 
actions are similar to those of furfuramide. 

Fucusine CisHjjNjjO,. When fucusamide is 
boiled for twenty minutes with moderately con- 
centrated aqueous KOH it melts, and is con- 
verted into an oil which solidifies on cooling to 
a yellowish resin. From this resin HNO, ex- 
tracts the base, and, on cooling, the nitrate 
crystallises out. If a slight excess of NH, be 
added to an aqueous solution of the nitrate 
fucusine slowly separates in stellate groups of 
small laminee. 

Salts.— B'HNO, : stellate groups of long 
prisms (from water), or large trimetrio prisms 
(from alcohol). Decomposes at 100°. — 
B'-H^PtCl^ : four-sided prisms (the correspond- 
ing salt of furfurine forms needles).— B'HjCjO*: 
small silky needles ; m. sol. cold water. 

FULMINATES. Described uncler Cyanic 

ACID. 

FULMINUBIC ACID. Described under 
Gyanio acid. 

FUMABAMIC ACID v. Amide of Fumario 

ACID. 

FUMABfiNILIC ACID v. Anilide of Fumario 

ACID. 

FUMAEIC ACID C^H^O* i.e, 
C 05 jH.CH:CH.CO.^. Allo-maleic acid. Mol. w. 
116, S. *67 at 16-6® (Carius, A. 142, 163) ; (cold 
70 p.c. alcohol) *48. H.C. 318,176 (Louguinine, 
C, R. 106, 1290). Heat of solution -6901 (Gal 
a. Werner, Bl. [2] 47, 169). Heat of 'neutralisa- 
tion (by NaOH) 26699 (G. a. W.). 

Occurrence. — In various plants and fungi: 
fumitory (Fumaria officinalis), Corydalis but- 
bosa, Olaucium flavum, Iceland moss (Lichm 
islandicus), Boletus pseudo-ignarius, and Aga- 
ricus piperatus (Winkler, Rep. Pharm. 39, 48, 
368 ; 48, 89, 363 ; A. 4, 230 ; Wioke, A. 87, 226 ; 
Probst, A. 31, 248; Pfaff, Schw. J. 47, 476; 
Dessaignes, J. Ph. [3] 32, 48 ; A. 89, 120 ; Bolley, 
A. 86 , 44; SchOdler, A. 17, 148; Trommsdorff, 
N. Tr. 26, 2,,^63). 

Formation. — 1. Together with maleic acid by 
the dehydration of malic acid by heat (Lassaigne 
[1819], A. Ch. [2] 11, 98 ; Pelouze, A. Oh. [2] 
66 , 429 ; A. 11, 266).— 2. From maleic acid by 
heating with aqueous HI, HBr, or HCl (Dos- 
saignes, J, 1866, 463; Kekul 6 , A. 180, 21; 
Suppl. 2 , 86 ).— 3. By treating calcium malate 
witn P0l„and decomposing the resulting chloride 
with water (Perkin a. Duppa A. 112, 24).— 
4. By fusing sulpho-sucoinlc acid with potash 
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(Messel, A, 167, 20).*— 6. By heating bromo-suo- 
einio acid.— 6. By the aotion of aqueous KI and 
copper upon di-bromo-suocinio acid and its iso- 
meride (Swarts, Z, 1868, 269). Also from di- 
bromo-suocinio aoid and thio-urea (Nencki a. 
Sieber, J, w. [2] 26, 72).— 7. From di-bromo- 
Buooinio etner by^ treatment with finely divided 
silver and saponification of the product (Goro- 
\3etzky a. Hell, B. 21, 1802). — 8. By heating 
Buooinimide with bromine at 130*^ in sealed 
tubes (Kisielinski, Site. W. 74, 661).— 9. By 
boiling silver malonate with di-chloro-ac^tic acid 
and a little water (Komnenos, A. 218, 169). — 

10. By treating asparagin or aspartic aoid with 
Mel and KOH (KOrner a. Menozzi^G. 13, 352). — 

11. From (6)-bromo-pyromuoio acid, bromine, and 
water (Hill a. Sanger, A. 232,' 63 ; cf. Limpricht, 
A, 166, 289).— 12. By treating i3-di-ohloro-pro- 
pionio ether with KCy, and decomposing the 
product by KOH (Werigo a. Tanatar, A. 174, 
368). — 13. By boiling chloro-ethane-tricarboxylio 
ether (prepared by the action of Cl on ethane 
tricarboxylic ether (COjH)CH 2 .CH(COjH )2 with 
HCl (Bisohofl, B. 13, 2162).— li According 
to Mfihlhauser {A. 101, 171) fumario acid is 
among the products of the action of aqua regia 
on proteid compounds.— 15. By heating ethylene 
tetra -carboxylic aoid (Conrad a. Guthzeit, B. 16, 
2632). 

Preparnfion.— Malic aoid is heated at 160®, 
and finally to 180®, in a current of air as long as 
water and maleic acid distil out. The residue is 
washed with a little cold water and dried at 
100®. 250 g. malic acid treated in this way give 
160 g. fumaric aoid (Purdie, C. J. 39, 346 ; cf. 
Baeyer, B. 18, 676). 

Prop«yfics.— Small prisms, needles, or plates. 
Sublimes at 200®, and when strongly heated it 
gives some maleic anhydride. It burns with a 
pale flame. The initial rate of etherification of 
fumario acid (32*7) is less than that of maleic 
acid (61*5), but ultimately the same proportion 
of each (72-6 p.oA is etherified by isobutyl alcohol 
(Menschutkin, B. 14, 2630). 

Beactions.—l. Reduced to succinic acid by 
adding sodium-amalgam to its aqueous solution, 
or by heating with HIAq.— 2. Heated with 
HBrAq at 120® it is slowly transformed into 
bromo-succinic acid.— 3. It combines very slowly 
with br^ine in the cold, but when heated with 
bromine and water at 100® di -bromo-succinic 
acid is formed in a few minutes (Kekul6,i4. Suppl. 
1, 129 ; Petrie, A. 196, 66).— 4. Zinc dissolves in 
aqueous fumario acid, forming zino-fumarate, and 
giving oft hydrogen (Kekul6, A. Suppl.^, lO^)* 
When zinc and fumario aoid are placed together 
in cold water hydrogen is not evolved, but zinc 
fumarate is formed, while succinic aoid remains 
in solution (Von Victor, Z. [2] 4, 464). When 
fumaric acid is gently heated with zmo and 
excess of potash-solution it is reduced to suc- 
cinic aoid (K.).-6. Fumario acid is not oxidised 
by boiling HNO„ by water and PbO„ or by 
BLOr.O,. Aqueous KMnO^ oxidises it to race- 
mio acid.— 6. Electrolysis of an aqueous solution 
of sodium fumarate gives acetylene, CO,, and 
hydrogen (Kekul6, A. 131, 86).-7. ChlonM forms 
di-ohloro-Buccinio and tri-ohloro-acetio acids 
' — ,—S. EypochloroiLs add 


jP4trielf,jB?.[2]41, 
forms a command 


IH(0H).00, 


which yields inactive malic acid when reduoei 




sodium-amalgam (P.).— 9. Aqueous NaOH at 
100® slowly forms inactive malic acid. — 10. Water 
in large quantity at 160® also forms inactive 
malic acid (Jungfleisch, B. 12, 370 ; Pictet, B. 14, 
2648). — 11. Boiling aqueous KjSO, forms potas- 
sium Bulpho-succinate.— 12. Acetyl chlonde^ in 
presence of HOAc at 100®, dissolves fumario acid 
in twenty-four hours, the product being maleic 
anhydride (Perkin, C. J, 39, 660 ; 41, 268), while, 
according to Anschutz (B. 10, 1881 ; 14, 2792), 
pore AcCl has no action on fumario acid. By 
heating fumario acid with pure AcOl at 140® 
Perkin {B. 16, 1073) obtained maleic anhydride 
and a little ohloro-succinic anhydride ; the latter 
being probably an intermediate body in the 
formation of ijaleic anhydride (Anschiitz a. 
Bennert, B. 16, 640). — 13. Fumaric chloride 
alone, or dissolved in benzene, reacts mth 
silver fumarate, forming maleic anhydride. 
Fumaric chloride, dissolved in light petroleum, 
is concerted by NajCO, into maleic anhy- 
dride. It is evident, therefore, that there is 
but one anhydride for the two isomeric acids, 
fumario and maleic. — 14. A dilute aqueous solu- 
tion containing fumario acid and aniline in pro- 
portion to form the acid aniline salt gives, on 
heating, no anilide (dillerence from maleic acid) 
(Michael, Am. 9, 180).— 15. Excess of alcoholic 
ammonia at 160® for twenty hours forms inactive 
aspartic acid (Engel, C. R. 104, 1806). 

Salts.— None of the fumarates dissolve in 
alcohol. Solutions of the alkaline fumarates 
are not ppd. by salts of Zn, Al, or Cr. — (NH 4 ) 2 A" : 
V. sol. water, converted into the acid salt by 
evaporation.— (NHJELA'': monoclinic prisms 
(Delffs, P. 80, 435 ; Pasteur, A. Ch. [3] 81,91).— 
K 2 A" 2 aq : large transparent trimetric tables and 
four-sided prisms or radiating groups of laminee. 
V. sol. water; from a concentrated solution 
acetic acid throws down the acid salt. — KHA" : 
tufts of needles, si. sol. cold, v. sol. hot, water 
(Carius, B. 4, 929; A. 142, 153).— K 2 H^A",; 
acioular prisms. S. 2*66 at 19*6°. — Na-^A^aq; 
crystalline powder ; ppd. by adding alcohol to 
its aqueous solution. — NajA" 3aq : needles and 
prisms. V. sol. cold water. — AgjA" : fine white 
powder, thrown down by adding AgNO, to a 
solution of (even 1 pt. in 200,000 of) fumario aoid. 
Deflagrates when heated. Insol. water, soL 
HNOgAq and NH^Aq.-Ag^A" aq (Carius); sol. 
hot water.- BaA''. Obtained by dissolving 

fumario aoid in a hot solution of barium acetate 
(fumario acid does not ppt. buryta water). Crys- 
talline grains.— BaA" l|aq. From K 2 A" and 
BaClg. Small efflorescent prisms. S. (of BaA") 
•966 at 17°.— BaA"8dq : small white prisma. 
Converted by boiling with water into insoluble 
grains of BaA" (Anschutz, B. 12, 2282). — 
SrA" 3aq : from fumaric aoid and SrOgAOj. Crys- 
^talline powder, si. sol. water. — OaA^^ 8aq. Occurs 
in fumitory. FromiK 2 A^^ end Ca02Ao2-^ Shimng 
scales, si. sol. water, permanent in the air. Gives 
oaTnj nm suooinate when exposed in contact with 
.fermenting cheesy to the air. — CaA'^ l^aq (dried 
overHjSO*).— MgA"4sq : white powder.— HgA'*5 
white crystalline pp. (RieoKher, A. 49, 81). — 
PbA"2aq. Formed by heating lead molate to 
200° (R.). Also from KjA" and aqueous PbOjAc, 
acidulated with HO Ac. Tufts of ririning needles. 
Nearly insoL cold, sol. hot, water ; insoL HOAc ; 
sol. HNO^q.— PbA" Saq (Pelouae).— A"(PbOH), 



m PUMARIO AOID. 


(at 100 ^). lyL by adding ammonio fumarate 
to boiling aqueous lead subaoetate (Otto, A. 127, 
178).~(PbA")jPbO xaq (B.).~PbA"(PbO), xaq 
ffi.).-~CuA" 3aq. Prom OuO,Ao,and fumaric acid. 
Bluish-green crystalline powder ; si. sol. water, 
V. sol. HNOjAq. — A"FeOH. Pale brownish-red 
pp. formed by adding FeCl, to ammonium fuma-* 
rate: insol. excess of ammonium fumarate 
(difference from succinate) ; msol. NH,Aq, sol. 
mineral acids. — NiA"4aq: pale-green powder, 
sol. water and ammonia solution. — CoA''3aq. 
Obtained by adding alcohol to a concentrated 
solution of fumaric acid in aqueous CoO^Ac.^. 
Bose-coloured powder, v. sol. water and NHjAq. 
— MnA" 3aq. From fumaric acid and MnOjAcj. 
White powder, si. sol. water.— ^nA" 3aq : large 
prisms (from hot solutions), v. sol. water.— 
ZnA"4aq: eflaorescent crystals (by spontaneous 
evaporation). 

Methyl ether Me^". [103«J. (192® i. V.). 

Formation.—!. By the action of SCI or 
H 2 SO 4 on fumaric acid in MeOH (Anschiitz, 
J5. 12, 2282 ; Ossipoff, /. R 11, 288).— 2. By the 
action of iodine on methyl maleate.— 3. From 
methyl bromo-succinate by treatment with KCy 
in ether, or by subliming the same ether with 
NaOAc and CaCO, (Volhard, A. 242, 160).~4. 
By the action of NaOMe on a solution of fumaric 
e^er in MeOH (Purdie, C. J. 51, 627).— 5. By 
boiling methyl diazo-succinate with water or 
MeOH (Curtius a. Koch, B. 18, 1296). 

Properties. — Triclinic prisms (Bodewig, Z. K. 
6 , 563). SI. sol. water, alcohol, ether, and CS^ 
in the cold. Combines with bromine forming 
methyl di-bromo-succinate [62®]. With an 
equivalent quantity of diazo-acetic methyl ether 
COjMe.CH.Nv 

it forms | ^CKCOjKo, an oil, 

COjMe.CH.N/ 

whence the corresponding acid [ 220 °] may be 
obtained (Buchner, B. 21 , 2637). 

Mono-ethyl ether EtHA". Formed by 
heating fumaric acid (2 pts.) witli alcohol (3 pts.) 
at 120® (Laubenheiiper, A. 164, 297). Plates, 
si. sol. water, v. e. sol. alcohol and ether.— 
AgEtA". S. -3 at 12 °. Crystalline pp. 

Di-ethyl ether EtjA". (215° uiicor.) (P.) ; 
(218® i. V.) (A.). S,G. 1-062 (A.) ; ii 1-106 
(H.). VJ). 85-6 (calc. 80). M.M. 101 19 (Perkin, 
C.J.Ptoe. 3, 98). 

Formation. — 1. By treating an alcoholic 
solution of fumaric or malic acid with HCl ; 
(Hagen, A. 38, 274^. Some chloro-succinic ether 
IS formed at the same time.— 2. By boiling 
fumaric acid (149 g!) with alcohol (450 g.) and 
H,S 04 (16 g.), ppg. by water, drying over CaCl^, 
and distilling. The yield is good (123 g.) 
(Purdie, C. J. 39, 846).— 3. From malic ether 
and PCI, (Henry, A. 156, 177}.— 4. From EtI 
and silver fumarate (Anschutz, B. 11, 1644 ; 12, v 
2282}.— 6 . By the action of finely divided silver 
on di'bromo-succinio ether (Uk)r(^etzky a. Hell, 
3. 21, 1802}. 

Hattons.— L Combines bromine form- 
faig di-bromo-sucoiniq ether [ 0 ^ (Ossipoff}. — 2.* 
Combines with NaOEt (in alcoholic solution) 
forming CO,Et.CHNa.CH(OEt}.CO^t. If the 
product is boil^*with aqueous NaOH, neutral- 
ised with acetic acid and treated with Pb(OAc)„ 
lead fumarate is ppd. OThe filtrate is acidulate 
with HNO„ neutralised with BH,, and treated 


with Pb(NO,) 2 , when a lead salt is ppd., whence 
H,S liberates a crystalline acid C,H„0, or 
CO2H.0H2.CH(0Et)CO2H, [86°] (v. Malio acid) 
(Purdie, C. J. 89, 347). Sodium fumarate differs 
from ethyl fumarate in not combining with 
NaOEt.— 8 . NaOMe (in methyl alcoholic solution) 
reacts in a similar way forming first methyl 
fumarate and then 003 Me.CH.,.CH( 0 Me).C 0 ,Me 
or its sodium derivative (Purdie, C. J. 47, 866 ).i 
4. By heating with alcoholic NH, in sealed 
tubes there is formed aspartic ether (162° at 
25 mm.) together with a compound 0,H,N,;0, 
[ 0 . 250®], possibly an imide of aspartic acid 
(Korner a. Menozzi, G. 17, 226). 

Iso-butyi ether (PrCH 3 ) 2 A". (170®) at 
160 mra. From silver fumarate and isobutyl 
iodide (Purdie, G. •J. 39, 853). Not obtained 
quite pure. Combines with sodic isobutylate in 
presence of isobutyl alcohol forming a product 
whence, on saponification, the isobutyl deriva- 
tive of malic acid (g. v.) is got. 

Phenyl ether (CeH 5 )jA''. [162®]. From 
fumaryl chloride and phenol. White needles, 
si. sol, alcohol. On heating it evolves CO.^, 
yielding phenyl cinnamate and finally stilbene 
CaH^.C 2 H.,.C„Hj (Anschutz a. Wirtz, B. 18, 1948 ; 
C. J. 47, 898). 

p-Tolyl ether (C,H,),A" : [162°] ; v. si. sol. 
alcohol. On heating it gives s-di-tolyl-ethylene 
C 7 H,.C 2 H.,..C,H, [179°], and a substance crystal- 
lising in scales [79®] (A. a. W.). 

Chloride CjH.,(COCl), or C 2 H 2 <;^^*> 0 . 

Maleyl chloride. (100®). From malic acid and 
PClj (Perkin a. Duppa, A. 112, 26). Formed 
also by the action of PCI, on fumaric acid or 
maleic anhydride (Kekul4, A. Siippl. 2 , 86 ; 
Perkin, B. 14, 2548). Bromine at 150® combines 
with it, forming di-bromo-succinyl chloride. 

Mono-amide COjH.CHiCH.CONHj. Fu- 
vinramic acid. Anhydro-aspartic acid. [217®]. 
Prepared by the action of methyl iodide and 
caustic potash on asparagine C,H,NjO, + 4MeI 
=:C,H,0,N-f NMeJ-^ 3HI (Griess, B. 12, 2117; 
Michael a. Wing, Am. 6 , 420). Leaflets, sol. 
j hot water and hot alcohol, almost insol. ether. 
Decomposed by alkalis or acids into NH, and 
I fumaric acid. Combines with bromine (1 mol.). 
Salts. — BaA'j 6 aq : plates, si. sol. water.— 

I AgA' : small needles or leaflets, sol. hot water. 
Methyl ether A'Me: [162®]; small colour- 
less tables ; sublimable ; si. sol. cold water, v. 
sol. alcohol. Formed by the action of cold, 
slightly acidulated, water on methyl diazo-suo- 
cinamate C 02 Me.CH 2 .CN 3 .C 02 Me (Curtius a. 
Ko 8 h, h. 19, 2461). 

Amide C,H,N 303 i.«. CONH 3 .CH:CH.CONH 3 . 
[232®]. From fumaric ether and cold aqueous 
ammonia (Hagen, A. 38, 275). Small white 
needles (Curtius a. Koch, B. 18, 1296). Insol. 
cold, sol. hot water, insol. alcohol. When heated 
for some time^th water it is converted into 
ammonium fumarate. HgO is converted by 
boiling with its aqueous solution into a white 
powder C^H^NgOjE^O (Dessaignes, A. 82, 283>. 

CH.COv 

Imide ? C,NH,0, U. Formed 

by heating acid ammonium malata at 160® to 
200® (Dessaignes, 0, B. 30, 324 ; Wolff, A, 76, 
293). White powder; sol. hot cone. HOlAq and 
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Mppd. by WAter. By heating for 6 hours with 
HClAq It is converted into aspartic acid. Acid 
ammonium maleate and fumarate yield on heat* 
ing to 180° substances resembling this so-called 
* fumarimide * (Pasteur, A, Ch. [3] 34, 30). 

Di’BthyUamide CjH2(CO.NHEt)j. [183°]. 
White scales; may be sublimed (Wallach a. 
Eamenski, B. 14, 170). 

t Mono-anilide COjH.CH:CH.CO.NHPh. 
Fuma/ranilic acid. [187°]. From the phenyl- 
imide of maleic acid by treatment with baryta- 
water at 86° (Anschiitza. Wirtz, Am. 9,^240; A. 
239, 137). Formed also when maleic anliydride, 
dissolved in ether, is mixed with aniline (An- 
schutz,!?. 20, 3214). Prisms, si. scd. water. Con- 
verted by alcoholic KOH into potassium fuma- 
rate. 

Di-anilidc C2H2(CO.NHPh)j. Formed by 
the action of aniline upon fumaryl chloride, both 
being in ethereal solution (Anschutz a. Wirtz, 
Am. 9, 236). Minute white needles, browning 
at 276°, V. si. sol. ether, si. sol. alcohol and glacial 
acetic acid. Heated at 100° with alcoholic KOH 
it gives aniline and fumaric acid. Takes-up Br 
(1 mol.), forming a white powder ; not melted at 
100°. 

Di-phenyl-amic acid 
CONPhj.CH:CH.C02H. Di^phenyUfumaramic 
acid. [120°]. Formed by heating fumaric or 
malic acid with di-phenyl-amine at 210°; ex- 
tracting the product with ether, shaking the 
ethereal solution with dilute NHj, and ppg. by 
HOl (Piutti, Q. 16, 22, 133). Small needles 
sol. alcohol and cono. H^SO^, the solution giving 
with nitric acid the blue reaction of diphenyl- 
amine. Decomposed by KOH into fumaric acid 
^nd diphenylamine. Unites with Br forming a 
crystalline product. Its alkaline sohition gives 
a light green pp. with cupric salts. 

CH.CO 

Di-phenyl-imide*} y /O. [275°]. 

OH.C(NPh2)/ 

Formed by heating fumaric or maleic acid with 
di-phenyl-amine at 226° as long as water is given 
off (Piutti). Glistening needles, sol. HO Ac. 
With cone. HNOj it yields a niti 
giving a violet colouration with alcoholic KOH. 

Phenyl-methyl-amic acid 
CONMePh.CaCH.COjH. [128°]. Formed by 
heating lhalio acid (1 mol.) with methyl-aniline 
(not more than 2 mols.) at 150° (Piutti, 0. 16, 
24). It is also one of the products of the action 
of NH, on phthalyl-aspartic acid. Long tabular 
prisms (containing aq) ; melting at 100° w^n 
hydrated, and at 128° when anhydrous. In*l. 
water, sol. alcohol and ether. Its alkaline salts 
are very soluble; its silver salt forms small glis- 
toning prisms. Its di-broino- derivative 
[178°] forms glistening prisma, partly decom- 
posed on recryatallisation. 

Phenyl'fn^thyl-iviidel vi,H,gN203 M* 

CH.CO V [187°]. Formed by heating 

S™d^ilth methyl.^^^^^^^ at 200°. It is 
also one of the products of the action of 
methyl-amine on phthalyl-aspartic acid at 240 . 
OUitoning prism., sol. hot 
tom. When hMted with oono. HClAq »t 
it yieldi fumaric acid and methyl-anilme. Br 


in chloroform forms a di-bromo- derivativa 
[0. 207°]. 

Constitution.— In&Bmxxoh as both fumario 
and malei'o acids are dibasic acids formed from 
malic acid by elimination of water, and capable 
of reduction to succinic acid, they ought both to 
he represented by the formula C24(C0jH)2. One 
or both of them woujd thenbeCOjH.CHiCH.COjH. 
The usual inte^retation given to structural for- 
mulffi will not in this case account for the iso- 
merism, and it will be necessary, if we assign the 
formula C02H.CH:CH.C02H to both maleic and 
fumaric acid, to consider that the difference in 
structural formula is one that cannot be repre- 
sented on a plane surface but only in space. 
Various attemj^s have been made to express a 
difference in structure upon paper. Thus while 
the formula COjH.CH'.CH.COjH has commonly 
been assigned to fumaric acid, maleic acid has 
been represented by C02H.CH.,.C.CO.;H (Fittig, 

A. 188{ 42; cf. Hiibner, B. 14, 210), by 

CH.C(OH).,v CH.C(OH)~ \ 

II \0, and by H >0 A) 

CH.CO — ^ CH.C(OH) ^ 

(Anschutz, A. 239, 161; Am. 9, 263 ; W. Boser, 

A. 240, 133), Erlenmeyer, on the contrary, sug- 
gests that maleic acid is COjH.CH:CH.COjH, 
while fumaric acid may have the double formula 

CO2H.CH:CH.C(OHXq>C(OH).0H:CH.CO,H 
iB. 19, 1936), although Raoult’a method of 
determining molecular weights indicates that 
this is not the case (Paternb, B. 21, 2168). 
Maleio acid is much more prone to react 
with other bodies than fumario acid, and 
this would be represented by the formula 
CO,iH.CH,.C.C02H, containing a divalent carbon 
atom, and perhaps also by the anhydride formula 
CH.C{OH)2 v 

II \0 of Anschutz. Thus maleic acid 

CH.CO — / 

combines at once with HBr and with bromine, 
whereas fumaric acid requires to be heated (in 
the case of Br the products are different). Again 
acid aniline maleate readily splits off water when 
ledles, sol. HOAc. j aqueous solution is left to stand for a few 
a nitro- compound j ^^hen it is boiled, a crystalline pp. of the 

acid anilide CO.;H.CjH2.CONHPh being formed ; 
under these conditions the acid aniline fumarate 
is quite stable (Michael, B. 19, 1372). The che- 
mical differences here noted between fumario 
and maleic acids hold good also between oitra- 
conic and mcsaconic acids, and between (a)-cou- 
maric and (i9)-coumaric acids. There is also but 
one anhydride to each of these pairs of^ acids. 
The fact that fumaric* acid, on oxidation by 
KMnOg, gives racemic acid, while maleio acid 
gives inactive tartaric acid, has been explained 
by Le Bel by the aid of formules represented in 
three dimensions {v. also Lossen, B. 20, 8810 ; 
Anschutz, B. 21, 613). According to Knops (A. 
248, 176) the molecular refraction of fumanc and 
maleio acids and their ethers indicates that both 
these acids oontaig the group 0:0. 'Kie term 
♦aUo-isomerism’ has been applied tosuchcMes of* 
isomerism as that here described : fumario acid 
may be called allo-malelc acid. , 

Be/srencss.— M aleio aoid, BBOMO-fuiuaio 

Aom.andOHLORO-FUiiAMOAom. . 

FtJMABINE. An alkaloid contained in fu- 
mitory {Futnaria ojgUcinalis) (Pesohier ; Hannon, 
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J. Chim. Mid. [S] 8, 70i ; Freoss, Z. [3] 3, 414 ; 
BL [2J 7, 458), The plant gather^ in full flower 
may contain 5 p.o* of f amarine. The plant is 
extracted by dilute acetic acid at 100°, the ex- 
tract evaporated, the B;pupy residue dissolved in 
alcohol, and decolourised by animal charcoal. 
Fumade acetate orystaUiBes from the alcoholic < 
solution in slender needles. Aqueous KOH and 
Na|GO| separate fumarine from its salts as a 
curdy pp. It crystallises in six-sided irregular 
monodmio prisms, si. soL water, insol. ether, 
sol. alcohol, chloroform, benzene, and GS2. Its 
solution has a bitter taste and alkaline reaction. 
Cone. HNO, does not colour it. Cone. H2SO4 
forms a dark- violet liquid. Its hy d r 0 c h lori d e 
and sulphate crystallise in prisms, sL sol. 
water; its platinoohloride and auroohlor- 
ide crystallise in octahedra. 

FUMABTL OHLOBIDE v. Chloride of Fdma- 

MO ACIP. 

FUBFUBACBOLElir v. Fuepurtl-^cbiuo 

ALDBETDl. 

FUBFTISAOBYLIC ACID v» FnarnBYL-Aonx- 

UOACID. 

FUBFUBAL v. FUBrURALDEHTDE. 
YTTREJJ'&AL-compounds v. FuRruBYL-ME- 
THTLBNE compounds. 

FUBFDEAL-ACBTOACETIC ETHEB. De- 
Bcribed under Aokto-agetio acid. 

FUBFUBAL-ACETONE v. Fubfubyl-vinyl 

METHYL KETONE. 

FUBFUBAL-BENZTIIDENE^CETONE v. 

FuEEURYL-VINYL STYBYL KETONE. 

FUBFUBAL-CABBAMIC ETHEB v, Fobtu- 

BUtKETHYLENE-DICABBAHIO ETHEB. 

FDBFUBALCOHOL v, Fubfubyl-cabbinol. 
FDBFUBALDEHTDEC,H402i.e. C,H,O.CHO. 
Pyromucic aldehyde. Furfurol. Furfural. Fur- 
furane-carboxylic aldehyde (Furfur -bran). 
Mol. w. 96. (162°)(Bruhl,A.235,7). V.D. 3*34 
(calc. 8-82). S.G. 1-1694 (B.). S. 9 at 13° 
(Stenhouse) ; 8*8 at 16-6° (Fownes). md 1'6261 
(B.). S.V. 96-63 (B. Schiff, A. 220, 103) ; 103 
(Ramsay). H J'.p. 5985 (Ramsay, C. J. 35, 703). 
Dispersion value : Bruhl, A. 236, 269. 

Occurrence.— B.9A been observed in brandy 
(Morin, C. R. 105, 1019), and is a constant im- 
parity in isoamyl alcohol prepared from fusel 
oil (Udrinsky, E. 13, 248). 

Formation. — 1. A general product of the do- 
ftructive distillation of the carbohydrates or of 
substances containing them, such as wood. 
Formed also in 'the torrefaction of coffee and 
cocoa and occurs in tobacco smoke (Vdlckel, A. 
85, 66; nm, Af».3, 36; H. Schiff, Q. 17, 356; 
Gaus, Stone, a. TollenB,*R. 21, 2148; Y. Meyer, 
B. 11, 1870 ; Fdrster, B. 15, 322 ; Jorisson, B. 16, 
574). — 2. By distilling the following substances 
with dilate Bulphurio acid : bran, starch, oatmeaL 
sugar, madder, sawdust, linseed cake, cocoa-nut 
sheUs, mahogany, and even^ according to Udrki- 
sky (E, 12, 377), of proteids (Doebereiner [1831] 
8cim, J, 68, 368 ; A. 8, 141 ; Stenhouse, P. M. 
[8] 18, 122 ; 87, 226 ; A. 86,s301 ; 74, 278 ; 166, 

• 197 ; Fownes, Tr, 1846, 268 ; A. 64, 62 ; Ph. i, 
118 ; Oahours, 1 . Ch. [8] 24, 277 ; Emmet, 
Am. 8. 82, 140^ Qiidkofl,.2r. 1870, 862 ; Guyard, 
Bl [2] 41, 289).^. By distilling sugar with 
MnOt and dilate sulphuric aoid.-'4. By heating 
bran with a very strong solution of ZnOls (Yon 
Babo» A. 86, 100).^. By heating wood shavings 


with water for four hours at 200 ^ (Greville 
WiUiams, 0. N. 26, 281, 293; H. MiiUer, 0. N., 
26, 247).— 6. Formed in small quantity by boil- 
ing sugar with water; this accounts for its 
occurrence in brandy (FSrster, B. 16, 280, 322). 

7. One of the products obtained by heating 
(a)-aorosone to 140° (E. Fischer a. Tafel, B. 22 , 
99). Obtained also by heating a dilate aqueous 
solution of gluoosone in a sealed tube at 140° (E. « 
Fischer, B. 22, 98). — 8. By heating a 5 p.c. 
aqueous solution of mannite in a closed tube for 
4 hours at 140° (E. Fischer a. Hirschberger, B. 
22, 369). 

Preparation. — 1 . By distilling sugar (1 pt.) 
with MnO, (S^pts.), ^SO^ (3 pts.), and water 
(6 pt 8 .j ; the distillate is neutralised by Na.^COs, 
redistilled, and saturated with OaCl, (Doebe- 
reiner).— 2. H^SO. (100 pts.), water (300 pts.), 
and bran (100 pts.) are distilled togetner. The 
product is neutralised by Na^GOg, redistilled, 
saturated with NaGl and re-distilled (Schwanert, 
A. 116, 257). The yield is small (less than 8 pts.). 
The crude furfuraldehyde is treated with dilute 
H^SOg.and a little K^Gr^O, to remove ‘meta- 
furfural,* dried over GaGlg, and rectified.— 3. An 
abundant source of furfuraldehyde is in the pre- 
paration of ‘ garanoin * by boiling madder with 
dilute sulphuric acid. 

Imparity.— Cmdo furfuraldehyde is liable to 
contain a readily oxidisable oil of higher boiling- 
point, which is for the most part resinified 
during the distillations. When this ‘ metafur- 
furol’ is present the furfuraldehyde gives a 
purple colour when mixed with a few drops of 
oono. HgSOg, of HClAq, or of HNO,; in this 
case also the aldehyde, after boiling with 
aqueous EOH, turns red on acidification. 

Properties. — Golourless oil which, except 
when quite pure, slowly turns brown when ex- 
posed to light. Its odour resembles that of a 
mixture of the oils of cinnamon and of bitter 
almonds. It burns with a smoky flame. Fur- 
furaldehyde when present in a liquid imparts a 
rose-red colour to paper saturated with aniline 
acetate (Guyard, Bl. [2] 41, 289) ; but its pre- 
sence is best detected by a mixture of equal 
volumes of xylidine and glacial acetic acid to 
which a little alcohol is added when the intense 
red colour of G 4 HjO.GH(Gj,H 3 Ie,,NH 2)2 is pro- 
duced : this reaction is exhibited by the product 
of the distillation of -00005 g. sugar (EL. Schiff, 
0. 17, 365 ; B. 20, 540). Furfuraldenyde may 
be substituted for sugar in Pettenkofer’s reaction; 
thus a drop of a solution of furfuraldehyde (1 pt.) 
in water ( 20,000 pts.) pves a crimson colour on 
the addition of cholic acid and HgSO,. The 
following substances also give the red colour 
with H 2 SO 4 and furfurald^yde : isobutyl alco- 
hol, allyl alcohol, tert-butyl alcohol, tsrf-amyl 
alcohol, isoamyl ^cohol, oleic acid, petroleum, 
acetal, aldehvde, aceto-acetio ether, acetone, 
glycol, malic acid, alizarin, aniline, anthracene, 
anthraquinone, atropine, benzoic aldehyde, 
bomeol, pyrocateohiu, brucine, quinio acid, 
oholesterin, cinchonine, codeine, coniferin, 
coniine, ooumarin, cymene, digitalin, di-methyl- 
aniline, di-phenyl-amine, giJlio acid, cresol, 
mesitylene, methyl alcohol, methyl-aniline, 
morphine, naphthene, (a)-naphthol, oroin, 
paraffin, phenanthrene, phenol, phenyl-hydra- 
zine, phlorogluoin, propionio aldehyde, proto* 
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teteohuio acid, pyrogallol, resorcin, salicylic 
acid, soatole, stearic acid, strychnine, toluene, 
thymol, tyrosine, veratrine, and xylene, and (to 
a alight extent) isopropyl alcohol. The follow- 
ing do not give the red colour: alcohol, propyl 
alcohol, acetic acid, isobutyrio acid, acrolein, 
benzene, acetamide, acetophenone, alloxan, 
aspartic acid, benzonitrile, benzoic acid, succinic 
^id, pyruvic acid, butyric acid, caffeine, quinine, 
quinoline, quinone, quinoxaline, chloral hydrate, 
chloroform, citric acid, crotonio acid, oyanamide, 
dextrin, dulcite, fumaric acid, lactic acid, gly- 
cerin, glycocoll, glycollic acid, uric acid, urea, 
hippuric acid, isatin, malic acid, maltose, man- 
delio acid, mannite, methylamint^, oxalic acid, 
phenylene-m*diamine, phenyl-acetic acid, picric 
acid, piperidine, pyridine, h^droquinone, mucic 
acid, starch, glucose, tannin, tartaric acid, and 
cinnamic acid (Mylius, JET. 11, 492 ; Udrinsky, 
H. 12, 366). 

Reactions. — 1. When its aqueous solution 
is boiled with AgP silver is deposited, and silver 
pyromucate crystallises out of the cooled fil- 
trate.— 2. Hot nitric acid forms oxalic acM.— 3. 
Cold cone. H,^SO^ dissolves it unaltered and 
without becoming coloured ; carbonisation sets 
in on heating.— 4. Aqueous KOH, even in the 
cold, forms resinous products. Alcoholic KOH 
forms pyromucic acid and furfuryl-carbinol 
(Ulrich, C. N. 3, 116 ; Limpricht, Z. [2] 6, 599). 
6. Converted into furoin CioH^O, by heating 
with aqueous KCy. — G. When mixed with ben- 
soic aldehyde (1 equivalent) and treated with 
KCy it gives benzfurom C,H,oO,. [139°] 
(Fischer, A. 211, 228).— 7. With nitro-ethane 
and aqueous KOH it gives furfuryl-nitro-ethyl- 
eno C^H30.CH:OH.N02 [75°] which crystallises 
in long yellow prisms (Priebs, B. 18, 13G2).— 8. 
ZnEt^ followed by water forms furfuryl- propyl 
alcohol C,H30.CH(0H).C2H, (180°) (PawUnoff 
a. Wagner, B. 17, 1968).— 9. Condenses with 
acetone in presence of alkalis forming furfuryl- 
vinyl methyl ketone C4H30.CH:CH.C0.CH., and 
di-furfuryl-di-vinyl ketone (C4H30.CH:CH).2C0 
(Claisen a. Ponder, A. 223, 145). — 10. By add- 
ing aqueous NaOH to mixed aqueous solutions of 
furfuraldehyde and chloro-acetic-aldehyde there 
is formed C^HjO.CH-.CCl.CHO which crystal- 
lises in broad yellow needles [79°j sol. hot water, 
ether, and alcohol. This aldehyde forms a 
phenyl-hydrazide [157°] and an oxim [165°] ; 
moist AgjO oxidises it to a-chloro-furfuryl- 
acrylio acid C^HjO.CHiCCl.COjH which crystal- 
lises in tufts of white needles [142°]. The a- 
chloro-furfuryl-acrolein is converted by boiling 
with sodium acetate and silver oxide into 
C^HjO.CHiCCl.CHtOH.CO.H which forms yel- 
low interlacing needles fl68°] (Mehne, B. 21, 
423).— 11. When furfuraldehyde is adminis- 
tered to dogs or rabbits in doses of 6g. daily 
little toxic effect is produced ; th^urine is found 
to contain pyromucic acid, pyromuouric acid 
(glycocoll pyromucate) C2H7NO4 [166°], and 
glycocoll furfuryl-acrylate C^H^NO^ [216 ]. 
Boiling baryta-water splits up the two last- 
named compounds into glycocoll and pyromucic 
or furfuryl-acrylio acids respectively. Fowls are 
soon killed by taking 1 g. of furfuraldehyde per 
day; their excreta then contain pyromucorm- 
thurio add 0„H„N,0, [186«] (Jafld a. Cohn, B. 
10, 2811 ; 21, 8461).— 12. A mixture of $yruvut 


acid and aniline dissolved in cold ether or alco- 
hol forma the compound [185°] 

which crystallises in needles, insol. water, ether, 
acids, and alkalis, si. sol. cold, m. sol. hot, 
alcohol; v. sol. HOAo. This compound gives 
off aniline when warmed with acids or a&alia 
(Doebner, A. 242, 284). — 13. A mixture of pyru- 
vio acid and aniline in warm alcoholic solu- 
tion forms furfuryl-quinoline carboxylic acid 
04H,0 .C,NHj.C 0 jH [210°-216°] (Doebner).— 
14. Furfuraldehyde may be substituted for ben-, 
zoic aldehyde in Perkin’s reaction. Thus with 
NaOAc and Ac.p it pves furfuryl-acrylio acid. — 
16. Thioglycollic acid reacts with formation of 
C4H«O.CH(S.CH2 .CO.,H)j [105°] (Bongartz, B. 
21, 478). — 16. Aqueous ammonia in the cold 
converts furfuraldehyde in a few hours into 
‘ furfuramide * (C^HjO.CHljNj [117°] a crystal- 
line body analogous to hydrobenzamide. Boiling 
aqueous KOH converts furfuramide into a base, 
furfurine C,5H,..N20j. — 17. Combines with se- 
condary and primary amines or with 1 mol. of 
each to form coloured compounds. Thus with 
mono-methyl-aniline it gives the compound 
CiH,0.22C,,H5.NHMe, whose hydrochloride 
(B'HCl) forms splendid violet crystals [94°] 
which dissolves to deep-red solutions. With 
aniline and mono-methyl-aniline it gives 

C5H4O3 N^e* anlhiie and tolylene 

diamine it gives (G5H40,2).2 1 ^ • With 
aniline and benzidine it gives 

• The hydroohloridea 

of these bases crystallise in bronzy metallic 
crystals which dissolve in alcohol with violet 
colour. With aniline and amido-benzoio acid or 
w'ith aniline and naphthylamine-sulphonio acid 
furfurol yields the compounds: 

the ammo. 

niura salt of di-nitro-amido-phenol (picramio 

acid) it gives {C,HA}{C,h/N 02)2(N^{0H)| 
whose ammonium salt crystallises in glistening 
golden needles. Weak acids decompose it into its 
constituents (Sohiff, B. 19, 847 ; c/. Stenhouse, 
A. 166, 199). Furfuraldehyde combines directly 
with one equivalent of wi-amido-benzoic acid, of 
amido-salicylic acid, and of aAido-ouminic acid 
forming dichroio needles with neutral proper- 
ties (SchiiT, A. 201, 365 ; 0. 10, 67). The com- 
pound of furfuraldehyde with w-amido-benzoio 
acid may be represented on the rosaniline type 
thus; C4H30.CPI(0H).C,H,{C0.,H)NH2(Schiff, Q. 
J.7, 329).— 18. An alcoholic solution of aniline (46 
pts.) and aniline hydrochloride (66 pts.) reacta 
upon furfurol (48 pta) forming the hydrochloride 
of ‘ furfuraniline ’ C4H4O2(NH2Ph)2H0l 
$upra)y which crystallises from alcohol in purple 
*ieedle8, insol. water. The free ‘furfuraniline’^ 
is an unstable brown amorohous mass.— 19/ 
m-Nitro-aniline forms 0eH4\N08)NH2(0.H40^ 
[100°-120°] which crystallises itom alcohol in 
lemon -yellow crusts. Its hydrochloride 
C,iH 4^,04HC1 forms copper-coloured plates and 
gives a crimson solution in alcohol.'— 20. 
^henylamine (2 moU) at 160° forms a com* 
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pound whoso hjdroohloride is oopper-oolonred 
and forms a crimson solution in alcohol. I)i- 
phenjlamine hydrochloride gives the same body. 
21. P‘Amido-phenol in dilate aqueous solution 
reacts with elimination of water, depositing 
after some time small yellow prisms of ‘ oxyfur- 
furaniline ’ C<H,O.CH;N.C,H,OH [182*'] which i4 
sol. alcohol, and forms a hydrochloride that 
crystallises from alcohol containing NH^Cl in a 
form resemblingrosaniline hydrochloride (Schiff, 
a 10, 60; A. 201, S5Q). — 22. Phmylene- 
0 ' diamine hydrochloride solution forms 
(C,H,O.CH) 2 N,CgH^ [96°] (Ladenburg a. Engel- 
brecht, B. 11, 1663). — 23. Tolylene-m-diaminc 
forms (C 5 H^ 02 ) 2 CgH 3 Me(NH 2 )j a crystalline sub- 
stance, decomposed at 125“ Without melting. 
Its hydrochloride forms an intense crim.son 
solution in alcohol, but is much less stable 
than the corresponding compound with tolylene- 
o-diamine (Schiff; c/. Ladenburg, B. 11^695). — 
24. Benzidine in alcoholic solution forms yel- 
low needles of (C,H,O.CH:NH) 2 C,.^,; which 
gives a hydrochloride crystallising in copper- 
coloured scales, and a platinochloride separa- 
ting as a yellow crystalline powder.— 26. When 
triturated with m-amido-benzoic acid it com- 
bines to form (C 3 H 40 JCgH^(NHj).C 02 H which 
crystallises in small dichroic scales resembling 
a salt of rosaniline. Its hydrochloride forms 
red velvety crystals and gives crimson solutions 
in alcohol and HOAo. It dissolves in NajCO^Aq 
without evolution of COj.— 26. A mixture of 
aniline hydrochloride and methyl-aniline give a 
ruby-red colouration turning green and finally 
violet ; the body formed in this reaction 
C 4 HA(NH,Ph)(NHMePh)HCl is a crystaUine 
mass, V. sol. alcohol, insol. water. — 27. {&)-Naph- 
thylamine forms, with elimination of water, 
C^H,O.CH:N.C,oH, [85°]. It crystallises from 
alcohol in colourless scales. Its hydrochloride 
B'HCl forms yellow needles dissolving in alco- 
hol with a deep red colour (Schiff, 0. 17, 340). — 
28. Di-methyl-aniline and ZnClj heated with fur- 
furaldehyde form [83°] which crys- 

tallises from ligroin in needles. It forms a crys- 
talline platinochloride B^H^PtCla and picrate 
B"(C,H 2 (NOj)sOH )3 (Fischer, A. 206, 141).— 29. 
{Py.S)-Methyl-qui7wline heated with an equi- 
valent of furfuraldehyde at 100° together with 
a small quantity of ZnClj forms a base C,sH„NO 
which crystallises from ligroin in needles or 
tables that turn black in daylight. Its salts 
B'HCl, B'HNO,, B'HjSO* aq, B'jH 2 PtCl« 2 aq, and 
B'C,H.^(NOJ,OH are crystalline (Srpek, B. 20 , 
2044). — 30. Carbamic ether in presence of HCl 
forms C<H,O.CH(NH.C 6 jEt), [169°] which may 
be sublimed as long thin needles, insol. water, 

V. e. boL alcohol and ether (Bisohoff, B. 7, 1081). 
31. A solution of urea nitrate is coloured 
violet by furfuraldehyde and the solution gradu- 
ally deposits a black substance (Schiff, B. 10, 
778).— 32. Ammonium sulphide forms thiofur- 
furaldebyde C^HjO.CHS (Cahours, A. Ch. [3] 
24, 281), which is a yellow Qiystalline powdei^ 
When neated thiofurfuraldehyde gives off an un- 
pleasant odour and yields a sublimate of a poly- 
merideof furfuraldehyde [98°] (Sohwanert, A. 
134, 61). — 88. With benzil and alcoholic NH, it 
forms two compounds of the formula 
[240^ and [above 800°] (Japp a. Hooker, 0, J. 
46, ^).~34. With phananthraquinone and 


NH, it gives 0„H,<®^C.O,H,0 [2S1<>] (Jspp 
a. Wiloock, C. J. 39, 217). 

Combination, C,H,O.OH(OH).SO,Na, 
Formed by adding alcohol to a solution of fur- 
furaldehyde in cone. NaHSO,Aq. Wliite laminte, 
with fatty lustre. 

Oxim G,H,O.OH:NOH. [89°]. (201°-208°).^ 
Formed by the action of hydroxylaraine (base) 
on furfuraldehyde (Odernheimer, B. 16, 2988). 
Long thin white needles. By heating with HCl 
it is rekolved into its constituents. Balts. — 
C 5 H, 0 .N 0 H,HC 1 : white crystalline powder, sol. 
water and alcohol. — C 4 Hp.N(ONa) 3aq : white 
scales. It gives characteristic pps. with the 
salts of the heavy pietals. 

Ethyl ether CjiH,O.N(OEt) : colourless 
liquid, volatile with steam, lighter than water, in 
which it is slightly soluble. 

Phenyl hydrazide C.H^O.CHiN.NHC^H^. 
[98°]. Formed by adding a solution of phenyl- 
hydrazine hydrochloride (q.v.) and sodium acetate 
to an aqueous solution of furfuraldehyde ; 1 pt. 
of furfuraldehyde in 10,000 pts. of water gives a 
distinct crystalline pp. (Fischer, B. 17, 674). 
Fine colourless plates. Insol. water, sol. ether, 
from which solution it is ppd. in crystals by 
adding ligroin. 

Di-phenyl-hydrazide C 4 H 30 .CH(NPh) 2 . 
[69°] (Cornelius a. Homolka, B. 19, 2240). 

FUEFURAMIBE i.e. 

[117°]. Formed as a crystalline mass by allow- 
ing furfuraldehyde to stand for some hours with 
(5 times its volume of) cone. NH,Aq (Fownes, 
Tr. 1845, 263 ; A. 54, 65 ; K. Schiff,/!. 10,1188). 
Tufts of needles (from alcohol). Insol. cold 
water, v. sol. alcohol and ether. When heated 
with water it is slowly resolved into ammonia 
and furfuraldehyde; this change is instantly 
produced by acids. H^.S yields thiofurfuralde- 
hyde (v. supra). Boiling dilute KOH converts 
furfuramide into the isomeric furfurine. When 
heated with an alcoholic solution of phenyl 
thiocarbimide it forms a crystalline compound 
CojHjbNjSO,, insol. water, si. sol. cold alcohol. 

FBEFUEANE C 4 H 4 O. Furane, Tetra- 
phenol, Tetrol. Tetrane. (31°). V.D. 2-4. 
S.G. 2 ’964; ^ *944. Formed by distilling 
barium pyromucate with soda-lime^. (Bohde, 
B. 3, 90 ; Limpricht, A. 166, 281). Formed also 
by the action of PCI 4 on its dihydride. The 
product is washed with KOHAq, dried by Kj,CO.„ 
and rectified (Henninger, A. Ch. [ 6 ] 7, 222). It 
is, a liquid. Unacted upon by KHO, aniline, or 
hydroxyl amine. Colours pine-wood moistened 
with HCl emerald green (Canzoneri a. Oliveri, 

O. 16, 490). HCl (Jonverts it into a yellow- 
black compound. PClj forms with it a black 
compound. With Br, C^H.OBr, and C^HjOBr^ 
[5°] ( 66 °) at 8(1 mm. are formed. 

Furfurane dihydride C^H^O. (67°). S.G. 

S -967 ; -96. V.D. 2-36. 

Preparation,— A. product of the action of 
formic acid on erythrite. Separated from the 
crotonio aldehyde, which is also formed, by frac- 
tional distillation (Henninger, A. Ch. [U] 7, 218). 

Properties,— yery stable liquid; does not 
blacken nor polymerise. Forms a dibromide 
[ 12 °]. (96° at 80 mm.). Yields fur- 
furane (81°) when heated with PGI«. Gono. 
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and yellow phosphorus give sac-butyl iodide 

( 120 ®). 

Dbrivatitbs of ftjbfubanb. — Furfurane 
{C^il^)0 is the oxygen analogue ol thiophene 
(04HjS and pyrrole (C^H^jNH, and all three 
compounds are doubtless constituted in an ana- 
logous manner. Since in their reactions they 
resemble benzene and its derivatives rather than 
the fatty group, it is generally held that their 
molecules should be represented by ring formulae. 
When pyromucio acid is distilled with lime and 
ammonia-zino chloride, it yields pyrrole^as well 
as furfurane. In this reaction we may suppose 
the 0 of the furfurane directly displaced by NH 
(Canzoneri a. Oliveri, 0. 16, 486). ,Whena mix- 
ture of pyromuoic acid, aniline, and ZnCl^ is 
heated (a)-naphthylamine is produced. In this 
reaction the (nascent) furfurane acts (like an 
alcohol, phenol, or glycide) as if it were the an- 
hydride of the alcohol CH{OH):CH.CH:CH(OH), 
the reaction being : 

CH-.CHv CH.CH-=-CH 

I >+ll I 

CEiClV CH.C(NH2):CH 

CHiCH.C.CH— CH 

«| II I +11,0 

CH;CH.C.C(NH,):CH 

(C. a. 0.). As another instance of the analogy 
of furfurane with thiophene and pyrrole, wo 
may take the condensation of acetophenonc- 
acetonePh.CO.CH,.CHo.CO.Me or the alternative 
Ph.C(OH):CH.CH.C{OH).Me, which by treatment 
with PjOj loses H,0, giving phenyl -methyl- 
CH-HO 

furfurane | | . In an analogous man- 

MeC-O-CPh 

ner, when •heated with P^S^, it gives phenyl- 
CH-HO 

methyl-thiophene | ( ; and with alco- 

McC-S-CPh 

holic NH, it gives phenyl-mcthyl-pyrrole 
CH HC 

i I (Paal, B. 18, 367). Just as 

MeC-NH-CPh 

I’h.C0.CH,.CH2.C0.Me yields a furfurane deriva- 
tive by condensation, so acetonyl-acetone 
I\IeCO.ClL.CHi..CO.Me, di-acetyl-sucoinio ether 
Me.CO.CH(CO,Et).CH(CO,Et).CO.Me, acetonyl- 
aceto-acetio ether Me.CO.CH,,CH(CO,Et).CO.Me, 
and di-t(^l-ethylene C7Hj.CO.CHj.CH2.CO.C7H, 
yield corresponding derivatives of furfurane. 
Piketones of the form RCO.CIl'(OH).CH,.CO.B" 
and R.CO.CR':CH.CO.R" yield on reduction fur- 
CR'.CH 

furane derivatives / \ (Jappa.KIinge- 

rO-^O-CR" ^ 

mann, B. 21, 2932). 

Furfurane being analogous to benzene, the 
radicle O^HgO will resemble phenyl in its general 
character. Baeyer proposed to call this radicle 
‘ furfur ’ ; but it is called f urfuiTj in this Dio- 
tionary. 

Eeferences.- Bbnzo-di- METHyL-ni-FUBFUiUNB 
nx-CABBOXYLio ACID, vol. i. p. 478; Bromo-fub- 
FUBANB, vol. i. p. 672 ; Di-methyl-furfubanb, 
MbTHYL-FUBFUBANB carboxylic acids, Di-PHENTIi- 
FOBFUBAHB and ill CARBOXYLIC ACID, PhENYXi- 

KBTBmj-ruRFURABK and its carboxylic acid, 
Phbjul-di-mbxhtl-fdbftjranb di-carboxylio 
BTHBB, vol. i. p. 496 i Di-xolyl-itofubank, and 
Ptbouuoic aoxd. 


fubftibane-carboxyiic’acid t>. Pybo. 

UUCIC ACID. 

Furfurane di-carboxylio acid v. Dchydto* 

MUCIC ACID. 

FUBFITBANGELIG acid V . Furfdryl-asob- 

LIO ACID. 

, FUB FTJBBUTYLENE v. Furfuryl-bdxylbnk. 

FUBFUB-CBOipNIC ACID v. Fubfdryl-obo- 

XONIO ACID. 

FUEFUB-CYANIDE v. Nitrile of Pyro- 

UUCIC ACID. 

FUBFUBINE C,,H,20,Nj. [116®]* S.-76at 
100® ; *021 at 8®. 

Preparation,— VnxlmeXdehydie, obtained by 
distilling bran with dilute HjSOg, is converted by 
strong NH, intg furfuramide. Furfuraraide is 
boiled with very dilute KOH for 10 minutes, on 
cooling furfurine separates as slender nee^es. 
These are boiled with excess of oxalic acid, the 
solution is decolourised by animal charcoal and 
allowed "to crystallise. The acid oxalate then 
separates. It is decomposed by NH, (Bahrmann, 
[2] 27,311; c/. Fownes, Tr, 1846, 263; 
Stenhouse, A. 74, 289 ; Svanberg a. Bergstrand, 
J.jpr. 66, 239; Bertagnini, A, 88, 128). 

Properties. — Soft white silky needles. Per- 
manent in the air when dry, but turns brown 
when exposed to moist air. SI. sol. water, v. e. 
sol. alcohol and ether. Its solutions exhibit 
alkaline reaction. 

Reactions.— 1. Acetyl chloride added to an 
ethereal solution of furfurine appears to form a 
molecular compound, which, however, is decom- 
posed by alcohol into furfurine hydrochloride and 
acetyl furfurine, thus : 2C,jH,jO,Nj + AoCl 
= C„H,.20,N2,HC1 + C„n„AcO,Nj. — 2. Benzoyl 
chloride appears also to form an unstable mole- 
cular compound, it is decomposed by warm alco- 
hol, and the product maybe C,,,H„(OEt)BzO,N,. 

3. Chloroforviic eth>::r, ClCOjEt, added to an 
ethereal solution of furfurine, forms furfurine 
carboxyUc ether : C,,H„(C0jEt)03Nj [124®] 
(Bahrmann, J. pr. [2] 27, 311).— 4. Furfurine 
separates iodine from aqueous periodic aoid 
(Bodokor, A. 71, 64).- 6. A very dilute solution 
of KNO.,, added to one of furfurine sulphate, 
gives app. of the nitroBaniineCj.H,,(NO)N,0, 
wliicli separates from ether in golden triolinio 
crystals [112®] insol. water, m. sol. alcohol and 
other (R. SchilT, B. 11, 1250). But if the solution 
of furfurine sulphate be not very dilute, a com- 
pound [96®] separates after some 

time. This is yellow andcrystDlJine,and is also 
formed by saturating an alcoholic solution of 
furfurine sulphate with nitrous gas. It is insoL 
water and ether, v. soh alcohol, and forms a 
platinochloride (C,oHj7N40,5)2H2PtCi,. 

Salts.— Furfurine expels NH, from boiling 
aqueous NH^Cl, but is itself ppd. by NH, from 
fts salts in the cold. The salts of furfurine have 
an extremely bitteiLtaste. They are ppd. by 
HgCl, and by HjPtOl,.— B'HClaq : tufts of silky 
needles, v. sol. water, m. sol. HOlAq. Neutriu 
in reaction. Does mot eflSoresce over H3SO4. — 
B'jHjPtOl, : longli^t-yellow needles.— B'HI aq j • 
■lender, oblique, four-sided priems. S. 18 in thr 
cold.— B'HBraq; short prismatip needle#. 8. 8*9 
(Davidson, Fd. N. Phil, J, [2] S, 284).— 
B'jHjCr.O,; orange-yellow powder, bL iol. cold 
water (D.).— B'HNO, : trimetrio prisms (from 
alcohol).— B'HClOgaq : long thm trimetrid 
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prisma [150®-160®]. Effloresces fit 60*. V. sol. 
water and alcohol ^Odeker, A. 71» 63 ; Daaber« 
A. 71, 67).— B'HjSOi S^aq : prisms, v. sol. water, 
m. sol. alcohol and ether, si. sol. dilute HJSO 4 . 
Efflorescent.— B'H 3 P 04 ; four-sided trimetrio la- 
zninas. [200^-216°]. V. sol. hot water and ^co- 
hol, insol. ether.— B'jEliPOf : glittering, oblique, 
four-sided prisms : v. sol. boiling water and al- 
cohol, nearly insol. ether. Neutral in reaction. — 
B',H,PO«: long, oblique, four-sided prisms with- 
out lustre ; permanent in the air ; v. sol. water 
and alcohol, si. sol. ether. Has an alkaline re- 
action.— B' 4 H 4 PaOyaq: glassy crystalline crust; 
V. sol. water and alcohol ; neutral in reaction. — 
: thin tables, y. si. sol. cold water. 

Acetyl derivative [c. 250®]. 

From fn^urine and Ao,0 by gently warming 
(R. Schiff, B. 10, 1188). White floooulent micro- 
crystalline mass (from boiling alcohol). Insol. 
water, m. sol. alcohol and ether. Not saponified 
by boiling aqueous KOH. Does not trombine 
with acids. With bromine in HO Ac it forms a 
hexabromide CjjHjiBr.AcNjO, which is ppd. 
on adding water. 

Ethyl-furfurine OuHnEtNjO,. The hydriod- 
ide is formed by heating an alcoholic solution of 
furfurine withEtl at 100® pavidson). It separates 
by evaporation of the cold alcoholic solution in 
prisms. S. 2*8. M. sol. alcohol and ether. Moist 
AgjO converts it into a syrupy alkaline hy- 
droxide which forms a platinochloride 
( 0 , 4 H„EtNA)iH^tCl 4 . 

Isoamyl furfurine C, 4 H„(CjH„)NjOs‘ Tlie 
hydro-iodide prepared by heating furfurine with 
isoamyl iodide is a radio-crystalline mass. The 
, platinochloride B'jHjPtOlj is a yellow pow- 
der, si. sol. water. 

FUBFXJEO-BENZIDINE v. Furfubalobhyde, 
Beaction 23. 

FUEFUEOL V. Pubfuraldehtde. 

FURFUaO-JB)-NAPHTHYLAMINE v. Pur- 

VUBALDIHTDB, BCMtum 26. 

FPSFUBONITBILE v. Nitrile of Ptbomucio 

lOXD. ■ 

FTTEFUBYL-ACBOLEiN v. Purfuryl-acby- 

UO ALDEHYDB. 

FUBFPBYl-ACBTUC ACID C^HA 
C 4 H, 0 . 0 H:CH.CX)^. Furfuracrylic acid, 
[136®]. S. *2 (in the cold). Pormed, by Perkin’s 
reaction, by heating furfuraldehyde (1 pt.) with 
NaOAc (2 pts.) and ACjO (2 pts.) at 250® for 11 
honn; the solution solidifies on cooling, and 
after dissolving tn Na^GOrAq, the acid is ppd. 
by HCL The yield is 80 p.o. of the theoretical 
(Baeyer, B, 10, 355 ; Marckwald, B. 20, 2811). 
Formed also by oxidatidn of the corresponding 
aldehyde, furfuj^l-acrylio aldehyde, by AgjO (J. G. 
Schmidt, B, 18, 2344). Formed, together with 
glyoocoU, by the action of boiling baryta-water on 
furfuryl-aorylurio add, which is in the urine oic 
dogs that have teJum furfuraldehyde (q.v.). Long 
wlSte needles (from water) ; volatile with steam. 
^ Ag salt is m. soL hot water. 

Beactions^l, Reduced Iff sodmn-amalgtm 
*40 furfuryl-propionio add. — 2. Bromine acting 
on furfuryl-acr^^lio acid forms crystalline 
O^JBrAif which is decomposed by water into 
di-bromo-furfuryl-ethylene and 00, (Hill, B, 20, 
8859).— 8. When furfuracrvlio add is heated 
with 95 p.0. akohol (8*5 pts.) and saturated with 
HOI thers is formed an ether CtH«0(00tEt)| 


(286®), possibly (C 02 Et.CH,.CH 2 )„C 0 (since it 
forms a phenyl hydrazide [115®] and an oxim 
[38®]) ; it is a heavy oil, and the corresponding 
acid forms thin prisms [138°], and has a crys- 
talline silver salt. The acid 04 Hg 0 (C 02 H) 3 doe 8 
not combine with Br, is not reduced by so^um- 
amalgam, and yields succinic acid when oxidised 
by HNO, (Marckwald, B. 20, 2811 ; 21 , 1398). 
The acid ether 05 H 40 (C 0 ,H)(C 0 aEt) [ 68 ®] format 
a crystalline oxim [ 112 ®]. 

E thyl ether . (229®). Oil. 

a-Chloro-furfuryl-aorylio add 
C 4 H,O.OH:CC 1 .C 03 H. [142®]. Prepared by di- 
gesting a-ohloro-furfuryl-acrole!n with AgjO. 

Prqpcrfiss.— Rosettes of white crystals, sol. 
hot water, alcohol, ether, benzene, and chloro- 
form, insol. light petroleum. It agglomerates 
before melting. Gone. H 3 SO 4 gives a red colour 
changing to yellow on dilution. 

Salts.— Gu salt is a greenish pp. dissolving 
in ammonia with blue colour. — Pb and Hg salts 
are white pps., sol. hot water. — Pe salt is a red- 
brown pp.— Zn salt a white gelatinous pp. — Al- 
kaline and alkaline earth salts are v. sol. water 
(P. Mehne, B. 21 , 426). 

FURFDBYLACEYIIC ALDEHYDE C,H,0, 
%.€. C 4 H 30 .GH:GH.GH 0 . [51°]. (above 200 ®). 
Prepared by the action of aldehyde or paralde- 
hyde and aqueous KOH on furfurol (Schmidt, 
jB. 13, 2342). Very volatile with steam. Long 
colourless needles. V. sol. hot, si. sol. cold, water. 

jRcoeftorw.— With aniline dissolved in acetic 
acid it gives an intense green colouration. Re- 
duces AgjO forming furfurylaorylio acid. 

a-Chloro-furfuryl-acrylic aldehyde 
04 H, 0 .GH:CC 1 .GH 0 . [79°]. From furfuralde- 

hyde, chloro-acetic aldehyde, and aqueous NaOH 
(Mehne). Broad yellow needles, sol. hot water, 
ether, and alcohol. Forms a phenyl-hydrazide 
[157®] and an oxim [165®]. 

FDBFTJBYLAMINE v, Furfubyl-carbinyl 


FUBFITBYL-ANOELIC ACID G,H,oO, U, 
C 4 H, 0 .GH:GEt.C 02 H- [ 88 ®]. Formed by gradu- 
ally heating furfuraldehyde with 7i-butyric an- 
hydride and sodium n-butyrate in an open vessel 
to 180® (Baeyer, B. 10, 1364 ; Tonnies, B, 12 , 
1200). Silky needles (from hot water). Re- 
duced by sodium-amalgam to furfurvl-valeno 
acid. 

FUBFUBYL.BDTYI.E5EG4H30.GH:G(GH,),. 
(153®). V.D.«4*27. S.G. y » *9609. Prepared 
by cohobating a mixture of furfuraldehyde 
(3 pts,], isobutyrio anhydride (7 pts.) and fused 
sodium acetate (4 ipts.) for twelve hours. Sodium 
isobutyrate used instead of acetate gives the 
same product. • 

Addition woduet with N A* — 0 ,H,o 04 N, 
[ 94 ®] ', large listening tables ; easily soluble in 
ordinary solvmts. It decomposes at 145®-150® 
into its constunenti. On reduction with tin and 
HGl it gives a mixture of furfurylbutylene oxide 
04 ^ 0 . 0 H; 0 ( 0 H,), (a liquid (186®), sol. water 

V 

and volatile with steam) and amido-f urf urylbutvl- 
ene oxi^ (q.u.) 04 Ha 0 . 0 (NH|): 0 ( 0 H|}| (Tdunies 

a. Staub, B. 17, 851; qT* B, 11, 1511), 
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mi 


FtrBFirilYI.OABBINOL 
C 4 H,O.CHsOH. Formed by reducing f urfuralde- 
hyde with Bodium-amalgam (Beilsteina. Sohmelz» 
A. Swppl. 8 , 276). Formed also, together with 
pyromucic acid, by the action of alcoholic EOH 
on furfuraldehyde (Limpricht, Z, [ 2 ] 6 , 699). 
Syrup drying up to an amorphous resin; cannot 
be distilled. HClAq colours it green. Gives 
fuccinio acid, EOAo, formic acid, and GOj on 
fusion with EOH. Aniline added to its aqueous 
solution gives a yellow flocculent pp.of 0„H,,NO. 
Aniline hydrochloride added to its a|ooholio 
solution ppts. reddish-green scales of 
0,iH„NO,NHjPhHCl (H. Schiff, B. 19, 2164). 

FUEFUEYL-CARBINYL-AMIKE 
C 4 H,O.CHj.NHj. (146°) (C. a.D.); (135°) (T.). 
V.D. = 49*1 (obs.). Prepared by reduction of 
pyromuco-nitrile with zinc and dilute H 2 SO 4 . 
The product is distilled with steam, the distil- 
late acidified and evaporated to a small bulk ; 
on adding solid EOH the base separates (Gia- 
mioian a. Dennstedt, B. 14, 1476 ; 0, 11 , 332). 
Obtained also by reducing the phenyl-hydrazide 
of furfuraldehyde (45 g.) dissolved in alcohol 
(600 g.) with 2^ p.c. sodium-amalgam (1360 g.) 
in the cold (below 3°) (Tafel, B. 20, 398). Liquid. 
Miscible with water. Strong smell. Powerful 
base. Absorbs GO, from the air forming a crys- 
talline mass [76°]. 

Salts.— B'HCl: colourless soluble prisms or 
needles. (B’HCl) 2 PtCl, ; orange -yellow trimetrio 
plates, soluble in hot water, sparingly in cold. — 
B'HjC^O^ Jaq: narrow scales. — The sulphate 
forms minute needles.- The picrate forms 
golden prisms decomposing at 160° without 
fusion. 

FUEFTOYL-CEOTONIC ACID G.H,0, U. 
G 4 Hs 0 .CH:CMe.C 02 H. [107°]. Formed by oxi- 
dising the corresponding aldehyde with AgjO 
(J. G. Schmidt, B. 14, 675). Glittering plates 
(from hot water) or slender needles (by sublima- 
tion). Cone. H.^SO^ forms with it a red solution. 

FUEFUEYL-CEOTONIC ALDEHYDE 
C,HA U, C 4 H,O.CH:CMe.CHO (?) (120° at 
110 mm.). Prepared by adding NaOH to an 
aqueous solution of propionic aldehyde and fur- 
furaldehyde (J. G. Schmidt, B. 14, 674). Colour- 
less liquid. Volatile with steam. Gives a green 
colouration with aniline and acetic acid, and a 
yellow nassing into violet with magenta de- 
colourist with SOj. By Ag^O it is oxidised to 
furfuryl-orotonio acid. 

FUEFDEYL-ETHYL-CAEBINOL v. Fub- 


FtJBYL-PROPYL ALCOHOL. 

FHEFBEYL-ETHYL-PYEIDIHE , 
Hexahydride 0«H,O.CHj.OH,,CjH„N. 
(246°). From furfuryl- vinyl-pyridine and sodium 
m presence of alcohol (Merck, H. 21, 2709). — 
B'HCl: [146°-148°].— B'HBr. [ 0 . 136°].— B'HI. 
[0. 121°]. 

FUEFDEYLIDEKE-AGETON^. Fubtubyl- 


VZNYL MBTHYL BBTONB. 

FUEFDEYL -METHYLENK -DI-OAEBAMIO 
ETHEE 04 H,O.CH(NH.COJEt)- [169°]. Sepa- 
rates immediately on adding a drop of HClAq to 
a mixture of furfuraldehyde and oarbamio ether 
(Bisohoff, B, 7, 1081). Silky needles (from alco- 
hol) ; insol. water, v. sol. alcohol and ether. 

FBEFBEYL-MBTHYLEHE-MAIOHIO AGED 
04 H,O.OH: 0 ( 00 ^),. [ 187 °]. From its ether. 
Brisma (from etuOT, alcohol, or HOAo) ; ▼. soL 


water, insol. benzene, light petroleum, and 
ohloroform. Split up by heat into CO, and fnr- 
fnryl-acrylio acid. Deduced by sodium-amalgam 
to furfuryl-isosuccinio acid. 

Mono-ethyl ether EtHA". [108°]. 
Formed by gently heating the diethyl ether with 
potash. Trimetrio prisms (from benzene). V. 
si. sol. cold, m. soU hot, water, m. sol. benzene 
and ohloroform, insol. light petroleum. Split 
up by distillation into CO, and furfuryl-acrylio 
acid. 

Di-ethyl ether'&i.^”. Formed by heating 
a mixture of furfuraldehyde and malonio ether 
with AogO (Marckwald, B, 21, 1080). Oil; mis- 
cible with alcohol. 

Amide CiH,O.CH:C(CONH 2 ),. [180°]. 
Needles (from alcohol) ; m. sol. hot water, v. e. 
sol. HOAc, insol. ether. 

FUEFUBYL - DI - METHYL - PYBIDIHE-DI - 
HYDEIDE DI-CAEBOXYLIO ETHEE Ci,H,|NO, 
OH, 

0 

EtOjC-/ \H-OO^t 
OH,-C CH-O.H,0 


by heating a mixture of furfuraldehyde and 
aceto-acetio ether with alcoholic NH,. Colour- 
less crystals. On oxidation it gives furfuryl-di- 
methyl-pyridine di-carboxylio acid (B. Sohiff a. 
Puliti, B. 16, 1608). 

FUEFDEYL-NITEO-ETHYLENE 
C 4 H,O.CH:OH(NOJ. [76°]. Formed by the action 
of furfuraldehyde upon an alkaline solution of 
nitromethane (Priebs, B. 18, 1362). Long yellow 
prisms. Easily volatile with steam. Gives on 
nitration 04 H,(N 0 ,) 0 .CH:CH(N 0 ,) [144°] which 
forms a crystalline dibromide [ 111 °] and is oxi- 
dised by CrO, to nitro-pyromuoic acid. 

FUEFUEYL-PEOPIONIC ACID 
04 H,O.OHMe.CO,H. [61°]^ From furfuryl- 
aorylio acid by sodium amalgam (Baeyer, B. 10, 
367). Sol. water and ether. Coloured yellow 
by HCl. Converted into furonio acid by suc- 
cessive treatment with Br and Ag,0. 

Amide C^HjO.CHMe.CONH*. [98°]. (270°). 
Formed by heating the ammonium salt in a 
closed tube for some hours at 220 ° (Marckwald, 
B. 20, 2811). Needles, sol. water, aloohol, ether, 
and benzene, si. sol. light petroienm. 

I FDEFUEYL-PEOPYL ALCOHOL 
' 0,H,O.CH(OH).C,H.. Fwrfuryl-ethyl-earbinol 
(180° at 760 mm.). S.-G. J 1*066; ^ 1*063. 
Formed by the action of zmo ethyl on furfur- 
aldehyde and treatment of the product with 
water. Thick liquid (Pawlinofl a. Wagner, B, 
n, 1968). 

(Py, 8)-PDEPirBjrL-QTnH0LIirE 
OpH^oAo. [92°]. (above 300°). Formed by 
heaung its carboxylic acid above its melting- 
Doint (DSbner, il.„242, 287). Long needles. 
Bisol. cold, V. si. sol hot, water, ▼. e. aoL other 
ordinary solvents. ' 

Salts.— (B'HCl);PtOl 4 2 aq: .small yellow 
needles; sL sol. cold, v, sol hot, water.— 
B'HOlAuOL: lemon-yellow needles; ibl. hot 
^ater.— B'H,Or,0, : orange-red needles ; aoLhot 
water.— Pier ate: [ 186 °] ; large yellow platei. 
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(Py. 8).rU^FUBYL-QiriH0LINE (Py, 1)- 
CAMOZTLIC ACID C;H,N(0*H,0)CO,H. {Py. 
?l)-Furfttryl-dnchonic ctoid. [o. 216®]. Formed 
by heating together furfuraldehyde, p^uvio 
acid, and aniline in alcoholic solution pobner, 
A. 242, 285). Greenish-yellow needles. SI. sol. 
cold, V. sol. hot water, y. e. sol. alcohol, ether^ 
and benzene. Heated above its melting-point it 
yields (Py. 3) -furfuryl -quinoline. 

Salts.— The Ag, Pb, and Cu salts are si. sol. 
water. The chloride, nitrate, and sul- 
phate, are v.sol. water. — (B'HCl) 2 PtCl 4 : orange- 
yellow needles ; si. sol. cold, v. sol. hot, water. — 
(B'HCl)^uGl, ; lemon-yellow needles. 

FTTBFDRYL-ISOSTICCINIC ACID 
0,H,0.CHyCH(C0^)j. [126®]. Formed by re- 
ducing furfuryl-methyleue-mafonio acid with 
sodium-amalgam (Marokwald, B. 21, 1080). Long 
slender needles, v. sol. water, ether, HOAc, and 
alcohol; almost insol. light petroleum. Split up 
by distillation into CO 3 and furfuryl-propionic 
acid. 

FUBFURYL-VALEEIC ACID C,H, 30 , i.e. 
04 H, 0 .CH,.CHEt.C 03 H. Formed by reducing 
forf^l-angelic acid by sodium-amalgam (Baeyer 
a, Tdnnies, JB. 10, 1364 ; 12 , 1200). Oil. By 
successive treatment with Br and Ag^O it is con- 
verted into ‘ butyro-furonic acid ’ CpHijOj. 

DI-FDRFURYL-DI-VINYL KETONE 


(C 4 H, 0 .CH:CH)X 0 . Di-furfural-acetone. [61®]. 
fVom fnrfuraldehyde (20 g.), acetone (^6 g.), water 
(400 g.l, alcohol (300 c.c.), and NaOH (3 g.) dis- 
solved in water (27 g.). Flat lemon-yellow prisms, 
turning brown in air. V. sol. alcohol, ether, 
and chloroform, less sol. light petroleum. With 
oonc. HjSO^, AcCl, or fuming HCl it gives dark- 
red solutions (Claisen a. Ponder, A. 223, 146). 

FURFTIKYL-VINYL METHYL KETONE 
04 H,O.CH:CH.CO.Me. Furfural-acetone. [40®]. 
(135®-187®) at 84 mm. ; (229®) at 760 mm. From 
fu^raldehyde (20 g.), acetone (30 g.), water 
(1000 g.), and dilute (10 p.c.) NaOH (30 g.) left 
24 hours in the cold, then extracted with ether 


and distilled. Yellow oil, smelling of cinnamon 
and of forfuraldehyde, but soon solidifies to thick 

{ >rism 8 . V. sol. alcohol, ether, and chloroform, 
ess sol. petroleum. In H 3 SO 4 it forms a brown- 
ish-yellow colour turning wine-red on heating. 
AcOl forms an orange liquid turning emerald- 
green (Claisen a. Ponder, B. 14, 2468 ; A. 223, 
146 ; J. G. Schmidt, B. 14, 1459). 

FUEFUEYL.(Py. 3 )-VINYL-PYBIDINE 
OAO.CH-.CH.CjP^N. [61®-53®]. From furfur- 
al^yde and f)-methyl-pyridine at 166® in 
presence of a little ZnOl^ (Merck, B. 21, 2709). 
Needles (from water) ;«blackens in air; v. sol. 
alcohol and ether. — B HHgCl, aq [133°]. — 


B',H,PtC1.2aq. [ 165 ®].-B'C.H 3 (N 03 ), 0 H. [185®- 
190®]; yellow needles. 

FDBFDBYL-VINYL 8 TYRYI KETONE 1 


C 4 H,O.CH:CH.CO.CH:CH.Ph. Fwrfural-benzyl- 
idene-acetone. [ 66 ®]. Froifi benzylidene-acetone 
(10 g.) and fnrfuraldehyde (7g.), or from fur- 
fnrm-acetone (10 g.) and benzoic aldehyde (8 g.) 
• in presence of water ( 200 g.),%lcohol (130 g.), and 
dilute (10 p.o.) NaOH (10 g.). 

IVppsrttM.— Straw-yellow plates (from boil- 
ing light pettbleum). V. sol. alcohol, ether, 
benzene, and ohloroform, less soL petroleum, 
done. forms a dark red, AoOl an orange 
lolittioiii ((Eaisen a* Ponder, A. 223, 147)* 


FDEIL i.e. C«H,O.CO.CO.C^,0. 

[162®]. Prepared by passing a stream of air 
through a solution of furoin in alcoholic NaOU 
(E. Fischer, B. 13, 1337 ; A. 211, 221). YeUow 
needles. Insol. water, si. sol. alcohol and ether, 
V. sol. ohloroform. By sodium-amalgam it is re- 
duced to furoin. By aqueous KOH(l:2) it is con- 
verted into furilio acid. According to Jourdain 
(B. 16, 669) alcohol containing a little KCy gives 
fnrfuraldehyde and pyromuoio ether. * 

Furil-octo-bromide C,oH^ 04 Bro. [185°]. Crys- 
talline. SI. sol. alcohol, m. sol. ohloroform. Pre- 
pared by the action of an excess of bromine on 
furil. On fusion it evolves Br and HBr, forming 
dibromo-furil and a small quantity of bromo* 
furil. 

Bromo-furU 0 ^ 4 HjBr 04 . [110®]? Yellow 

Di-bromo-furil 0 ,eH 4 Br 304 . [184®]. SubU- 
mable. Golden yellow plates. 

Benz-furil v. vol. i. p. 462. 

FDRILIC ACID (C4H,0)3C(0H).C03H. 
Formed by rubbing furil with warm KOHAq, 
adding dilute H 3 SO 4 , filtering from a separated 
resin, and extracting the filtrate with ether 
(E. Fischer, A. 211, 220). Unstable needles ; de- 
composed at 100 ° ; m. sol. cold water, v. sol. al- 
cohol and ether. A resin slowly separates from 
the aqueous solution. 

Di-bromo-furilio acid CjoHjErjOj. Formed 
by the action of baryta-water on di-bromo-furil. 
Its alcoholic solution is turned red by warming 
after addition of some dilute H^S 04 .— BaA', : 
slender needles. 

FUROIN C,,H« 04 . [135®]. Prepared by 

boiling fnrfuraldehyde (40 g.), alcohol (30 g.), 
water (80 g.), and potassium cyanide (4 g.) for 
half an hour in a flask with inverted condenser. 
Cry-stallised from toluene or alcohol (E. Fischer, 

A. 21 1, 218 ; B. 13, 1334). Prisms. Distils un- 
changed. SI. sol. hot water, alcohol, and ether. 
Cone. HBO 4 forms a bluish-green colour. Weak 
acid. Gives an absorption spectrum. The solu- 
tion in alcoholic NaOH is bluish-green, and is 
oxidised by the air to furil. 

Acetyl derivative C,pH;Ac 04 . [76®]. 
Needles. 

FURONIC ACID C,HgO,- [180®]. Formed 
by adding bromine (1 mol.) to an aqueous solu- 
tion of furfuryl-propionio acid (1 mol.), and 
treating the product with AgjO (fimolsu) (Baeyer, 

B. 10, 696, 1358). Colourless needles (from hot 
water). SI. sol. cold water and ether. Cone. 
H 2 SO 4 forms a reddish-yellow solution. HClAq 
is not coloured by it. Hydriodic acid and red 
phosphorus at 200 ® reduce it to n-pimelio acid 
C 0 ,H.CH 3 .CH 3 .CH,.CH,.CH 3 .C 02 B[? Sodium- 
amalgam gives hydrofuronio acid 

AgjA". 

Hydrofuronio acid C,H,oO,. [112®]. Formed 
as above. Needles.— Ag-^A" : m. sol. hot water. 

FUSCO-SCLEROTIC ACID C, 4 H 340 ,. An acid 
extracted by Dragendorft (C. 0. 1878, 125, 141) 
from ergot by ether, the ergot having previously 
been treated with a solution of tartaric acid. It 
may ^ separated from * picrosclerotic aoid^ by 
H 3 SO 4 , in which it is soluble (Blumberg, Ph* [iq 
9 , 28). Its alkaline salts are soluble. 

FUSSL on. A volatile liquid present in the 
product of the alooholio fermentation of the 
saooha^e liquids derived from potatoes, whet|> 
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AOm and of the juice of grapes, beet, Ac. It 
passes over in the latter portion of the distillate 
when these liquids are rectified. Fusel oil always 
contains amyl and ethyl alcohols, usually iso- 
butyl and «-propyl alcohols, some fatty acids, 
and some ethers. 

Fusel oil from potatoes consists chiefly of j 
isoainyl alcohol {q. v.) ; it often contains iso- 
butyl alcohol and decoio acid (Dumas, A, 18, 
80 ; Wurtz, C. B. 35, 310 ; A. 85, 197 ; Johnson, 
J. pr. 67, 262). Boibstein (0. B. 87, 601) found 
the following compounds in a litre of potato fusel 
oil : 276 c.c. isoamyl alcohol ; 170 o.c. of pro- 
ducts boiling above 132‘^ and still containing 
amyl alcohol; 150 o.c. isopropyl cilcohol; 126 
O.C. water ; 76 c.c. of a mixture ot aldehyde, ethyl 
alcohol, and ethyl acetate ; 66 c.c. w-butyl alco- 
hol; 60 c.c. scc-amyl alcohol; 60 c.c. isobutyl 
alcohol ; and 30 o.c. n-propyl alcohol. 

Fusel oil from molasses contains isoamyl and 
isobutyl alcohols (Wurtz, A. 93, 107), together 
with palmitic (?) and heptoio acids and heptoic 
ether (Mulder, J. 1858, 302). Kowney (G. J. 4, 
372) found isoainyl decoate as well as iseamyl 
alcohol, water, and EtOfl in the fusel oil from 
the Scotch wliisky distilleries. 


In fusel oil obtained in preparing alcohol, 
partly from wheat, partly from maiee, Wetherill 
{Chem. Gaz. 1853, 281) found acetic and octoio 
acids, isoamyl alcohol, but no butyl alcohol. 

In the fusel oil from beet-root molasses Feh« 
ling {J. Ph. [3] 25, 74) found octoic and doooio 
acids and an ether of decoio acid. In a fusel 
oil from the same source Perrot {C. R. 45, 309 ; 
A. 105, 64) found ethyl, butyl, and isoamyl al- 
cohols, compound ethers of the above alcohols 
with caproic, heptoio, octoic, and ennoic acids 
(c/. MiiUer, J. pr. 66, 103). Schrotter (B. 12, 
1431) found in this fusel oil a liquid base CgHjjOi 
(180°-230°) which forms a crystalline sulphate 
B'HiS 04 . He also observed another base 
C,oH,«N,. • 

FUSIBLE METAL. An alloy of Bi, Pb, and 
Sn, which melts at 93*7° (v. vol. i. p. 511). 

FUSTIC. Two yellow dyes are known by 
this name, viz. old fustic obtained from Morus 
tinctoruf and young fustic from Bhus calamus. 
The latter contains a glucoside ‘ fustin ’ 
crystallising from water in needles 
[219°j, and split up by dilute II.^SO, into 
a sugar and Fisetin (g. t?.) (Schmid, B, 19, 
1735). 
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OALACTIN. This name was given by Morin 
to a nitrogenous body resembling gelatin, said 
to occur in*milk, blood, Ac. {J. Ph. [3] 25, 423 ; 
[4] 14, 11). Wyntcr Blyth (C. J. 35, 631), after 
freeing milk from casein and albumen, and 
adding mercuric nitrate, obtained a pp. whence, 
after removal of mercury as sulphide, and ppg. 
a second time by lead acetate, a compound 
(PbO)^,Cj,H,«N, 04 ^ ? was formed. After remov- 
ing the lead an amorphous alkaloid was left, called 
by Blyth galactin. More recently the same name 
has been given by Muntz (C. R. 04,453 ; A. Oh. 
[6] 2(), 121; Bl. [2] 37, 400) to a non-nitrogenous 
carbohydrate CJI,oOi occurring in the seeds of 
leguminous plants. Muntz obtained it by ex- 
hausting nowdered lucerne seeds, Medicago saliva, 
with wilier containing a little Pb(OAc) 2 ; ppg. 
excess of load by oxalic acid ; diluting with al- 
cohol (U vols.) and purifying the pp. by redia- 
Bolving in water and reppg. with alcohol. When 
dried m the air it forms transparent nodules, 
which swell up in water and dissolve slowly lilce 
gum arabic, forming a sticky solution which is 
ppd. by basic, but not by normal, lead acetate, 
and behaves generally towards metallic salts like 
a solution of gum arabic. It is dextrorotatory, 
[o]d “ 84-6°. HNOh oxidises it ta muoic acid. 
Very dilute mineral acids at 100^ give galac- 
tose and a non-crystalline sugar. Galactin is 
not inverted by saliva or pancreatic juice. A 
substance resembling this galactin occurs in 
agar-agar (Bauer, [2] 30, 381). 

Paragaloctin. This name is given by Schulze 
a. Steiger {B. 20, 290) to the (impure) substance 
left after exhausting finely-powdered lupin seeds 
{lmpinu 9 luteus) by ether, followed by very di- 
lute cold potash. It constitutes 26 p.o. of the 

Voj,. n. 


seed, is somewhat gelatinous, and is converted 
into galactose by boiling dilute acids. After 
treatment with hot 10 p.c. aqueous KOH alcohol 
gives a gelatinous pp. whence an acetyl deriva- 
tive C H,Ac,0^ can be obtained. 

GALACTONIC ACID Lactonic acid. 

Small colourless deliquescent needles. 

Formation. — By oxidation of milk-sugar 
(Barth a. Hlasiwetz, A. 122, 96; 168, 259), ara- 
binose, or galactose (Kiliani, B. 13, 2307 ', 14, 
651, 2529 ; 18, 1552) with bromine. 

Preparation. — A solution of 100 grms. of 
milk-sugar in 400 c.c. of 5 p.c. sulphuric acid is 
boiled for 4 hours and freed from HjSO, by 
Ba(OH).,. The filtrate concentrated to 300 c.o. 
and cooled to about 35° is oxidised by treatment 
with 200 grms. of bromine ; the yield is 70 p.o. 
of the theoretical. 

Beactions.—Bj heating to 190° it is converted 
into its lactone CjH,uOg by loss of HjO. It is 
reduced by HI to the ^actone of 7 -oxy-n-hexoio 
acid. HNOj oxidises it to mucio acid. Potash- 
fusion gives oxalic and acetic acid. Galaotonic 
acid is slightly IflBvorotatory. It does not reduce 
Fehling’s solution. 

• Salts.-ANa 2aq.-A'(NH,).~A',Ca 6 aq.— 
A'jCd aq : monooliqjc needles (B. a. H.), — 
A',Cd 4aq. 

GALACTOSE v. Sugars. 

GALANGIN [216°]. Occurs, to- 

other with camphoride and alpinin, in the • 
galanga-root (Jahns, B. 14, 2807). Sublimes in 
part. Light-yellow tables or fl|it prisms (con. 
taining ^CjHjOH) ; needles (containing HjO). 
Sol. ^er ; S. (90 p.c. alcohol) 1-6 ; nearly insol 
water. Dissolves m alkalis forming a yellow so- 
lution. Beduoes alhaline silver and oopj^r solu* 
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lions. On oxidation with HNO, it gives benzoio 
and oxalio acids. — Oj^HgOjPb : amorphous 
orango pp. 

Tri-acetyl derivative OuHyOgfOAo), : 
[142°] ; colourless needles. Sol. alcohol, insol. 
water. 

Di-hromO’ derivatiue OuHgBrjOj. Yellow* 
needles. < 

GALBANTJM. a gum resin supposed to be 
the produce ol Bahon Oalbanum or Ferula eru- 
bescens, and imported from Africa and Persia. 
Yellowish mass with bitter taste and strong 
smell. It gives a yellowish-red or violet colour 
with hydrochloric acid, and an orange colour 
with a solution of bleaching powder (Hirschsohn, 
0. C. 1877, 182). Yields on distillation with 
water a small quantity (7 p.o.) of terpene, S.G. 2 
•814, (160°), [a] « -*18 (MSssmer, A. 119, 257). 
According toWallaoh (A. 238, 81) oil of galbanum 
contains a sesquiterpene C,jHj 4 whose hydro- 
chloride melts at 118°. Potash- 

fusion forms resorcin. Contains about 66 p c. 
resin, sol. alcohol, ether, and ligroin, and 25 p.c. 
gum, sol. water. The resin contains 72 to 74 p.o. 
carbon, and 8 to 8-5 p.c. hydrogen, and is sol. 
lime-water. Alcoholic HCl acting on the resin 
at 100° forms umbelliferon ; this body is also 
formed by the dry distillation of galbanum and 
other resins formed by umbelliferous plants 
(Sommer, Ar. Ph, [2] 98, 1). The oily distillate 
from galbanum, when freed from umbelliferon 
by dilute KOHAq, has a splendid blue colour 
(289°) ; it is sol. alcohol, insol. aqueous alkalis, 
coloured green by alcoholic FeClj, resinified by 
Br, and coloured yellowish-red by HNOj. This 
blue oil appears to be identical with oil of cha- 
momile {q. V.) (Kachler, B. 4,36). 

GALIPE^E CjoHj.NO,. [116°]. An alka- 
loid present in the Angustura bark. On evapora- 
tion of the mother liquor from the oxalate or 
sulphate of cusparine the salts of galipcine sepa- 
rate out. White prisms, soluble in petroleum, 
ether, and alcohol. Its salts are more soluble 
than those of cuspSrine ; their solutions are of 
a greenish -yellow colour resembling uranium 
salts. — B'J^S 04 7aq : [60°]; greenish -yellow 
prisms. — Hydrochloride; prisms with tri- 
angular base.— B'^fBy’tCl* : bright yellow pp. 
(Efimer a. BShringer, (?. 13, 865). 

GALITANNIC ACID C^BAfaq. A variety 
of tannin said to occur in Galium veruin and 
Q, Aparine (Schwarz, A. 83, 67). 

OALLACET051NE o. PiBooaLLon. 

GALLAOETOFHENONS V. Tbi-oxv-aceto- 

fHBKONS. * 


GALLAOTIO ACID OwH^.O,? Formed by 
boiling milk-sugar (200 g.) with cupric sulphate 
(1,200 g.) and NaO^q (Bcedeker a. Struckmaniy 
A. 100, 267). Yellow syrup, miscible with water 
and alcohol, insol. ether. sPpd. by lime-water 
and by Pb(OAc) 2 .— CajA*^ 3aq : flocculent pp— 
HgjA'^3ftq: amorphous pp. — PbjA'^Oaq : powder. 

. OAUElH i.e, • 

goM-phthdlM 

jPfsparattort.— By heating phthalic anhydride 
(IpU wito pyrogallol (2pt8.) at 190°-200®i the 
loaadf is dissolved in sJcohol, Altered, and 


w»ter added to ppi the gallsin i it is best puri- 


fled by means of the aoetyl-derivative (Baeyer, 
B. 4, 467, 666, 663 ; Buchka, A. 209, 249). 

Prop^rftes.-Brownish-red powder or glisten, 
ing, minute crystals with green reflex; si. sol. 
hot, insol. cold, water, sol. alcohol, si. sol. ether, 
insol. benzene. It dissolves in oonc. sulphuric 
acid with dark-red colouration. Its solution in 
NHsAq and in lime- and baryta-water is violet. 
Dyes fabrics mordanted with iron or alumina a 
bluer shade than logwood. 

Reactions.— 1. With alkalis it forms salts, 
which s«parate in metallic glistening green crys- 
tals ; with excess of alkali a blue or blue- violet 
colouration is produced; but acids reppt. un- 
altered gallein from this solution.— -2. On reduc- 
tion with potash and zinc-dust it yields at first 
hydrogallein, and then gallin.— 3. On reduction 
in acid solution gallol O^oHuO, is formed.— 
4. Fused with potash anhydro-pyrogallolketone 

joH)*^^ produced.— 6. With con- 
centrate sulphuric acid at 190° it yields caru- 
lein (q.u.).— 6 . HNO 3 oxidises it to phthalic acid. 

Tetra-chloro-gallein CjoH^jCl^O, 2aq (at 100°). 
Formed by heating tctra-chloro-phthalic anhy- 
dride with pyrogallol at 195° (Graebe, A. 238, 
337). Violet powder. 

Di-bromo-galleiu C^oH^BrjO,. Formed by 
adding Br to a solution of gallein in HOAc. 
Golden crystals with metallic lustre, v. sol. 
alcohol, si. sol. benzene. Its solution in NaOHAq 
is brilliant blue. 

Constitution of Gallein. The formula 
CO<;^“^«>C[C,Hj(OH) J3O was at first assigned 

to gallein from its analogy in its method of pre- 
paration to phenol-phtbalein, and the formation 
of a tetracetyl derivative. But its beliaviour 
with reducing agents is not thus explained ; in 
contact with potash and zinc-dust it takes up 
two atoms of hydrogen, and the product should, 
were the above formula correct, be analogous 
to phenol-phthalin and possess acid properties. 
But the hydrogallein shows no acid properties, 
though on further reduction it yields an acid 
substance, converted by sulphuric acid into oceru. 
lin, the analogue of phenol-phthalidin. Galleiii 
is thus possibly a peroxide, a view confirmed bj 
the fact that the tetracetyl derivatives ol gallein 
and hydrogallein are identical (Buohkq,, A. 209, 
249). 

Hydrogallein GjoHuO, i.e. 

CO<°^‘>0 (?). Formed bj 

reduction ol gallein (v. supra). Crystalline pow 
der, sol. alcohol and IlOAo, si. sol. water, insol 
benzene. It dissolves in alkalis with blue 
colouration ; the solution becomes red througl 
oxidation if boiled for a long time. 

Tetra-a^tyl derivative CjoH.Ac^O, 
[248°]. Formed by boiling hydrogallein wit! 
ACjO, or by heating gallein with NaOAo anc 
AO 3 O. Small rhombohedra (from benzene); sol 
alcohol and HOAc, insol. ether. Gives with Bi 
in HOAc a di-bromo- derivative O^gHJBrjAOfO, 
[234°]. 

Tetra-beneoyl derivative OMHgBz,Of 
rasi®]. Formed ^ boiling gallein with BzOl 
Slender needles (from acetone) ; soL alcohol an< 
benaene. 
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Oallla 0„H„0, ».«. 

Formed by 

reduction of gallein {q.v.). SmaU ooloutlese 
needles, turning red on exposure, sol. alcohol 
and acetone, al. sol. water. Decomposes car. 
bonates ; converted by cone, sulphuric acid into 
c«rulein. 

Tetra-acetyl derivative C,,-H,aAc 0 • 
[220°] ; colourless leaflets (Buchka, /. 209. ‘ieS)! 

Gallein and gallin dye mordanted fabrics like 
barwood and logwood. • 

rK 0gH5(0H)3(C02H) 

[fl:4:3:l]. Mol. w. 170. [220°-240°J. S. 1 fin 
the cold); 33 at 100°; S. (ether) 2*5 at 16° • 
S. (^cohol) 28 at 16°. S.G. i 4*094 (SchrSder).’ 

Occurrence.-In gaU-nuts, in sumach, in 
hellebore root, in dividivi, in the acorns of 
Quercue ^gilops, in green and black tea, in 
leaves of Arctostaphylos uva-ursi, in sandal- 
wood, in oolchicum, in strychnos bark, walnuts, 
and in most astringent parts of plants (Scheele ; 
Stenhouse, A. 45, 9 ; Kawalier, Sitz. W. 9 290 • 
Hlasiwetz a. Malin, .Z”. 1867, 271 ; Phipson,’ 
C. N. 20, 116 ; Bolley a. Bahr, Z. [2] 4, 501). 

Formation. — 1. By exposing powdered gall- 
nuts to the air for a month at 20° to 25° ; the 
powder, which must be kept moist, becomes 
covered with mould, which must be constantly 
removed, and the product, as soon as the aqueous 
extract ceases to ppt. a solution of gelatin, is ex- 
hausted with water (Scheele ; Steer, Sitz. W. 22 
249 ; Wittstein, Ph. 12, 444 ; cf. Tieghem, 0. R 
65, 1091; Weber, Ph. [3] 10, 754).-2. A solu- 
tion of tannin is ppd. by cone, H.^SO^ and the 
pp. added tef boiling dilute HySO^; after a few 
minutes gallic acid is deposited in crystals 
(Liebig).— 3. By the action of hot cone. KOHAq 
on di-iodo-salicylic acid ; a considerable portion 
of the gallic acid being, however, converted into 
pyrogallol (Lautemann, A. 120, 317). Demolo 
(B. 7, 1441) could not obtain gallic dcid in 
this way. — 4. By the action of aqueous KOH on 
bromo-yeratrio acid (Matsmoto, B. 11, 139). 

The acid so prepared melted at 197°- 200°. 

6. By potash-fusion from di-iodo-jj-oiy-benzoio, 
brorao - protocatechuic, and bromo - 5 - di - oxy - 
benzoic acids (Barth a. Senhofer, B. 8, 754, 1477; 

A. 142, 247 ; 164, 118). — 6. By heating gum kino 
with cone. JHClAq at 120 (Etti, B. 11, 1882). 

Separation from tannin. — An infusion of a 
plant which contains tannin and gallic acid is 
ppd. by gelatin ; the filtrate is evaporated to i 
dryness and exhausted with alcohol ; the ^oo- 
holio extract is evaporated and the residue*' 
crystallised from water, being, if necessary, 
treated with animal oharcoah 
^ Properties . — Long silky needles or triclinio 
prisms (containing aq). Astringent taste but 
no smell. Its solution is stronglji acid. At 
100°-120° it gives off its water of crystallisation; 
at 216° it begins to decompose into CO, and 
pyrogallol ; but if rapidly heated to 250° there 
is formed, instead of pyrogallol, a black lustrous 
insoluble mass, soluble in alkalis (so-called 
* Metagallio acid ’). An aqueous solution of galho 
acid does not change if excluded from the air, 
but in the preseooeof oxygen CO, is evolved and 
a black substance is deposited. This decom- 
position is hastened by the presence of alkalis, 
with czoe 9 i ?0H gives ft Wwh 8«b- 
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stance, the so-called ‘ tauromelanic acid.* Di- 
lute aloohoho KOH gives ‘ galloflavin.' A solu- 
tion of ammonium piorate gives a red colour 
changing to a beautiful green (Dudley, Am. 2, 
oj. Gallic acid reduces Fehling’s solution and 
ammoniacal AgNO,. Ferric chloride gives a 
biuish-black pp. (Chevreul, P. 17, 176) ; the pp. 

® ^reen solu- 

tion (Wackenroder, A. 31, 78 ; Etti. B. 11, 1882) • 
on heating CO, is evolved, the liquid becomes 
colourless and contains fen-ous salt. Pure fer- 
rous sulphate gives no colour at first, but the 
becomes blue. With a mixture' 
of FeCl, and KgFeCy^ gallic acid, like other re- 
ducing agents, pp^. Prussian blue. Pure gallic 
acid does not ppt. gelatin nor alkalis ; but when 
mixed with gum it gives a pp. with gelatin. It 
gives no pps. with albumen, gelatinised starch or 
alkaloids, but tartar emetic and NH*C1 give a 
heavy white pp. (Meissner, Ph. 1889, 626). A 
solution of gallic acid containing CaCO, dis- 
solved in CO, becomes blue when exposed to the 
air. A solution of barium gallate gives with 
excess of AgNO, a black pp. of silver, and the 
filtrate contains an acid resembling quercitannio 
acid (Lowe, J.pr. 102, 111; Barfoed, J. pr. 102, 
314). If a solution of barium gallate BaA' be 
treated with excess of baryta-water a white pp, 
IS formed which quickly turns blue in contact 
with the air ; but if the ppn. and washing be 
done ^th de-aerated water in an atmosphere 
of hydrogen, the pp. quickly dried in vacuo ex- 
hibits the composition BaC,H,Oj 6aq (Hlasiwetz, 
J. pr. 101, 113). An aqueous or alcoholic solu- 
tion of gallic acid, containing Na.SO^, is coloured 
by iodine a transient pui-ple-red (Nasse, B. 17, 
1106). KCy colours an aqueous solution of 
galho acid red (difference from tannin) ; the 
colour disappears on standing but reappears 
again on shaking with air (Young, Fr. 23, 227). 

Reactions. — 1. The crystallised acid is un- 
acted on by cold acetic anhydride and even 
at 100° 2 g. require 2 hours 5sr complete solu- 
tion. The anhydrous acid behaves similarly 
towards cold anhydride, but the same quantity 
only requires 2 -hour for solution at 100°. 
The products are in the first case almost 
entirely the triacetyl derivative of gallic acid, 
whereas in the second case there is formed in 
addition to this a body [161°] having the pro- 
perties of the pentacetyl derivative of tannin 
(BSttinger, A. 246, 125).— 2. Aq»eous KMnO, is 
quickly decolourised by gallic acid, so that it may 
be estimated volumetrically in the same way as 
oxalic acid (Morin, C. K. 4t5, 677). When rubbed 
with dry KMnO< it even takes fire (BSttger, 

P. Jubelband, 166). Dilute H,S 04 and KMnO« 
in^he cold give C, 4 H,„ 0 , ‘ hydrorufigallio acid * 
a golden crystalline compound which gives a 
crimson colour with t^e alkalis and their car- 
bonates (Oser a. Kalmann, M. 2, 60).— 3. Com- 
pletely oandised to CO and CO, by electrolytic 
oxygen (Bourgoin, J. Ph. [4] 13, 876). Chromie 
aetd mixture acts in like manner (Bemsen, Am. 

S. ra] 6, 364).— 4. An aqueous sedation of KCIO, 
and HOI gives iso-triohloro-glyoerio acid 
0,H,01,0, (Sohreder, A. 177, 282). If the 
mother-liquor from which the iso-tridhloro- 
glycerio acid has crystallised be boiled with tin 
and HOI, the tin ppd. by H,S, and the liquid 
ntTMted by ether, prisms of O,H,01,O, aw got 
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It forms the salts : : n^nte needles ; 

BaA"aq; and BaH^", Uaq.— 6. By heating 
with bmnine at 100® it is converted into tri- 
bromo-pyrogallol (Stenhonse, A. 177, 189) —6. 
Soda-fuswn gives pyrpgallol, hexa-oxy-diphenyl, 
and some phJoroglucin (Barth a. Sohreder, B. 
12, 1259 ; M, 3, 649).-7. Hot H,SO, converts It 
into mfigallio acid Oj^HgOj ( v . Hexa-oxy-an- 
thraqcinone).~8. KjSaO, acting upon a solution 
of gallic acid in concentrated aqueous KOH forms 
C«H,(OH),(O.SOi.OK)(COjK) which crystaUises 
in slender needles (Baumann, 11, 1916). A 
mixture of gallic and benzoic acids is converted 
by H^SO^ into anthragallol C,4H^05 (Seuberlich, 
J5. 10, 38), V. Tri-oxy-anthbaquinone.— 9. Gallic 
acid is converted by warming trith phosphorus 
oxychloride for some hours into digallic acid 
C„H,(OH),.CO.O.C8Ho{OH)2COH which is pro- 
bably identical with tannin (Schiff, 170,49).— 

10. Gallic acid (12 pts.) is converted by heating 
with cinnamic acid (10 pts.) and H.SO, (\60 pts.) 
at 50'^ into styrogallol C,gH,oO- (E. Jacobsen a. 
Julius,!?. 20, 2588).— 11. By heating with am- 
monium carbonate in a sealed tube an acid 
CgHjO, is formed. — 12. Formic aldehyde forms 
and (Bacyer, B. 5, 1096).— 

13. By heating with arsenic acid to 120° ellagic 
acid C,4H,jOg is formed (Lowe, Z. f2] 4, 603). If 
the pre^uot insoluble in water and consisting 
chiefly of ellagic acid be treated with sodium- 
amalgam, acidified, and shaken with ether, several 
substances are extracted, viz.: two crystalline 
substances and CijHi^Os, both si. sol. 

water, and a more soluble crystalline body (item- 
bold, A, 166, 116). 

Salts. — NH^A'aq : slender needles (from 
water). Obtained by passing NHj into an alco- 
holic solution of gallic acid.— KHA'jaq : pre- 
pared by adding an alcoholic solution of KOH 
gradually to an alcoholic solution of gallic acid 
until the pp. begins to be permanent ; the liquid 
is then shaken, when a flaky pp. separates. The 
pp. is washed with alcohol, dissolved in water, 
concentrated, and ^pd. by alcohol in colourless 
needles (Buchner, A. 63, 187). — NaA'3aq ; 
slender needles ; prepared as the K salt. — 
BaA'j 3aq ; prepared by neutralising a boiling 
solution of gallic acid with BaCO,, filtering, and 
rapidly concentrating. Small plates; si. sol. 
water, insol. alcohol.— BajO^HjO^Saq : v. sujrra.— 
SrA'j 4aq : small needles ; prepared like the Ba 
salts; si. sol. water, insol. alcohol.— CaA'j2aq : 
crusts of adherent needles; prepared like the 
Ba salt, — MgC,H,05 2aq; obtained by boiling 
magnesium acetate with excess of gallic acid, 
evaporating to dryness, and treating with alco- 
hol to remove free gallic acid. Light white 
powder; si. sol. water.— Mg3(0,H30j)j 6aq.— 
Al,(CTH,O08 4aq? FJocculent pp. 8. 2*02 ,qt 
20°; *84 at 100® (Lidoff, J. B. 1882, 195 ; G. J, 
42, 849).— ZnC^H.OjZnOj' deposited as a bulky 
white pp. when gallic acid is added to a solution of 
ainc acetate.— CoCyH.OjSaq: crimson powder.— 
MnC^H^Ojaq: crystalline pwder, turns brown 
in air.— obtained as a white pp. 
whi<^ becomes crystalline by adding lead acetate 
to an excess of a boiling solution of gallic acid 
(Liebig, A. 26, 128).-Pb,(03H,O.)5PbO ; yellow 
crystalline salt ; formed by boiling the preced- 
ing pp. in its mother liqnor.— SnO.H^OjSnO ; 
orystailine powder, obtained bj adding 


gallio acid to a solution of SnGlf previously 
neutralised by NH,. 

Acetyl derivative 0,Hj(OAo),.C05jH. 
[166°]. Formed by boiling gallio acid with AcCl 
or ACjO (Nachbaur, J. pr. 72, 431 ; Schiff, A> 
163, 209 ; Bottiuger, A. 246, 125). Prisms (from 
water) ; si. sol. hot water, v. sol. alcohol and ether. 
Gives no colour with FoClj. 

Bromo-acetyl derivative * 

C„H2(0n)2(0.CjHjBr0).C03H. From gallio acid 
and bromo-acetyl bromide (Priwozuik, B. 3, 644). 
Amorphous. 

Bensoyl derivative C6H,(OBz)jCOjH. 
Amorphous ;c softens at 85° (Schiff). 

Afcthyl ether C,H,,(OIT),.C02Me. [192®]. 
V. sol. water and alcohol (Will, B. 21, 2020). 

Tri-methyl derivative 
C„H,(0Me)3.C02H. [167®]. Needles (from ether 
or water) (W.). 

Methyl ether of the trimeihyl de- 
riuafiuc C,H.(0Me)3.C02Me. [81°]. (275°). (W.). 

Ethyl ether C«H2(0H)3.C02Et. [141°] 

(Etti," B. 11, 1882) ; [160°] (E. a. Z.) ; [158°] 
(G.). Formed by passing HCl into a solution 
of gallic acid (1 pt.) in alcohol (4 pts. of 80 p.c,), 
evaporating at 70° until tho liquid gets thick, 
adding BaCOj, and extracting the solid mass 
with ether (Grimaux, BL [2] 2, 94 ; Schiff, A. 163, 
217). Prisms (containing 2'iaq) or anhydrous 
crystals (from chloroform) (Ernst a. Zwenger, 
A. 159, 28). [90°] when hydrated ; [140®-168°] 
when anhydrous. SI. sol. cold, v. sol. hot, water; 
V. sol. alcohol and ether ; v. si. sol. CHCl,. Gives 
a blue pp. with FeCl,. Beduces ammoniacal 
AgNO, and AuCl,. Split up by dry, distillation 
into alcohol, COj, and pyrogallol. An aqueous 
solution Saturated by NailCO, gives small 
crystals of C,H4NaEt05,C,HjEt05. SI. sol. cold 
water; on heating with water sodium ellagate 
Cj^HjNaO, separates. Gallic ether gives a pp. 
with aqueous Pb(OAc)2, which when dried at 
100° has tho composition Pbj(C,H2Et04)2. 

Tri-acetyl derivative of the ethyl 
ether CgH2(OAc)3COstEt. Oil, slowly becoming 
crystalline. Forms no pp. with lead salts. 

Isoamyl 0,H2(OH)s.COj04H,,. [139®]. 
Slender glittering needles; si. sol. cold water, 
V. sol. alcohol and ether. 

Tri-ethyl-gallic acid CjHjIOE^j.COjH. 
[112®]. Colourless crystals. Sol. hot, si. sol. 
cold, alcohol. Formed by boiling its ethyl-ether 
with alcoholic KOH. Salts. — A'Ag : [c. 200®] ; 
erystilline solid; si. sol. cold water.— A'jBa: 
very soluble crystals. Ethyl ether 
CgH^(OEt),COjEt : [61®] ; glistening needles ; v. 
sol. alcohol, ether, ?ind benzene. Formed by 
heating the ethyl-ether of gallic acid with ethyl 
iodide and alcoholic KOH (Will a. Albrecht, B. 
17.2099). e 

Amide 0,H2(OH),CONHy [248®]. Formed 
by the action of ammonia and ammonium snl- 
phite on a moderately oonoentrated alcoholic eola- 
tion of tannin, the omde product being fraction- 
ally crystallised from hydrochlorio acid (A. a. W. 
Knop, J. pr. 66, 829 ; H. Schiff a. Pona, G. 16, 
177 ; B. 18. 487) . Large plates (oontaining aq); 
si. sol. cold water. Completely decomposed 
245®. Does not combine with HCl. Decomposed 
by> boiling with acids or aUtnUi into gallio ooid 
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t&d NH|. The lead compound is a heavy white 
powder, the copper compound 

C,H,(0H)(0,Cu).C0NHj 

is an azure-blue powder. The acetyl derivative 
C«H,^(OAo).,.CONHj forms aggregates of colour- 
less crystals, [o. 160'^] sol. water, alcohol, HOAc, 
and benzene. 

Bromo-gallic acid CaHBr(OH),CO^H. [above 
• 200°]. Formed, together with the di-bromo- acid, 
by rubbing gallic acid with bromine (Qrimaux, 
Bl. [2] 7, 479 ; Hlasiwetz, A. 142, 2501. Mono- 
clinic plates or needles (from water); sl.^ol. cold 
water. Coloured by lime or baryta-water suc- 
cessively red, greenish, and orange. FeCljColoui s 
it blue-black ; alkalis give an •orange-yellow 
colour. 

Di-bromo-gallic acid C,Bi*,(0H)3C02H. [140°] 
(G.) ; [160°] (Etti). Formed as above, using 
excess of Br. Long brittle needles or plates 
(containing aq at 100°). SI. sol. cold water; i 
coloured successively rose, light green, and dark 
red by lime or baryta-water. Its ethereal solu- 
tion is turned indigo-blue by baryta-water. Al- 
kalis form an orange solution, turned rose«red on 
dilution. FeCl, gives a blue-black solution. With 
AgP it gives CO, and pyrogallol (Priwoznik, B. 
3, 644). AcCl gives a tetra (? tri- ) acetyl deri- 
vative crystallising in needles [91°] (P.). 

GALLIN V, Gallein. 

GALLISIN [a]j-77-3-82-7. The 

cupric reducing power of 10 9B grams = that of 
6 grams of glucose. Occurs in commercial 
glucose (starch sugar), from the unfcrmentable 
residue of which it is obtained by evaporating 
to a syrup and repeatedly treating with absolute 
alcohol, aqd dually with a mixture of alcohol 
and ether, till all the water has been removed, 
leaving the substance as a fine powder. White 
amorphous powder. Very deliquescent. Not fer- 
mentable by yeast. Slightly sweet insipid taste. 
It is insoluble in ether, very slightly in absolute 
alcohol, more easily in methyl alcohol and acetic 
acid. It gives no pps. with PbiOAc),, HgCl.^, 
FcjClg, or BaClj. It reduces AgNO, and Feh- 
ling’s solution. By heating with acids it is con- 
verted into glucose. 

Salts.— C,,H.,,BaO,„3aq; white pp. formed 
by adding baryta to gallisin in aqueous alcoholic 
solution.-C,„H,3KO,o: hygroscopic powder.— 
0,jH,2pbO,oP'bO : easily soluble white iwwder. 

Hexa-acetyl derivative C,.,dI,g 04 (OAc)a; 
colourless glassy mass, insol. water, e. sol, alco- 
hol, ether, benzene, CSj, &c. (Schmitt a. Cobenzl, 
B. 17, 1000, 2466). 

GALLIUM Ga. At.w.69’9. Mol. w. unknmfn 
as V.D. of element has not been determined, 
[3016°]. S.G. 6*96 solid ; 6*07 liquid. S.H. 
•079 solid ; -0802 liquid. Latent heat of fusion 
e 1911 gram-units. Melted Ga remains liquid 
at temperatures considerably undef the M.P., but 
solidifies by contact with a trace of solid Ga ; 
other metals do not cause solidification. The 
metal crystallises in quadratic ootahedra. Cha- 
racteristic lines in the emission-spectrum are 
4170 and 4081 ; both lines have been reversed 
by Liveing and Dewar (Pr. 28, 471). 

GhkUiam was discovered by Lecocq de Bois- 
baudran in August 1875 in zinc-hlendB from 
Pierrefitte (Hautes-Pyr^nfies) ; the observation 
of two violet lii^ei in the spark-spectrum of this 


blende led to the discovery of the new element. 
The properties of Ga were found to be those of 
the element cfea-aluwiniMw as predicted by Men- 
delejeff {v. Chemical relations of Gallium), 

References. — The memoirs of Lecocq de Bois- 
baudran are contained in C. R. 81, 493, 1100 ; 
^2, 168, 1036, 1098 ; 83, 611, 636, 663, 824, 104-* ; 
86, 756, 941, 124ft; 93, 294, 329, 816 ; 94, 695, 
1154, 1227, 1439, 1625 ; 95, 18, 167, 410, 603, 
703, 1192, 1332 ; and with Jungfleisch in C. R, 
86, 476, 677. There are also memoirs by Ber- 
thelot in C. B. 86, 780; Dupr6, C. R. 86, V20, 
MendelojelT, C. B. 81,909; Nilson a. Pettersson, 

C. R. 91, 232. A general account of gallium is 
given by de Boisbaudran in Fremy’s Bncyclo- 
XjMie Chimiqm^ tome iii. cahier 6, pp. 202 et 
seq. [1884]. * 

Occurrence. — In very small quantities in va- 
rious zinc-blendes, and in many specimens of 
commercial zinc. The best source of the metal 
is the iJlende from Bensberg on the Ehine; da 
Boisbaudran and Jungfleisch obtained 52 grams 
of pure gallium from 4300 kilos, of this blende. 

Testing blendes for gallium. — The blende is 
treated with aqiui regia, the solution is heated 
to remove nitric acid ; when cold, zinc (free from 
Ga) is added ; various metals are thus ppd. ; 
while H is still being evolved the liquid is poured 
through a filter ; large excess of Zu is added, and 
the liquid is boiled until a white pp. forms ; this 
pp. is collected, washed, and dissolved in HClAq ; 
the solution is concentrated to a small volume, 
and examined by causing a small induction- 
spark to play over the surface of the liquid, and 
passing the light through a spectroscope. ^ 10 
grams of agallium-coutaming blende is sullicient 
to give the chief spectral lines of Ga. 

Preporation. — 1. The powdered blende la 
treated with aqua legia, excess of blende being 
always present in order to saturate the nitric 
acid ; to the filtered liquid, when cold, Zn (free 
from Ga) is added ; Sb, As, Bi, Cd, Cu, Au, In, 
Pb, Hg, Ag, Tl, Sn, and Se if present, are thus 
ppd. ; while H is still conAng oft, the liquid is 
filtered ; the filtrate is boiled with a large excess 
of Zn until a white pp. appears ; this pp, con- 
tains all the Ga as hydrated oxide (or as a basic 
salt) mixed with Al^Oj, basic salts of Fe, Zn, Or, 
Co, and some SiOj. The pp. is dissolved in 
HClAq, and H^S is passed into the liquid ; the 
pp. is removed by filtration ; NH^C^HjO^Aq or 
NaCjHjOjAq, and acetic acid are added to the 
filtrate, which is then ppd. bj’ H,.S ; it is advi- 
sable to ppt. fractionally and to continue until 
the filtered liquid ceases to show Ga lines in the 
spectroscope ; if the filfrate from the last batch 
of pp. shows the lines of Ga, a zinc salt must be 
added and the process of ppn. repeated. The 
np. by H^S, which contains all the Ga, is well 
washed and then dissolved in HClAq ; the Ga is 
then ppd. by one ofethe following methods : (1) 
the solution is boiled with as small an excess of 
Zn as suffices to ppt. the Ga ; (2) the solution is 
boiled till H.S is #11 off, and then fractionallv 
ppd. by NHjAq or NaOHAq ; (3) H,S is removed/ 
and Ga oxide is ppd. by addition of BaOO| or 
CaOO,. The crude Ga oxide obfained by one of 
these methods is washed and dissolved in HOlAq ; 
some Na-SO, is added (to reduce FeCl, to FeCl,), 
and the liquid is boiled for some time ; excess of 
CaCO, is then added, and the liquid is filtered at 
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onoe» as far a/" possible oat of oontaot with air; 
this treatment is repeated t^oe; the greater 
part of the imparities is thns removed. The 
ppd. Ga oxide mixed with OaCO, is dissolved in 
HGlAq ; NH^q is added in excess, and the liquid 
is boiled until it shows an acid reaction, water 
being added from time to time ; the pp. is dis- 
solved in H 2 S 04 Aq, and the Uqaid is evaporated 
until white fumes come off; the last traces of 
chlorides are thus removed. To the sulphate is 
added considerable excess of pure EOH (free 
from chloride). After gentle warming the liquid 
is filtered (oxides of Fe and In are thus removed), 
and the strongly alkaline liquid is electrolysed, 
Pt electrodes are used, and the positive plate 
should be 6 to 10 times larger than the negative. 
The Ga is removed by the finder from the Pt 
plate under warm water, and allowed to stand for 
an hour or two in water acidulated with pure 
HCl, and then in dilute pure potash solution for 
a little at 60°-60°; it is then washed with water. 
2. Iron may be used in place of zinc to effect the 
reduction of the solution of the blende ; only a 
little Cd, Pb, <feo., are thus ppd., so that the first 
filtration is omitted. The liquid containing Fe 
is boiled till a white pp. forms, CaCO, in slight 
excess is added, and the liquid is filtered at once. 
The pp. is dissolved in HClAq, and the liquid is 
reppd. by CaCO„ Na^SO, being added to prevent 
oxidation of ferrous iron. Finally the pp. is dis- 
solved in HGlAq, and oxides of Cr and A1 are 
removed by one of the following methods: 
(1) tartaric acid and a Mn salt are added, and 
then excess of NH,Aq; addition of NH^ sulphide 
then ppts. MnS, and with it all the Ga; this 
treatment is repeated two or three times ; the 
pp. is then dissolved in HClAq, digested when 
cold with CaCOj, and the ppd. Ga oxide mixed 
with CaCO, is heated as directed in 1 ; (2) K^FeCy, 
is added to the solution in HCl; the pp. is 
washed with water containing i to ^ its weight 
cone. HClAq; tiie ferrocyanide pp. is then dried 
and fused with KHSO^, and the fused mass is 
treated with wate^; to the solution excess of 
NH,Aq is added, and it is then boiled for some 
time; the pp. is washed and dissolved in HClAq, 
and this liquid is treated with NajSO, and CaCO, 
as directed in 1. 

Properrics.—A grey metal, with greenish-blue 
reflection; fairly hard; crystallises in quadratic 
ootahedra ; brittle, but may be hammered into 
thin plates, which can be bent without breaking. 
When melted, is a silver-white liquid with 
faint red^sh reflection. It melts at 30*15'’ and 
remains liquid nearly to 2® ; if a small piece of 
solid Ga is placed in the liquid metal below 
30*15® the whole solidifies; metals other than 
Ga fail to produce solidification. According to 
J. Begnanld, liquid Ga is electronegative to solid 
Ga (C. iJ. 86, 1467). Ga is unchanged in air oL* 
boiling water. Heated in air to lull redness it 
does not volatilise, and is tixidised only super- 
ficially. It is superficially oxidised when heated 
to redness in dry 0. The atomic weight of Ga 
has been determined (1) by Converting a known 
mass of the metal into oxide (De Boisbaudran, 
0. R. 86, 941) ; (2) by strongly heating galliuna- 
ammonium aii& (De B., from determi- 

nations of the V.JD. of GaOl,, GaCl, (Nilson a. 
Pettersson, C. /. Trans. 1888. 822) ; (4) by deter- 
mming S.H. of Ga; (5) hjT establishing that 


Ga-NH 4 sulphate is isomorphous with alum, 
and hence assigning a formula to the Ga com- 
pound (v. also Ghmical relations of Oallium). 
As the chlorides GaOl, and GaCl, have botn 
been gasified (Nilson a. Pettersson, 0, Trans. 
1888. 822) the atom of Ga appears to be both 
divalent and trivalent in gaseous molecules. 

Reactions. — 1. Heated to full redness in air, 
or oxygen, Ga is superficially oxidised.— 2. Does^ 
not decompose water at 100®. — 3. Dissolved* 
slowly by hydrochloric add with evolution of H. 
4. Warm nitric add dissolves Ga, forming 
nitrates— 6. Slowly dissolved by potash solution, 
also by ammonia.—^. Combines rapidly with 
chlorine at ordinary temperature, more slowly 
with hroynine, and with iodine only when heated. 
7. Alloys very easily with aluminium ; the alloys 
decompose cold water rapidly. 

Separation and Estimation of Oallium ; v. 
De Boisbaudran, C. R. 93, 816 ; 94, 1154, 1227, 
1439, 1625; 96, 157, 410, 603, 703, 1192, 1332. 

Chemical relations of GaZ/inm,— Gallium is 
the fourth member of Group III., in the group- 
ing of the elements according to the periodic 
law. When Mendelejeff published his first ex- 
tensive memoir on the periodic law, he was 
obliged to leave the positions III.-4 and III.-6 un- 
filled; none of the known elements could be 
placed in either of these places. Mendelejeff, 
however, predicted the properties of the elements 
which would be discovered to fill the vacancies. 
One of the two unknown elements was assigned 
a place in series 6. Now the differences between 
the values of the atomic weights of the elements 
in series 3 and 6, beginning with Group I. (and 
omitting Group III. as the unknown element we 
are considering is placed in that group) are, 40 
in Group I., 41 in Group II., 44 in Group IV., 
44 in Group V., 47 in Group VI., and 44*6 in 
Group VII. Hence, it was argued, the differ- 
ence will be about 42 in Group III. ; but the 
element in ni.-3 is A1 with at. w. 27 ; hence the 
unknown element in IIL-5 will have an at. w. of 
about 27 -t- 42 « 69. By tabulating the differences 
between the atomic weights of elements in series 
4 and 6, of course omitting Group HI., the 
following numbers are obtained ; 24, 26, — , 24, 
24, 27, 26. Hence in Group III. the difference 
will be about 26 ; but there was a gap in series 
4 Group III., hence it was necessary first of all 
to calculate a value for the at. w. of the jnknown 
element which ought to find a place in III.-4, 
and then to add 25 to this value. The result 
was that the element in III.-4 should have the 
at. w. 44 ; hence, 44 -f- 25 - 69. Having thus de- 
tvjrmfhed the at. w. of the element which would 
bo placed in in.-6 when it was discovered, Men- 
delejeff proceeded to determine the properties of 
this element by studying (1) the properties of 
the members of Group III., (2) the properties of 
the members of series 6, (3) the relations between 
Group III. as a whole and other groups, especi- 
ally considering the position of the group in the 
complete scheme of classification, and (i) the 
relations of series 6 to other series. Group III. is 
on the whole composed of metals; the only 
decided non-metal is B ; but B is succeeded by 
the metal Al. As the unknown element would 
come next but one to Al, and would be followed 
by Y, La, In, Yb, Tl, it would certainly be a 
metal, and would resemble Al generally. Then 
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fonsideiing that the unknown element would 
follow the metals Ou and Zn, in series 5, and 
would be followed by the element As which is 
both metallic and non*metallic, As being suc- 
ceeded by the non-metals Se and Br, it might 
safely be asserted that the unknown element 
would be metallic, but probably less metallic 
than Ou and Zn. The composition and proper- 
t ties of the compounds of the A1 group of ele- 
ments determined the general composition and 
properties of the compounds of the unknown 
metal ; it would form an oxide MjO,, a chloride 
MjCl, or MClj, it would form salts * MjSSO^, 
M3NO„ &o. Then, considering the position of 
the element as regards Al, it was argued that the 
relations of this body, when discovered, to Al 
would be somewhat similar-to those of Zn to Hg, 
or As to P, or Se to S. But as Zn is less like 
Hg than As is like P, and as As is less like P 
than Se is like S, it was concluded that the re- 
semblance between the new element and Al 
would be fairly close, although not quite so 
marked as that between As and P, or Se and S ; 
hence, it would probably form an alum. .Guided 
by such reasoning as this, Mendelejeff was a‘ble 
to tabulate precisely the properties of the ele- 
ment which he placed in III.-5, and to which he 
gave the name of eka-aluminium. The proper- 
ties of gallium were found to agree extremely 
closely with those of eka-aluminium (o. table in 
vol. i. p. 352). 

Lecocq de Boisbaudran calculated the at. w. 
of Ga by comparing its spectrum with those of 
analogous elements, and comparing this result 
with the spectral relations of similar elements, 
the at. ws. of all of which were known. The at. 
ws. of thtf three similar elements K, Eb, Os, show 
the following relations 

At. w, Dlfferencet 


K. . . 39-1 
Bb . . 85*36 
Cs . . 133 


46*26 

47*64 


1*38 


The increase in at. w. from Kb to Os «■ increase 
from K to Bb X 1 -f *02983. Then comparing the 
wave-lengths of the chief pairs of lines in the 
spectra of these three elements, we get this 


result ; — 



■Wave-length* 

Mean* 

Differences 

V 

^ • * 6812/ 

5821 

429 

• 62971 

* 6203/ 

6260 

699 

Ca 

^8 • * 6723/ 

6849 


The increase in wave-length from Hb tc^Cs 
" increase from K to Bb x 1 + *3963. 

Turning now to the three elements of which 
Oa forms the middle mefhber, we have : — 

At. w. Differences 


Al . . . 27-6'j 
Ga. . . ? } 

In . . . 118-5 j 


t86’0 


And tabulating the wave-lengths of the principal 
pairs of lines, wo have 

■Wave-lengths Means Difforenoei 

8968 1 


Al . 


Ga. 

In. 


■8944/ 

41701 
' 4031/ 

,««} 4806 


4100 


147 

206 


69 


The increase in the wave-length from Ga 
In •• increase from Al to Ga x 1 -f -4014. Thei 
if it is assumed that the increase in wave-lengtl 
(\) is related to the increase in atomic weight ^ 
similarly in both sets of elements, we have thi 
statement:-— 

to Cs : oE to Cs « aAI to In : oAl to In 
•3963 : *02983 - -4014 : « 

and® « -030214. 

Now, putting the difference of at. w. betweei 
Al and Ga as A, the difference between Ga ani 
In as B, we find that B = A(1 -f *030214) ; and ai 
Ax (2 -h -030214) = 86, it follows that A » 42*86 
and B = 48*64: hence the at. w. of Ga is founc 
to be m 27*5 -f-*42*36 = 69*86, and (2) 113*5-48-64 
=* 69*86. The observed at. w. is 69*9. 

For thf* properties of the elements of Group 
HI., to which Ga belongs, v. Earths, mstals oi 
THB, pi»424. 

Gallium bromides. Ga and Br combine di- 
rectly to form a colourless crystalline mass, 
which is less volatile than GaCl,. Probably two 
bromides, GaBrj and GaBrj, are produced ; but 
they require further investigation. 

Gallium chlorides. Two are known, GaCl, 
and GaCl,. Both have been gasified. 

Gallium dichloridk GaClj. Mol. w. 140*64. 
V.D. at 1000°-1400° 60*6 (Nilson a. Pettersson, 
(7. J. 63, 825). Prepared by heating Ga in Cl, 
keeping the metal in excess ; or better, by heat- 
ing GaOlj with Ga for a long time, and then dis- 
tilling in dry CO, (N. a. P., l.c.). White'transpa- 
rent crystals, melting at 164°, and boiling at o. 
635°. When melted it may be kept for a long 
time without solidifying. Vapour fumes in the 
air. Deliquesces in moist air to a clear liquid ; 
addition of water causes ppn. of a grey solid 
(? oxychloride or suboxide, or GaCl v, N. a. P., 
t.c.), and evolution of H. Solution of GaCl, in 
HClAq reduces KMn 04 Aq. At a white heat 
GaCl, appears to decompose into Cl and a lower 
chloride (N. a. P., l.c.), * 

Gallium tbichlorlde GaCl,. Mol. w. 176*01. 
V.D. 440° to 0 . 1000° 89; at 350° V.D. = 128 
(Nilson a. Pettersson, C. J. 63, 824). VJD. 237°- 
307° 161*6; at 377*6° V.D. = 113*2 (Friedel a. 
Crafts, G. R. 107, 306). These results point to 
the existence of GajCl, at c. 250°, and to the 
gradual dissociation of this molecule into GaCl,. 
S.G.^2*36. , 

GaCl, may be prepared by heating Ga in 
excess of Cl, and distilling the product in N, or 
by heating Ga in dry HCl gas free from air. It 
forms long white needles, which melt at 75*6® 
and boil at c. 216°-220°. When melted it re- 
mains liquid at temperatures below its m.p. 

^ Molten GaCl, absorbs gases readily, e.g. N 
and Cl, and gives ^em off again on orystalliBing. 
It is deliquescent in moist air; dissolves in 
water with production of much heat. When 
this solution is evaporated an amorphous mass 
*i8 obtained, which absorbs moisture and becomes 
gelatinous. When this gelataious substance was 
kept in closed tubes for several years small 
crystals were obtained having the composition 
Ga,Cl,.Ga,0,.13HjO (L. de B.). At about 1100° 
GaCl, begins to decompose into Gad, and Cl 
(N. a. P., /.c.). 
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Oallinm ferrooyftnide is ppd. as a white salt 
by ^ding K^FeCy^Aq to solution of GaCL. Com- 
position not determined. 

Oallinm iodides. Two probably exist, cor- 
responding with the two chlorides ; but they have 
not been thoroughly investigated. Ga and I 
combine when heated together. • 

Oallinm oxides. Two probably exist. 

Gal^m uomoxidb (? GaO) is probably formed 
by heating GajO, to redness in a stream of H. 
The substance thus formed is a greyish-blue 
mass, which dissolves in HNO^Aq and in dilute 
HGlAq; the solution in HClAq decolourises 
KMnO,Aq. 

Gallium besqdioxiiJb Ga-jOj^^ White solid, 
formed by heating Ga3NO,. Dissolves in acids 
to form Ga salts. Does not melt at white heat. 
Beduced to Ga by H at a high temperature. 
S.H. *1062. Hydrated gallium oxide (? GaOjHa) 
is ppd. from solutions of Ga salts by carbonates 
and bicarbonates of the alkalis. It is sol. in 
excess of the pptant., more sol. NHjAq and 
(NHJ.^COjAq, and v. sol. KOHAq. 

Oallinm, salts of. Only a few salts have 
been prepared. The chief are Ga3NO, and 
Ga^SSO^ h . Nitrates and Sulphates). They are 
obtained by dissolving Ga^Oj in acids and evapo- 
rating. The sulphate forma an ammonia-alum 
Ga,3S0,.(NH,)2S0,.2lH,0. 

Sulphydric acid does not ppt. Ga salts. If, 
however, the solution is alkaline, or is acidified 
by a weak acid, and a metal is present whose 
salts are ppd. by H.^S, e.g. Zn, then the Ga is also 
ppd. Potash ppts. Ga salts ; the pp. is e. sol. 
in excess of the pptant. Potassium ferrocyanide 
gives a pp. with so little as part of a 
Ga salt in an HCl solution. Barium carbonate 
ppts. Ga,Oj in the cold. Zitic does not ppt. Ga 
from acid solutions ; but as soon as the acid has 
been neutralised by the Zn white flocks of Ga.^Oj 
ppt. 

Gallium lulphid^. The white pp. obtained 
by passing HjS into a oonc. solution of GaCL in 
NH^q, to which NH^ tartrate has been added, is 
probably a sulphide of Ga. M. M. P. M. 

GALLOCABBOXYLIC ACID v. PvRooALiiOL- 

DX-OABBOXVLIC ACID. 

GALLOCYANINE OjjHjjNjOj. Formed by 
heating gallic acid and the hydrochloride of 
nitroso-diinethyl-aniline in an alcoholic or HOAc 
solution (Nietzki a. Otto, B. 21, 1740 ; cf. Pabst, 
Bl. [2] 38, 1C2 ; Kfichlin, G. N. 47, 170), Shiny 
green needles, almost insol. water, alcohol, and 
HOAc. Sol. alkalis with reddish colour. Cone, 
acids dissolve it with reddish- violet colour. The 
salts so formed are decomposed by water. Dyes 
wool, mordanted with chromium, bluish-violet. , 

Anilide Lustrous green 

needles. « 

Methyl ether 0,jH„N,0jMe. 'Primed 
Formed by the action of nitroso-dimethyl- 
anJline hydrochloride on the methyl ether o( 
‘gidlio acid. Is more basic than gallocyanine 
and forms a crystalline hydrochloride. Dyes 
cotton, mordanted with tannin, or wool or cotton 
mordimted with chromium, bluish-violet. 
Di-acetyl derivative of the methyl ether 
iMeAo,. Small greenish needles (from 


GAIXOFLAVIN OnH^Oit Obtained by dis- 
solving gallic acid (60 g.) in alcohol (876 o.o.) 
and water (1000 c.c.), cooling to 0®, adding 135 o.o. 
of 28p.o. aqueous KOH, and passing air through 
the solution (Bohn a. Graebe, B. 20, 2827). 
Greenish-yellow plates, si. sol. water, alcohol, 
and ether. Dissolves in alkalis and their car- 
bonates forming yellow solutions. Dyes wool, 
mordanted with chromium, yellow.— C,3H4K.^O»:' 
greenish-yellow crystals, v. si. sol. cold water ; 
boiling water liberates free galloflavin. 

Acetyl derivative O.MAqX)^ [230®]. 
White needles, v. sol. HOAc. 

Ghloro-acetyl derivative 
C,3H,(C,C1H,0)40,. [212°]. 

GALLOL C,oH,gO, i.e. 

0<;c;h'( 0H)|>CH.0.H..CH,.0H. Fonnea by 
reducing gallem (g. v.) with zinc-dust and dilute 
R,H04 (Baeyer, B. 4, 666; Buchka, A. 209,264). 
Crystals, changing in the air to a reddish powder. 
SI. sol. cold water and ether, v. e. sol. alcohol. 

Penta-acetyl derivative C^oHisACjO,. 
[230°].* 

GAMBOGE. A gum-resin which appears to 
be produced from stalagmites cambugwides, a 
tree growing in Siam. It contains about 72 p.c. 
resin and 20 p.c. gum. Its powder is yellow. 
It is a drastic purgative. It dissolves in alcohol 
and ammonia ; the ammoniacal solution gives a 
red pp. with BaClj, and yellow pps. with ZnSO,, 
with lead salts, and with AgNO,. Ether extracts 
a red resin which forms a yellow powder; it de- 
composes boiling alkaline carbonates forming 
red salts (Buchner, A. 45, 94 ; Christison, A. 76, 
344 ; Costelo, Ph. [3j 9, 1022). Potash-fusion 
gives phloroglucin, acetic acid, isouvitio acid 
C,H304, and pyrotartaric acid (Hlasiwetz a. 
Barth, A. 138, 61). 

GAEDENIN [164°]. Extracted 

from ‘dekamali,’ a resin from Gardenia lucida. 
After removing the volatile oil by distilling with 
steam, the residue is extracted with weak spirit, 
from which gardonin crystallises on cooling. It 
may be purified by successive crystallisation 
from benzene and petroleum spirit (Stenhouse 
a. Groves, C. J. 31, 661 ; 36, 689 ; cf. Fluckiger, 
Ph. [3] 7, 589). Deep yellow crystals. Almost 
insol. water, m. sol. alcohol. Insol. alkalis, sol. 
hot HGlAq. Its solution in HOAc '\30 pts.) 
treated with HNO, (S.G. 1'45) gives gardenic 
acid. 

Gardenic acid CnHjoOg? [c. 223° J. Deep 
crimsqn needles, insol. water, light petroleum, 
CSj, and almost insol. ether and benzene. Sol. 
alkalis. 

Acetyl derivative 0,4H3AoaO,. [244°]. 

Formed by the action of glacial acetic acid. 
Insol. water, light petroleum, and CS,. Almost 
insol. ether ar^d benzene. Sol. alkalis. 

Hydrogardenio acid 0,4H,404. [190°]. 
Formed by the action of H,SO, on gardenic acid. 
Flat nee^es. May be re-oxidised to gardenic 
acid. 

GAELIC OIL. Contains ally! sulphooyanide 
Wertheim,A.61,289) and a sesquiterpene 
264°) (Beckett a. Wright, 0. J. 29, 1). 

GA^YINE. A substance crystallising in 
cubes and ooonrring in the leaves and roots of 
Qairrya FremonH. It is sol. ^ter and alcohol 
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i&d gives a purple colour with H^SO. (Ross, Ph. 
[S' 8, 489). * » 

'0A8ES, ABSORPTION OF. The more im- 
portant chemical aspects ol the absorption of 
gases are treated in the article Dissociation; 
V. especially pp. 395-399. 

OASES, ANALYSIS OF, v. Analysis, vol. i. 
pp. 232-247. 

GASES, COMBINATION OF, BY VOLUME, 

V. Combination, chemical, laws op, pp, 236, 238. 

OASES, DIFFUSION OF, v. Diffusion, 
p. 884 ; and also Physical methods. 

GASES, TRANSPIRATION OF. The rate of 
flow of gases through capillary tubes is generally 
called the transpiration of gases. Jdoasurements 
of transpiration-constants are more important in 
physical than in chemical inquiries. 

GASIPElNE, a misprint fnr Galipeine. 

GAULTHERIA OIL, or Oil of Wintergreen, is 
obtained from the leaves of QauUheria procum- 
bens, growing in New Jersey, by steam distilla- 
tion. It consists of methyl salicylate (222°) 
mixed with a small quantity of a terpene C,oH„ 
(160°). V.D. 4-92 (Cahours, A. Gh. [3] 10, 327 ; 
Procter, J. Ph. [3] 3, 276 ; A. 48, 66 ; Biedcr- 
mann, B. 8, 1677). 

OEISSOSPERMINE C.JLjNA- [1^0°]. 
Wd- -93-4° in a 1-6 p.o. solution at 16°. An 
alkaloid occurring in the Pereira bark (Hesse, 
A. 202, 143; B. 10, 2162). Small white prisms 
(containing aq), sol. dilute acids but reppd. on 
neutralisation. Hi. sol. ether. Forms a purple 
solution in cone. HNOAq* It does not reduce 
HjPtCl^ (Wulfsbcrg, Ph. [3] 11, 269). It gives 
pp’s, with H^^Clj, with K.CrD;, with potassio- 
inorcurio iodide, and with potassium picrate. 

Salt£ft— B'JId'tCl,. : yellow flocculent pp.— • 
Aurochloride: brown amorphous pp.— 
Oxalate: minute needles. — Sulphate: white 
needles, ‘ 

GELATIN V. Proteids, Appendix C. 

GELOSE Forms the essential con- 

stituent of China moss or Hai-Thao (Payen, 
C. R. 49, 621 ; Morin, G. R. 90, 924). Used 
for finishing cotton goods (Heilmann, Jp. P. J. 
218, 622), When dissolved even in 500 
times its weight of water it forms a jelly on 
cooling. After drying it is imsoh cold water, 
alcohol, ether, weak alkalis or acids, and 
Schweizer’s solution. Dilute HNO, oxidises it 
to mucic acid. Its aqueous solution is ppd. by 
alcohol. Dilute IICI, acetic acid, and oxalic 
acid deprive it of its property of gelatinising; 
heating with water under 6 atmospheres’ pres- 
sure has a like effect. A 10 p.c. aqueoii^ solu- 
tion is IflBvorotatory, [a]= -4° 16’ ; but boilfng 
acidulated water slowly changes this to a nearly 
equal dextrorotation, th» resulting solution re- 
ducing Pehling’s solution, and being no longer 
ppd. by alcohol. By treating gelose with water 
at 100° Porumbaru (0. R. 90, 1011) got a lajvo- 
rotatory sugar CgHijO^aq. 

GELSEMINE C.^,H,sN,0,. S. (ether) 4. May 
be extracted by alcohol from the root of 
Oelsemium sempervirens (Worraley, Ph. [3] IS, 
106 ; Gerrard, Ph. [8] 18, 602, 641 ; Robbins, B. 
9, 1182 ; Thompson, Ph. [3] 17, 803). Amor- 
phoufl solid, melting below 100°. SI. sol. water, 
ra. sol. alcohol, v. sol. ether and chloroform. 
Its solution has a bitter t^ste and is strongly 
alkaline. It if very poisonous, producing con* 
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vulsions. Its hydrochloride is ppd. by the usual 
reagents for alkaloids. Cone. H,S 04 gives a 
greeniah-yellow solution soon turning reddish- 
brown; on adding a cherry-red colour 

turning to bluish-green appears. HNO, turns it 
green. 

. Salts.— B'HCl: amorphous. — B'^,Pt01, ; 
amorphous. Using the formula C 54 H„,N^O,y 
Thompson describes the salts B'HgCl,, 
B'(HAuGl,).^, and B'.,(H,,PtCUg. 

Gelsemmine. A resinous alkaloid which, 
according to Thompson, accompanies gelsemine. 

Gelsemic acid. An acid which, according to 
Wormley, occurs in Gelseminm sempervirens and 
may be extracted by etlier from the acidulated 
root. It dissolfres in 2,912 pts. of water and in 
330 pts. of ether. HNO., turns it yellow, the 
solution becoming deep red on addition of am- 
monia. Gelsemic acid forms fluorescent solu- 
tions and is perhaps identical with tesculin. 

TRPGENIC ACID v. Ethylidbne-biueet. 

GENTIANIN C^H.^O, i.e. 
CgH,(OH).,.CO.C(,H.^MeO.^. Gentisin. Oentianic 
acid. The colouring matter of the root of 
Oentiana lutea growing in Switzerland and the 
Tyrol and used as a tonic (Henry a. Caventou, 
J. Ph. 7, 173 ; Baumert, A. 62, 106 ; Tromms- 
dorff, .4. 21, 134; Leconte, A. 25, 202; Hlasi- 
wetz a. Haherrnann, B. 7, 652 ; A. 175, 63 ; 180, 
348). Pale-yellow needles, v. si. sol. water, m. 
sol. ether, v. sol. boiling alcohol. Neutral to 
litmus. Alkalis dissolve it, yielding a deep 
golden solution. Between 300° and 340° it may 
be partially sublimed, but the greater part is 
carbonised. It is not attacked by dilute acids. 
Cone. HgSOg forms a yellow solution. HNO, 
(S.G. 1-43) forms a green solution from which 
water throws down green 0 , 4 H,(NO,)jOjaq. 
Fuming HNO, appears to form C,,H;(NO,)jO,. 
Potash-fusion splits up gentianin into phloro- 
glucin, gentisicacid, and acetic acid. Gentianin 
reduces AgNO,. Sodium-amalgam forms 0 „H ,,04 
an amorphous red body. 

Salts.— KHA"aq.— 2aq. — 
KJLA'\17aq.— NaHA"2aq : golden needles.— 
Na.H,A",aq. — NajII.gA"; 2aq. — BaA''aq. — 
PbA'Tb(OH),. 

Acetyl derivative C,,H^Ac_;Oj. [196°]. 
Slender crystals (from alcohol), 
i GENTIANOSE [210°]. Prepared 

from the juice of Gentuina lutea (taken in 
September) by exhausting with alcohol (95 p.c.) 
and fractionally ppg. with •ether (A. Meyer, 
H. 0, 135). Colourless tables with sweet taste. 
Sol. water. Its aqueous solution is fermented 
by yeast. It is charred by H^SO^. It does not 
reduce Fehling’s solution. It is dextrorotatory. 

GENTIOPICRIN C,„H,oO,2‘ [121°-126°], 

Occurs in the root of Gentiana lutea (Kromayer, 
^Ar. Ph. [2] 110, 27). Needles ; v. sol. >vater, si. 
Bol. alcohol, insol. fther ; tastes bitter. Reduces 
hot ammoniacal AgNO,. Does not reduce Feh- 
ling’s solution. Split up by dilute acids into 
amorphous gentj^genin CnHigO, suid a fer- 
*mentable sugar. * 

•GENTISIC ACID v. Di-oxy^benzoio acid. 

OENTISIC ALDEHYDE v., Di-oxt-benzoio 

ALDEHYDE. 

GENTISIN V . Gentianin. 

GEOLOGICAL CHEMISTRY. Sinoa geology 
if a science which deals primarily with «on« 
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Btitatlon and h'isiory of the earth, it ia evident 
that there must be many points at which 
it^ comes into relation, dkectly or indirectly, 
with chemistry. Much of geological science is 
devoted to the study of rocfcs, or those large 
masses of mineral matter which build up the 
erust of the earth. The phemist is of service t(v i 
the geologist not only in analysing these rocks, 
or the mineral species of which they are composed, 
but in explaining some of the processes by 
which the rocks themselves may have been 
originally formed, and in tracing the nature of 
the alterations to which they have been subjected 
since their formation. Hence the geological 
chemist gives special attention to those natural 
processes of rook formation in j^hich chemical 
reactions are involved, and he endeavours to 
imitate the operations of nature by experiment 
in the laboratory. The experimental method 
was first introduced into geology by Sir James 
Hall, of Dunglass, who, in order to explain the 
origin of certain crystalline limestones, subjected 
pounded chalk to a high temperature in closed 
gon-barrels, and obtained, under certain con- 
ations, a crystalline mass of carbonate of cal- 
cium somewhat resembling a saccharoidal marble 
(T. E. 6, 101, 121). It must be remembered, 
however, that much of the experimental work 
recorded in the literature of chemical geology 
refers to the synthesis of minerals rather than 
of rocks. A rock may, it is true, be composed 
of only a single mineral, but in most cases a i 
rock is an aggregate of several distinct mineral 
species, and although the synthesis of each con- 
stituent may be successfully effected, it by no 
means follows that this work will throw light 
upon the origin of the composite rock. (For an 
excellent account of the present condition of 
mineral synthesis, see M. L. Bourgeois, Repro- 
duction artificielle des mirUraux^ in Fremy’s 
Ency. Ch, 1884 ; and Fouqu6 and L4vy’s Syn- 
thise dcs Miniroux et des Roches^ Paris, 1882.) 

Analysis of Rocks, — The simplest 
method is of course to analyse the rock as a 
whole, and in the case of a very fine-grained rock 
in which it is impossible to separate the mineral 
constituents individually, this ia the only avail- 
aUe method. The inteipretation of the results 
of such an analysis requires, however, consider- 
able sagacitv, more especially if the constitution 
of the rook be complex. Two rocks, distinct in 
composition, such as a granite and a trachyte, 
may give the saoie bvdk-analyBia, while two 
rooks of similar mineral composition may yield 
different analyses. When the oxygen ratio, or 
quantinrient ratio, of a '/ock is known, as also 
&at of each of its mineral components, it may 
be possible to calculate the percentage of each 
mineral in the rook (v. S. Haughton, Quart, 
Joum. Geolog, 8oe. 18, 418), 

Methods.^ fractional anqlysis have been in- 
troduced for the purpose of effecting a chemical 
separation of the constituents of c^ain rooks. 
Omelin, in his analyses of pho^lites, was perhaps 
the first to separate the part soluble in hydro- ’ 
ehlorio acid from that which was insoluble, and 
to analyse each^ separately. Grave objections 
may, however, be urged against this method, and 
it is now rarely nsel More trustworthy results 
have been obtained by treating the rook, if com- 
posed ol firioQs siUeates, with hydrofluoric acid, 
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which attacks the several minerals in unequal 
degree. Such a method is sometimes useful in 
controlling a bulk-analysis. 

Of late years considerable use has been made 
of certain dense liquids for the purpose of effect- 
ing the mechanical separation of the minerals 
which compose a rook, in order that each con- 
stituent may be isolated in a state of purity for 
separate analysis. The S.G. of the liquid is so 
adjusted that when the rock is coarsely powdered 
and thrown into the liquid certain of the minerals 
float while others sink. Several such liquids 
are now in common use in the geological labora- 
j tory (v. J. W. Judd, Proc, Qeohg, Assoc, 8, 278 j 
and F. Rutley, Rock-forming Minerals^ London, 
1888). 

Sonstadt’s solution, recommended by Church, 
consists of a solution of Hgl^ and KI ; it may 
be obtained with S.G. 3-196 (G, N. 29, 127; 
Neues Jahrb, f. Min., Beilage 1, 179). It ia also 
known as Thoulet’s solution. If a rock con- 
sisted of plagioclase with S.G. 2*7 and augite 
with S.G. 3*1, and these minerals were set free 
by mechanical disintegration of the rock, a com- 
plete separation might readily be effected in 
Sonstadt’s solution with S.G. of about 3. The 
poisonous and corrosive character of the solu- 
tion, however, tends to limit its use. Klein's 
solution is a boro-tungstate of cadmium, less 
dangerous than Sonstadt’s, and capable of at- 
taining to a higher S.G., the maximum being 
about 3*6. The solution has, however, the dis- 
advantage of being decomposed by carbonates, 
and therefore if these be present in the rock 
they should be removed beWe the solution is 
used {Bull, 8oc. Min. France, 4, 149). Rohr- 
bach’s solution resembles Sonstadt’s,** but con- 
tains Balj in place of KI ; its maximum S.G. is 
3-68. It is unfortunately decomposed in the 
presence of water, so that all minerals used 
must be perfectly dried {Neues Jahrb. 11, 180). 
Brauns has recommended the use of methyl 
iodide, which has S.G. 3*337 at 10 '. Br6on ad- 
vocates the employment of fused PbCl,, either 
alone or mixed with ZnClji but though by 
properly adjusting the proportions of the con- 
stituents it may be prepared of high S.G., its 
use in a state of fusion is attended with much 
inconvenience {Bull. Soc. Min. France, 8 , 46). 

The S.G. of a heavy solution may be con- 
veniently determined by means of Weftphal’a 
hydro-balance {Neties Jahb. f. Min. 2, 87). 
The S.G. of very small fragments of minerals 
and rocks may thus be accarately taken : the 
fragments are placed in the dense solution, which 
is lihen diluted until they remain suspended in- 
differently in any part of the liquid (v. also 
W. J. SoUas, Proc.R, Dublin Soc., Jan. 19, 1885). 
The separation of one mineral from another, 
when in small particles, is best effected in a 
special type of separating funnel, devised by 
Harada and improved by Brfigger. (For the 
subject generally v. Rosenbuscb, Mikroskop. 
Physiog. 2 Aufl. Bd. i. [Stuttgart], 1886, pp. 194, 
216 ; English translation by Iddings, 1888. p. 
91.) 

The meebanioal separation of the constituent 
minerals of a rook, prerious to chemical analysis, 
is aided by the use of a powerful mojgnet. With 
an electro-magnet of great power, silicates rich 
in iron, such as hornblende, augite, and biotiU, 
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may be picked out ol the pulveriaed rook (Fouqu6 
a. L6vy, Min. Micrograph. [Paris, 1879J, 116). 
(For a large ooUeotion of analyses of rooks con- 
sult J.Eoth,2>ie Qesteins-Analysen [Berlin, 1861], 
and his Bdtritge, 1873-84.) 

Micro - chemical examination of 
VO the. — The miorosoopio examination of thin 
sections of rocks, which forms an important 
branch of modern petrography, has led to the 
introduction in recent years of certain micro- 
chemical tests for distinguishing one mineral 
species from another. The micro-chemical me- 
thods do not aim at effecting a complete analysis 
of the microscopic constituents of a rock, but 
are used rather for the purpose of controlling 
optical determinations. 

The rock may be coarse]y powdered in a steel 
mortar, and the particles tg be examined after 
separation of the fine powder by a sieve may bo 
picked out by aid of the forceps, or if too small 
maybe removed on the point of a needle moistened 
with glycerine, from which the accumulated grains 
may be detached by dipping the needle into water. 
Any steel particles derived from the mortar may 
be separated by a magnet. In other cases the 
constituent minerals are so minute that it becomes 
necessary to prepare a thin section of the rock 
and subject it to examination under the micro- 
scope. By means of a needle, the grains to be 
examined may be picked out from the section. 
It is convenient for the operator to commence 
by detaching the fragments near the edge, and to 
work patiently thence towards the centre of the 
section. The section is, of course, not protected 
by a cover-glass; and the Canada balsam by 
which the slice is cemented to the glass is dis- 
solved ofif by treatment with alcohol. 

In some cases the particles to be examined 
cannot conveniently be separated, and it then 
becomes necessary to attack the mineral in the 
section itself. The particular mineral to be tested 
is brought into the field of the microscope, and 
a perforated cover-glass is then drawn over the 
seoiion in such a way that the mineral is just 
under tho perforation. Through this aperture 
the balsam is dissolved, and the mineral exposed 
ready for attack by the reagent. If hydrofluoric 
acid is to be used the section is covered with a 
perforated slip of platinum foil instead of a cover- 
glass. By means of a pipette a drop of the solvent 
is lod^d on the slide, and the liquid may then be 
conducted to the mineral exposed at the aperture 
by the point of a platinum wire. 

The general method in these micro-chemical 
reactions is to produce certain compounds which 
present distinctive crystalline forms capabte of 
recognition under the microscope. In Boricky’s 
method the microscopic minerals are attacked with 
HjSiPjAq, which forms a series of crystallised 
silicofluoridos, many of which are sufficient!^ 
characteristic in form to be re^ily recognised. 
Uncertainty is, however, introduced by the fact 
that several of thesilioofluoridesareisomorphous. 
Behrens attacks the rook with BGPAq, and treats 
the product with H,SO,Aq. In Streng’s pro-* 
cesses most of the salts crystallise out as chlorides. 
For the special reactions, and for figures of the 
microscopic crystals produced by these reactions, 
reference may be made to Klement a. Benard, 
Ructions Jlfu;rocWmiq^,Bru88els,1886; Haus- 1 
hofer, ififcfos&qpMc/wBeacfwM^n, Munioh,l886t | 
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Behrens, Mihrochemische Meth^Un iurMineraH^ 
analyse, Vers, en Med. d. k. Ak. Wetenseh., 
Amsterdam, 1882 ; and O. Borioky, Elements 
einer neuen chem.-mik. Min.- u. Oesteinsanatyee 
Arch. d. naturw. Landesfor. v. B5bmen, Prague, 
1877. 

The geological chemist is often called upon 
to decide the nature of a given felspar in a rook, 
and for this purpose the method introduced by 
Szab6 of Budapest is convenient. An extremely 
small particle of felspar is introduced into the 
flame of a Bunsen burner provided with a special 
chimney of sheet-iron. The proportion of soda 
or potash may be approximately determined by 
comparing the extent of the yellow or red coloura- 
tion with the standard plates issued by Szab6. In 
experienced htnds this process yields remarkably 
precise results {v. Szab6, Ueber eine netie Methods, 
die Feldspathe in Oesteinen eu hestimmm, Buda- 
pest, 1876 ; andF. Rutley, Rock-forming Minerals, 
Lond^, 1888, p. 9). 

Classification of Roche, — Some rooks 
have evidently been formed as deposits in a 
watery medium, while others have existed at some 
period at a high temperature and been more or 
less completely fused; hence arise two great 
groups of rocks: one of aqueous, the other of 
igneous, origin. Certain rocks, whether aqueous 
or igneous, have suffered such alteration since 
their formation that their original characters are 
no longer to be recognised by direct observation, 
and hence these are known as metamorphic 
rooks. Of the so-called aqueous rocks a few 
have been deposited directly from solution as 
chemical precipitates ; but by far the larger num- 
ber have been thrown down as sediments from a 
state of mechanical suspension. The aqueous 
deposits are known as sedimentary or stratified 
rocks, while the igneous rocks are often de- 
scribed as unstratified or massive. In addition 
to these types there are a few rocks, like coal 
and certain limestones, which owe their origin, 
directly or indirectly, to organic agencies, and 
are hence termed organic rocks. But though 
the ultimate origin of su^ deposits is organic, 
the changes through which they have passed in 
reaching their present condition are essentially 
ohemic^. 

It usually happens that several modes of 
formation have contributed to the production of 
a single rook. Thus, rocks formed as chemical 
precipitates, though practically homogeneous, 
may contain an admixture qf foreign matter re- 
presenting material that was mecha nically thrown 
down during precipitation. On the other 
hand, a sedimentary jjook frequently has its con- 
stituent grains bound together by mineral mat- 
ter which has been precipitated in association 
with, or subsequent to, the mechanical deposit, 
and has acted as a cementing medium ; a sand- 
stone, for example, may have its component 
grains united by mineral matter preoipitat^from 
solutions percolating through the original mass 
of sand. (On the ori^n and classification of 
rocks, consult A? Geikie, Text-hook of Geology, 
2«d ed., 1886 ; A. H. Green, Physical Geology, 
vol. i., 3rd ed., 1882 ; J. J. H. Teall, British 
Petrography, 1888 ; A. de Lajparent, TraitA de 
G6ologie, 2nd ed., Paris, 1886 ; and H. Oredner, 
Elements de Geologie, Leipzig, 8rd ed., 1876.) 

In dealing with igneous rooks it is alwayi 
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desir*ble to ascertain the proportion of silica in 
the rook as a whole, since a comm n classifica- 
tion of such rocks is based upon this datum. 
Bunsen, in studying the rooks of Iceland, sug- 
gested that all igneous rocks have been formed 
by admixture of two magmas which he termed 
the normal trachytic and normal pyroxmic (P. 
83, 197). Durooher afterwards developed a 
theory which derived the rocks from two mag- 
mas situated at different subterranean depths, 
termed by him acid and hasic^ and practically 
corresponding respectively with the trachytic 
and pyroxenio magmas of Bunsen (Durocher, 
Essai de Pitrologie compar4e, Ann. de Mines, 40, 
1857, pp. 217, 676). At the present time most 
petrographers define the acid oidight rocks as 
those containing from 65 to 80 p.c. of silica, and 
having S.G. 2*3 to 2*7 ; they usually contain a high 
proportion of alkalis, especially potash, and but 
a small percentage of lime, magnesia, and oxides 
of iron. On the other hand, the basic oi^ dense 
rocks contain only from 45 to 55 p.c. of silica, 
but have S.G. rising from 2*5 to as high as 
8*1 ; they are characterised by a low percentage 
of alkalis, with more soda than potash, and by 
a high percentage of lime, magnesia, and oxides 
of iron (v. Teall, Brit. Pet., cap. ii. ; and 
on the classification of igneous rocks, Bonney’s 
anniversary address, Geol. Soc,, 41, 1885). 

Chemically ’formed Rocks. — The 
chemical precipitates which are of interest to 
geologists, as having been formed on a large 
scale in nature, belong chiefly to the groups of 
carbonates, sulphates, and chlorides, represented 
respectively by such rocks as limestone, gypsum, 
and rock-salt. Perhaps the simplest example 
is offered by rock’Salt, since ^is has been 
formed by the mere evaporation of a natural 
brine. On the composition of sea-water— a sub- 
ject of much interest to the geological chemist — 
V. Dittmar, RepTof Challenger, 1884; Forch- 
bammer, T. 156, 203 ; J. Roth, Allgenieine u. 
Chemische Qeolog., Bd. 1 [Berlin, 1879j; and 
Bischof, Chem. u. Phys. Geolog., 2ad ed., Bd. 1 
[Boim, 1863], p. 426. 

Book-salt has usually been formed in inland 
sheets of salt-water. These are either isolated 
portions of the sea or the relics of lakes which 
were originally fresh but have acquired salinity 
by the accumulation of salts introduced by 
river-waters. The great Salt Lake of Utah, 
situated in an area of inland drainage, receives 
streams which bring in salt ; but, having no 
outlet, the waters tend to become concentrated. 
In this arid region evaporation is rapid, and 
along the shallow margiif of the lake vast quan- 
tities of common salt spontaneously crystallise 
during the dry season ; while in winter, whenever 
the temperature falls below -6*5° Na-^SO^ is 
ppd., the quantity of this salt formed in a single 
season amounting to thousands of tons. Many 
ancient lakes have in the course of time com- 
pletely disappeared by desiccation, and their 
position is now mark^ by eii^^ensive saline de- 
posits. For the chemical history of a fossil lake, 
lee J. C. Bussell's •‘Lake Lahontan’ in Mono- 
graphs of U. 8. Qeolog. Stirv. 1885. 

On tne evaporation of a salt-lake, or saline 
lagoon, the least soluble salts will tend to crys- 
laBiae first, the order in which the salts are suc- 
isashrely deposited being inversely as the order 


of their solubility. Such a process of fractional 
crystallisation in nature is illustrated by the re- 
markable salt-deposits at Stassfurt in Prussia. 
In the lowest beds the rock-salt is associated 
with gypsum, anhydrite, and carbonate of cal- 
cium ; but above the rock-salt there are deposits 
of deliquescent compounds, rich in potassium 
and magnesium, which remained in the mother- 
liquor after the NaCl had separated. The asso- ■ 
ciation of the rock-salt and anhydrite in alter- 
nate layers has led to the suggestion that they 
represent seasonal deposits, the former having 
been deposited in the wanner, and the latter 
in the colder, parts of the year. Tlie soluble 
salts above tho main mass of rock-salt, known 
locally as Ahraumsalze, consist chiefly of poly- 
halite (K 2 S 0 ^.MgSG 4 . 2 CaS 04 . 2 H 20 ), kiesorito 
(MgS0,.H,0), and Viarnallite (KCl.MgCl2.6H.,0) ; 

V. Bischof, Die Steinsalz bei Stassfurt, 2 Aufl. 
1875 ; Oohsenius, Die Bildung der Steinsalz- 
lagen, 1877 ; Precht, Die Salzindustrie von Stass- 
furt ; Bauerman, Proc. Civil Eng. 88, 415 ; and 
C. Napier Hake, S. C. I. 

O^in of Linicstoyte.—Onool the commonest 
examples of a chemical ly-fornied rock is afforded 
by certain deposits of liinesto7iewhioh. have been 
ppd. from calcareous waters. Such are the de- 
posits known as calcareous sinter or tufa, so' 
commonly formed by springs flowing through 
limestone districts, and forming in some cases 
important rock-masses, like the travertine, or 
j * Tibur stone,’ of Tuscany. But while certain 
limestones are the result of direct ppn., it ap- 
, pears that by far the greater number of such 
rocks owe their origin to organic agencies. Such, 
for instance, is the chalk which is largely made 
up of the calcareous tests of foraminifoi'a; such, 
too, are the coral-limestones, which are formed 
in large measure of the hard corallia of certain 
actinozoa. On the nature and origin of lime- 
stones, V. H. C. Sorby’s Presidential Address to 
the Geolog. Soc., 1879 {Quart. Journ. Geol, Soc. 
35, 56, ‘ Proc.’) ; also F. Senft, ‘ Dio Wanderun- 
gen u.Wandelungen d.Kohlens. KsdkeQ ' {Zeitsch. 
d. deutsch. Qeolog. Oes., 13, 1861, 263). 

When CaCOj is deposited from thermal 
springs, the pp. usually takes the form of ara- 
gonite, the orthorhombic species of CaCO„ 
harder and denser than calcite. The ppn. of 
aragonite is well illustrated by the Sprv^elsiein 
of Carlsbad. The water in which this is lormed 
has a temperature of about 73°C., and though 
containing only 0*29 p.c. of CaCO„ it readily de- 
posits this salt on cooling. The sprudelstein is 
commonly oolitic or pisolitic, each little sphere 
I being formed of a series of concentric layers de- 
! posited successively around a nucleus, and thus 
[ imitating the oolitic stmeturo familiar to geolo- 
I gists in various limestones. The experiments of 
; G. Bose tended to show that when a solution of 
carbonate of ct 'cium is warm or concentrated it 
deposits aragonite, while if cold or very dilute it 
throws down calcite. It has been shown by 
Credner that the deposition of aragonite is 
favoured by the presence of gypsum, strontiahite, 
and certain other foreign bodies in the solution 
from which ppn. proceeds. 

Calcareous matter deposited on a large scale 
is usually more or less impure, and hence lime- 
stones become argillaceoue, bituminous, &o. On 
the solution of a limestone by natural solvents, 
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n variaWe amount of insoluble matter is left, 
and where the aotion has extended over lonj? 
periods the residual impurities, by their accu- 
mulation, may acquire considerable importance: 
such, for instance, is the origin of the deposits 
on the chalk in this country known as ‘ clay- with- 
mnts;’ and the reddish earth so common in 
limestone caverns and known as ‘ cave-earth.’ 
•On the solution of limestones in nature, v. T. 
Mellard Reade, Chemical Denudation in relation 
to Geological Time [London, 1879]. 

^ Origin of Dolomite. — The origin of magnesian 
limestone, or dolomite^ has long been a cliemical 
enigma. Since dolomite frequently occurs in as- 
sociation with rock-salt, it has been suggested 
that it must bo of lacustrine origin. Bischof, 
however, showed long ago thti difficulty of simul- 
taneously ppg. CaCOj and M^CO, from a solu- 
tion containing these salts. At the beginning of 
the evaporation CaCO, alone falls ; towards the 
close of the process MgCOj alone ; and it is only 
at intermediate stages that the mixed carbonates 
are thrown down. It might, therefore, be ex- 
l)ected that the geologist would find pure lime- 
stone below, succeeded by a deposit of dolomite, 
and followed above by pure magnesite— a se- 
quence, however, which is not observed in na- 
ture. Indeed, dolomite seems to have been 
formed not so much by direct ppn. on the eva- 
poration of waters in which the two carbonates 
co-existed as by certain chemical reactions. 

Sterry Hunt has pointed out that the inter- 
action between carbonate of sodium and the 
chlorides of magnesium and calcium in sea-water 
would give rise to dolomite, with simultaneous 
production of chloride of sodium, thus explain- 
ing the (Ammon association of dolomite with 
rock-salt. There seems no difficulty in providing 
the necessary quantity of Na^COj, inasmuch as 
various soda-bearing silicates, notably the soda- 
felspars, are commonly suffering decomposition 
in nature by the action of carbonated waters, 
with consequent formation of NajCOs and sepa- 
ration of silica. Another reaction suggested by 
f^terry Hunt is that which may occur between 
CaCO, and MgHO,; the resulting MgCO, may, 
under certain conditions, become associated with 
fresh CaCO„ so as to form dolomite, which will 
then be accompanied by a precipitate of CaSO^. 
As a i^atter of fact, nothing is more common 
than to find dolomite naturally associated with 
gypsum [Chem. and Qcol. Essays, 1875, 90). 

Hoppe-Seylcr obtained dolomite by heating 
carbonate of calcium in a solution of bicarbonate 
of magnesium in a scaled tube at 100°Ce 
deutsch. gcol. Ges. 27, 609). Possibly in some 
cases dolomite has been formed under abnormal 
conditions of temperatur*. The crystalline dolo- 
mites, enormously developed in the triassio 
series of the Eastern Alps, are believed to be 
metamorphic rocks, or ordinary liftestones which 
have become dolomitised (v. infra). 

Weathering of Rocks. — Most rooks on or 
near the surface of the earth have suffered more or 
less chemical change by the natural action of air 
and water. This weathering usually takes the 
form of oxidation and hydration \ thus, rooks 
such as basalt, which contain minerals rich in 
iron, exhibit iJong their joint-planes a rusty ap- 
pearance, doe to the formation of ferric hy^ate. 
Pepositi ol brown iron-ore of great xnaf^tode 


may result from the alteration of masses of 
iron-pyrites.^ Such, too, is the origin of the 
gossan, or impure brown iron-ore commonly 
found in the upper part of mineral veins where 
anogenio action has been rife, and known to 
Continental miners as the Chapeau de fer or 
Eiseryte Hut. Many clays and other rocks pre- 
sent in their unaltered condition a bluish or grey 
colour, due to the presence of finely-disseminated 
iron -pyrites, which in like manner decomposes 
on exposure, yielding ferrous sulphate, and finally 
ferric hydrate, and the rock thus assuming brown 
and yellow tints. (On the colour of certain 
oolitic rocks v, A. H. Church, C. J. r21 2. 

On the othqj* hand, a process of deoxidation 
may frequently be traced in the natural altera- 
tion of rocks and minerals, the principal re- 
ducing agent being organic matter. Sulphates 
may thus be reduced to sulphides ; whence in 
many ftises the origin of iron -pyrites — a mineral 
commonly found in association with coal, fossil 
wood, shells and other organic remains (u. Pepys, 
Trans. Gcol. Soc. 1, 309). In like manner 
gypsum may be reduced to the condition of sul- 
phide of calcium ; and this, if dissolved in water 
containing carbonic acid, will yield carbonate of 
calcium and sulphuretted hydrogen, the latter 
readily depositing free sulphur on exposure to 
the air. Hence probably the origin of the asso- 
ciated deposits of gypsum, sulphur, and lime- 
stone, so familiar to the geologist in Sicily and 
other sulphur-bearing localities. The removal 
of crystals of selenite from clays and other rocks 
may be due to similar reactions and not to mere 
solution (Duncan, Q. J. Gcol. Soc. 22, 12) 

It has long been known that the organic 
acids resulting from the decomposition of vege- 
table matter may exert a bleaching action upon 
red and brown rocks, by reducing the ferric oxide 
to a lower state of oxidation, '* It has been sug- , 
gested that some of the finest white glass-making 
sands may have been derived from sands origin- 
ally yellow or brown, but^decolourised in this 
way. At the same time such reducing action 
appears incompetent to explain the local de- 
colouration observed in many variegated rocks 
{v. an important paper by G. Maw in Q. J. GeOh 
Soc. 24, 351). 

Hydration, though usually accompanying 
oxidation, may occur in nature without any 
other chemical change. A common illustration 
of such action is seen in the •onversion of anhy- 
drite into gypsum, by absorption of two mole- 
cules of water. This change is accompanied by 
a marked increase in bulk, 1 vol. of CaS 04 be- 
coming 1'6 vol. of CaS 04 . 2 H.^ 0 . The galleries 
of deserted mines in which anhydrite has been 
worked have become closed by the swelling of 
the walls, consequent on hydration of the 
mineral. Geologists believe that a similar in- 
crement of bulk, occurring on a large scale in 
deep-seated deposits, mny account for certain 
minor movementaof the Earth’s crust. 

Origin of Eamin. — It is commonly said that 
oifb of the most striking examples of weathering 
is afforded by the decomposition of the felspar 
in granitic and other rocks. Meteoric waters, 
containing carbonic and organic acids, readily 
attack felspathio minerals, removing the alkalis 
hia Bolabls form, while the silicate of alamihioiAf 



QEOLOGiffiiL' cjaianarRT. 


Ms 

in a hydrated oondition, raxnams behind aa olay. 
Kaolint or ohina-clay, the porest form of argil- 
laoeoni matter, may thus be derived from fel- 
spitf -bearing rooks, especially granites. It was 
seriously held that the neat neat experieneed 
in wormg the C!omsto<^ lode was due to the 
kaolinisation of the felspars in the surrounding* 
rocks— a suggestion, however, entirely disproved 
by experiment In Cornwall it is not uncommon 
to find granite in which the orthoclase, or pot- 
ash-felspar, is more or less decomposed, while 
the associated silicates remain almost unaltered: 
such a rock is known as china- stone or petumite ; 
while a rook in whiah the felspar is entirely 
kaolinised is termed china-clay rock or carclaette. 
It is frequently held that the sikple action of 
meteoric waters, charged with carbonic and 
organic acids, is sufScient to explain the origin 
of kaolin; but though kaolinisation may un- 
doubtedly result from mere weathering, i^^seems 
that superficial action is incompetent to explain 
all the observed phenomena. The change ap- 
pears rather to have been effected by means of 
solutions derived from deep-seated sources, cir- 
culating in the joints of the granite. It has 
often been pointed out that the decomposed 
granite is associated with minerals containing 
fluorine (like lepidolite) or fluorine and boron 
(like schorl). Von Buch in 1824, and Daubr6e 
in 1841, suggested that the change has been due 
to hydrofluoric acid or other fluorides, which, 
acting upon the granite at an elevated tempera- 
ture, would decompose the felspar, removing its 
alkali as a fluoride. Cassiterite (SnOj) is a 
common associate of the kaolinised granite, and 
there is reason to. believe that this mineral has 
been produced by the agency of fluorine. 
Daubrle succeeded in producing crystals of SnO, 
by passing the vapour of stannic chloride with 
steam through a heated porcelain -tube, the 
chloride having been used in place of the fluoride 
merely for convenience (v. Daubr^e’s ttudes 
»ynth4Hques de Qiologie expirimentalet Paris, 
1879, wWe his rese'arches are presented in a 
coUe^d form. For Cornish kaolin v. J. H. 
Collins, The Hensbarrow Oranite, Truro, 1878 ; 
and Mineralog. Mag. 7, 205). 

Metamorphism.-^k rock, whether of 
aqueous or of igneous origin, is said to be 
metamdrphic when it has b^n altered not by 
atmospheric agencies but by some profounder 
influence which has so affected its structure 
and composition tblkt its original character is no 
longer to be recognised by direct observation. 
Thus the intrusion of igneous rock an^ong 
sedimentary strata may give rise to changes 
known as contact metamorphism. By such ac- 
tion an ordinary limestone may be converted 
into a crystalline marble — a phase of meta- 
morphism conveniently distinguished by A. Gei- 
kie as mannorosis. llie pr(^uction of a sac- 
charoidal marble from an amorphous limestone 
wider the iofluence of beat and pressure was 
ijlostrated by James Hall’s eiperiments in the 
early part of this qentuiy. ,, 

The effects of contact metamoiphism are 
partly physical and partly chemical To the 
former class may be referred not only the crys- 
tallisation of limestone but the induration and 
even fusion of various other rocks, and the de- 
velopment of prismatic stmetore in |be neigh- 


bourhood of the heated mass. Among ordinary 
chemical effects may be noted the expulsion of 
water, the reddening of a calcined rock and the 
conversion of coal into a natural coke. But the 
most interesting phenomena are those attending 
the development of new minerals. Thus, a slate 
in the neighbourhood of an intrusive granite" 
frequently contains garnets, ohiastolite, and 
other crystallised silicates ; while metamorphic 
limestones ma;' inclose rock-crystal, garnets, 
idocrase, micas, and otlier minerals which ap- 
pear to have been produced by the rearrange- 
ment and crystallisation of the materials of the 
sand, clay, and other impurities originally pre- 
sent in the lifiiestone. The ejected limestone 
blocks of Monte Somma, consisting originally 
of the Subapenninq limestone, are rich in mine- 
rals of this cliaraeter, and have lately been spe- 
cially studied by J. H. Johnston-Lavis, of 
Naples, and by B. Mierisch {Min. u. Pet. Mitt. 
[N. F.] 8, 113 [1887].) 

When metamorphic rocks extend over a 
wide area and are not visibly associated with 
igneourf rocks to which their alteration may be 
referred, they are said to be due to regional 
metamorphism. The agencies by which such 
phenomena have been produced are exceedingly 
obscure, but while many of the changes are of a 
chemical and molecular character, it is evident 
that molar forces have been operating on a 
large scale. Of late years it has been recog- 
nised that the mechanical movements of the 
’rocks have largely contributed to the production 
of the characteristic structures in those meta- 
morphio rocks known as the crystalline schists, 
not only producing deformation of the ^constitu- 
ent minerals, but indirectly causing the passage 
of one mineral into another. (On dynamic me- 
tamorphism V. J. Lehmann, Enstehung d. alt- 
krystallimschen Schiefer-Oesteine, Bonn, 1884 ; 
Teall’s Brit. Petrog., 1888, cap. xiv. ; I^tudes 
sur les schistes crystallins, Int. Geol. Congress, 
1888 ; A. Barker, B. A. 1885. 845. For contact- 
metamorphism, V. Delesse’s ttudes sur le mita- 
morphisme des Roches. For the subject gener- 
ally consult Bonney’s address to Geol. Soo., 
Quart. Joum. Geol. Soc., 42, 55 ; and A. Irving, 
Bock-metamorphism, 1888.) 

Hydrothermal action.— The effects of 
thermal metamorphic agencies, even In the 
neighbourhood of an igneous rock, are usually 
doe, not so much to dry heat as to hydrothermal 
action. Although pure water at ordinary tem- 
perature and pressure is capable of slowly dis- 
Bolring'* the common mineral-constituents of 
rocks (Bogers, Am. S. [2] 5, 401), its solvent 
action is vastly increasqd by the great heat and 
pressure to which it must be subjected in the 
> deeper-seated portions of the earth’s crust, where 
metamorphism probably has its normal seat. 
Such action is^well iHustrated by the remark- 
able experiments of Daubrde. This observer 
found when water was heated in strong 
"t glass tubes inclosed in thick wrought-iron oyliuf 
ders, and exposed uninterruptedly to a temj^ra- 
ture of at least 400°O. for several weeks, the 
glass was transformed into a hy(^ated silicate, 
analogous to a natural zeolite, while the interior 
of tiie tube became lined with a crust of small 
transparent crystals of quartz (Qiolog. expirm. 

1 198). In some cgses the (trlifloial cr/st^ls pf 
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inartx UdmI the valle ot the tnhe like the eaarti 

in a natural geode {ih. 166), 

The solvent action of water at great depths 
accounts for the peculiar composition of the 
water of geysers, under enormous pressure and 
at a high temperature these waters are capable 
of decomposing the volcanic rocks which they 
traverse and of dissolving out silica. Thus, 
^water from the Opal Spring in the Yellowstone 
National Park contained as much as 63*76 g. of 
silica to the imperial gallon (Lefifmann). On 
the evaporation of such water the silica is de- 
posited in a hydrated form as a kind of 'opal or 
siliceous sinter, known as fioriU or geyserite 
{v. A. C. Peale, * Thermo-hydrology,* in Twelfth 
Rep. U.8. Oeol. and Oeog. Survey of the Terri- 
torieSt 2 ). , 

Dolomitisation, — Among cases of metamor- 
phism, that of the alteration ot a normal lime- 
stone into dolomite has long been recognised 
and variously explained. Von Buoh and certain 
other Qerman geologists, looking at the associa- 
tion of crystalline dolomite with basic igneous 
rooks in the Tyrol, held that these erupted masses 
had emitted vapours containing compounds of 
magnesium which had acted upon the neigh- 
bouring limestone, causing dolomitisation. In 
support of such a view it was pointed out by 
Durooher (C. JS. 23, 64) that when fragments of 
limestone are heated with MgCl, in a closed 
vessel, the limestone is partially converted into 
dolomite. Such an action, however, if it occurs 
at all in nature, must be limited to the imme- 
diate neighbourhood of the heated body evolving 
the magnesian vapours. In order to explain 
the alteration of large masses of limestone it is 
simpler to invoke the agency of percolating 
water holding compounds of magnesium in solu- 
tion. Even where limestone has been dolomi- 
tised in contact with basalt, Bischof contended 
that the change was due to the action of water 
containing MgCO, resulting from the decomposi- 
tion of the magnesian silicates in the igneous 
rook. 

When water containing carbonate of magne- 
sium percolates through a limestone, the magne- 
sian salt tends to unite with part of the calcium 
carbonate so as to form a double salt, while 
CaCO, is at the same time dissolved out. For 
every molecule of CaCO, removed, a molecule 
of MgCO, is introduced, the change being accom- 
panied by a diminution of volume to the extent 
of 12 or 13 p.c. Now it is a remarkable fact 
that natural dolomites are frequently marked 
by a cellular or cavernous texture, and $lie de 
Beaumont long ago suggested that the cavitfes 
were due to shrinkage consequent on dolomitisa- 
tion. It is estimated that in many magnesian 
limestones the hollows represent about 12 p.o. 
of the bulk of the rook. The sulphate and 
ehloride of magnesium in sea-vmter may also 
transform limestone into dolomite, but according 
to Favre the action requires a temperature 
of 200®O. favoured by great pressure. (For a 
good, review of the whole subject of dolomitisa- 
tion u. A. H. Green’s Geology, 8rd ed. 1882. 408 ; 
alsoBoelter a. Hoemes, ' Ohem.-Genet. Betraoht 
tl. Dolomit,' in Jahr, d, k.-Je. Oeol. Beiche, 1875. 
26 , p. 298 ; with a full bibliography to date.) 

MgCO, is not the only carbonate which has 
been introduced into certain limestones by leoon* 


dary processes. In some cases beJs of limestone 
have been more or less completely tfSnsformed 
into FeOO,— a change well illustrated on a large 
scale in the important deposits of Cleveland 
ironstone in the Middle Lias of N.E. Yorkshire. 
Sorby believes that this ore has been formed 
fyom an oolitic limestone by percolation of water 
containing bicarbqpate of iron in solution. Most 
of the fossil shells associated with the ore have 
suffered a like conversion, and in some cases the 
ferrous carbonate has been further changed into 
ferric hydrate {Proc. Oeol. and Polyt. Soc. W, 
Biding, 1866-7). 

Serpentinisation . — The origin ot serpentine 
has been a subject of much discussion, in which 
the geologist h^ had to appeal to the chemist. 
By most modem petrographers it is regarded as 
an altered eruptive rock, having been derived 
mainly from olivine. Pseudomorphs of ser- 
pentine after olivine are familiar to the mine- 
ralogistf and an action similar to that which 
produced this alteration appears to have been 
concerned in the metamorphism of large rock- 
masses. This view has gained much credence 
of late years by the study of the microscopic 
structure of serpentine by Sandberger, Tscher- 
mak, Bonney, and other petrographers. Hydra- 
tion is effected by water gaining access to the 
olivine through the irregular fissures by which 
the mineral is usually traversed; and in the 
case of ferriferous olivines the iron is deposited 
in the form of magnetite and limenite (v. Teall, 
tBrit. Petrog., 1888, p. 104). 

While many serpentines suggest by their oc- 
currence as dykes and bosses that they have 
been derived from eruptive rocks, others occur 
in beds intercalated among crystalline schists, 
especially in association with limestone. It has 
been supposed that such serpentine may have 
resulted from the alteration of dolomite or some 
other magnesian rock of aqueous origin. Sterry 
Hunt, who is specially familiar with the serpent- 
ines of the Laurentian series of Canada, has 
always argued against the derivation of serpent- 
ine from igneous rocks, and regards it simply as 
a product of direct precipitation from natural 
waters. He holds that by the decomposition of 
the various crystalline silicates in nature, solutfle 
silicates of the alkalis and of lime are set free, 
and passing into streams are ultimately, mixed 
with waters rich in magnesium salts— such as 
the sulphate or chloride in sea-water— when 
double decomposition ensuea, and silicate of 
magnesium is precipitated in a gelatinous con- 
dition (Trans. R. Soc. Canada, 1, 166 ; Mineral 
Physiology, Boston, 1886, p. 427). 

Recent formation of minerals. — Ob- 
servations on the production of minerals under 
known conditions in historic times are of much 
interest to the geological chemist, inasmuch as 
they suggest the presses which may have ope- 
rated in nature dunng geological time. Daobr4e 
long ago called attention to the production of a 
series of minerals ^ce the Boman period at the 
^ot springs of Flombidres in the Vosges. Around* 
these springs the Bomans bad bmlt walls of 
concrete, consisting of brick and stone cemented 
by mortar. By the action ot toe waters at 50^ 
0. upon the concrete, there has been formed n 
series of minerals including chabasitc, harma- 
tome, mesotype, and other seoUtes, Associated 



with opfti, ealolte, &c, Similitr effects have been 
observed at other fioman baths, as at Luxeail 
(Haute Sa6ne) and at Bourbonne-Ies-Bains 
(Haute Marne) (v, O^logie ExpSrimentale, 
p. 179 ; and Percy’s Lectures on Chemical Geo- 
logy in C. N, 9, 100). 

Gfeaies.—The production of certain minerals 
at the Boman stations just cited recalls thd 
natural formation of similar Substances in the 
cavities of basaltic and other rocks. These 
cavities, though perhaps in some cases due to 
the removal of pre-existing crystals by solution, 
usually represent bubbles produced by the dis- 
engagement of gas or steam at a time when the 
igneous rock was in a plastic condition. The 
minerals occurring in such cavities are of 
secondary origin, having be'cn introduced 
through the medium of solutions permeating 
the rook long after solidification. When the 
vesicles are filled with raineial matter the rock 
is said to be amygdaloidal ; if the cavities are 
not completely filled, and the walls are lined 
with crystals, they are termed geodes. The 
most common of these secondary minerals are 
calcite and silica, the latter frequently forming 
agates. In an agate, regular layers of colloidal, 
crypto-crystalline, and crystalline, silica, succeed 
each other with regularity. The exact manner 
in which the silica has been introduced, and 
precipitated on the walls, has given rise to much 
discussion, but a clue is suggested by the ex- 
periments of Pankhurst and I’Anson on the 
artificial production of agates {Mineral Mag, 

V. U). 

Origin of Mineral Veins.— Ihe deposi- 
tion of secondary minerals in the cavities of 
rocks tends to throw light upon the formation 
of mineral veins, or lodes— a subject on which 
the geologist has frequently appealed to the 
chemist. It is now generally held that these 
veins represent fissures filled in by deposition 
of mineral matter from a state of solution. The 
chief difficulty is to trace the metalliferous 
minerals to their origin. The most promising 
modem researches are those of Prof. Fridolin 
Sandberger, of W urzburg ( Untcr^vchmigen 'ilber 
Erzgdnge, i. 1882; ii. 1885). By comparative 
analyses of the ore, the veinstone, and the 
country rook, he has shown that the contents 
of the lode have been derived in certain cases 
from the neighbouring rocks, and that the ores 
have probably obtained their metallic elements 
from the common constituents of the crystal- 
line rocks, which had not previously been sus- 
pected to contain such metals. Analyses of 
or^nary rock-forming*, minerals, like mica, 
angite, hornblende, and olivine, revealed the 
presence in them of a large number of the 
heavy metals. Nor is it only in the crystalline 
rooks that such metals occur, Diculafait having' 
shown that many of them are widely distributed 
in minute proportion through the stratified 
rooks. Such an occurrence is readily explicable 
by the fact that most sedimentary strata have 
Jbeen derived, directly or iifdirectly, from the« 
disintegration of « the older crystalline rocks. 
Thus it has been shown by A. Dick that 
minerals containing airoonium and titanium 
are widely distributed though sands of tertiary 
age {Nature, 86, 91), and Teall has fond similar 
minerals in various ola/s {Mirs, Mag, 1, 201). 
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Some interesting' phenomena tending ( 
illustrate the ori|;in of certain mineral vein 
have been studied in districts in California ani 
Nevada, where hydrothermal action is rife 
Hot water, steam, carbonic acid, sulphurettei 
hydrogen, and other gases escape from fissurei 
in volcanic rocks, and on tlio walls of these 
fissures they deposit siliceous sinter associatec 
with free sulphur, cinnabar, iron-pyrites, anc 
other metalliferous minerals, including metallic 
gold — the whole assemblage being suggestive ol 
the contents of certain veins {u. A. J. Phillips. 
P. M. 1068. 321 ; Laur, A7m. d. Mines, 8, 423). 

Durooher and some other ob.servors have 
argued in favpur of many metallio minerals in 
lodes having been produced by sublimation. In 
Durocher’s experiments he succeeded in pro- 
ducing galena, iion-pyrites, zinc-blende, and 
other metallic sulphides by passing certain 
vapours through glass tubes at a high tempera- 
ture (G. B. 33, 823 ; 42, 850). 

As an illustration of the production of thiq 
strings of metallic minerals by decomposition of 
vapours, attention may bo called to the fre- 
quent occurrence of specular iron ore sublimed 
in the crevices of lava, this mineral having ob- 
viously been formed by the reaction of steam and 
ferric chloride : Fe.,Clg -i- 3H,;0 = Fe^, + 6HC1. 
(On the general subject of mineral veins, v. 
J. A. Phillips, Ore Deposits, London, 1884 ; Von 
Cotta, ErzlagcrsULttcn, Freiberg, 1853 [Trans- 
lation by F. Prime, New York, 1870] ; and Von 
Groddeck, Lagerstdtten der Erze, Leipzig, 1879.) 

Chemistry of the Volcano.-Thechemi- 
oal operations involved in volcanic phenomena 
are extremely obscure. It is generally admitted 
that water is the prime factor in tl^e produc- 
tion of these phenomena, and as the tempera- 
ture prevailing at volcanic foci probably exceeds 
the critical point of water it must exist in the 
form of vapour, notwithstanding the enormous 
pressure to which it is subjected : possibly 
the temperature is so liigb that the water is 
dissociated. Foiiqu6 found in the lava of 
Santorin of 1876 a notable quantity of free 
hydrogen co existing with free oxygen. The 
volcanic vaiiours associated with steam are 
chiotly HCl, SOj, CO,, H,S, free 0, H, and N, 
and sometimes NH, and CH,. The HCl may 
be due to access of sea-water, most volcanoes 
being situated on islands, or, if on the mainland, 
near to the sea-coast. liicciardi has found that 
finely powdered granite and lava mixed with 
pure NaCi evolve HCl when heated, the quan- 
tity being increased by blowing in a current of 
steam {Gazzetta, 16, 38). The sublimed pro- 
ducts of volcanic rocks include a large number 
of metallic chlorides, uotabiy those of NH<, Na, 
Fe, Cu, Ca, and Mg. 

The SOj of volcanic exhalations has been 
referred by Bfcciardi to the reaction of silica 
with Ca804 and Mg80„ whereby silicates are 
produced, with separation of sulphur trloxide 
which is resolved into sulphur dioxide and 
oxygen. He found that granite mixed with the 
sulphates cited above would evolve SO, when 
heated. By the interaction of SO, and H,8 
free sulphur is produced and deposited as an 
incrustation on the lava. By oxidation, lol- 
pburio acid is developed, and this by its action 
on the volcanic rooks tends to decompose theia, 
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mth production of various sulphates. Thus it 
comes about that alum is manufactured in the 
crater of Vuloano, one of the Lipari Islands, and 
at the Solfatara, near Naples. The term ‘ solfa- 
tara ’ is^ now used by geologists as a general 
designation for a volcano which is approaching 
extinction and emits only vapours. Long after 
other emanations cease, 00^ may be exhaled, as 
in many localities in the Eifel and in Auvergne. 
Boric acid, in a finely-divided condition, is 
produced from the nearly exhausted crater of 
Yulcano, and from the mofette of Tuscany 
where it has long been utilised industrially. 
(On the general subject of volcanoes, v. Judd’s 
volume in the International Science Series.) 

Synthesis of Igneous *Boc/cs.— The 
artificial reproduction of piany igneous rocks 
has been successfully accomplished in recent 
pars by Fouqud and L6vy in the geological 
laboratory of the College de France, in Paris. 
(For a full description of these researches, v. 
their SyniMse des Mindraux et des Eoches, 
Paris, 18S2.) These observers have shown that 
a number of basic eruptive rooks can bo formed 
by the fusion of their constituents, and (hat the 
products, examined in thin sections under the 
nicroscope, are identical in structure and com- 
position with the corresponding natural rocks. 
It had previously been supposed that water, in 
jomo form, played a conspicuous part in the 
iquefaotion of igneous rocks, and that this was in 
.act due not to dry fusion but rather to hydro- 
thermal action. The syntheses performed by^ 
Fouqu6 and Ldvy controverted this view, inas- 
much as they were effected solely by dry igneous 
fusion, without the presence of water or any 
other volf^tile medium, and without flux or other 
chemical agent. 

The raw materials employed by these ex- 
perimentalists were either the component 
minerals of the rocks to be produced (such as 
felspar, augite, <feo.), or the chemical con- 
stituents of these minerals (silica, alumina, 
lime, (fee.). These materials, corresponding in 
their relative proportions with the composition 
of the rock to bo imitated, were introduced, in a 
pulverised condition, into a platinum crucible of 
about 20 c.c. capacity, furnished with a cover. 
The crucible was heated in a furnace of For- 
quignon and Leolero’s type, heated by a Schlo- 
sing btewpipe, whereby it could be rapidly 
raised to a white heat, or reduced at will to a 
lower temperature, and the heat maintained 
constant for a long period. The first fusion at 
a white heat always yielded an isotropic glass, 
and this if cooled suddenly maintained ♦ts 
vitreous character. But if the fused product 
was kept for some time a temperature below 
a white heat, yet above that of the melting- 
point of the glass, various crystalline products 
were developed ; and by subjectii^ the material 
to successively diminishing temperatures, other 
products crystallised out, the least fusible being 
the first to separate. 

By a process of fractional crystallisation 
conducted in this way, Fouqud and L6vy imi- 
tated the conditions which appear to have 
obtained during the formation of volcanic rooks, 
where the crystallised constituents represent 
successive periods of consolidation. Artificial 
basalt was obtained by fusing a mixture of the 
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elemente of olivine, augite, andlabradorite, and 
subjecting the resulting black glass to a bright 
red heat for 48 hours, when the olivine, which is 
the least fusible component, was found to bo 
crystallised. Then on submitting the mass to 
a cherry-red heat for another 48 hours, the 
microlitic crystals of the more fusible minerals 
separated: these were the lath-shaped crys- 
tals of plagiocl^se and augite, which may be 
regarded as minerals of the second period of 
consolidation. Some of the most remarkable 
experiments were those on the so-called ophites. 
These are doleritio rocks, in which the augite 
forms comparatively large plates moulded 
around the crystals of plagioclase ; the former 
having evidently been of subsequent consolida- 
tion to the latter. By a succession of suitable 
coolings and re-heatings this ophitio structure 
was perfectly imitated. 

Notwithstanding the remarkable success 
with vahich the basic igneous rocks have lately 
been imitated, all experiments on the synthe- 
tical formation of the acid rocks have hitherto 
been fruitless. The reproduction of these 
natural products forms one of the most interest- 
ing fields of investigation left open to the geo- 
logical chemist. F. W. B. 

QEOEETIC acid C,.iH 2 j 04 . A waxy acid 
obtained from lignite found near Weissenfels. 
Extracted by 80 p.o. alcohol, and ppd. by 
Pb(OAo) 2 ; the acid is liberated from the pp. by 
HOAo (Bruckner, J, pr. 67, 1). Small needles 
(from alcohol). Its solution gives a dirty-green 
pp. with cupric acetate. From similar lignite 
Bruckner isolated resinous leuoopetrin 
C.„,H 840 j crystallising from alcohol in tofts of 
needles [above 100“]; geomyricin 
[c. 82®] crystallising from alcohol in minute 
hair-like needles; geocerio acid 
[82®] ; and geooerin CggH^gOj [80®], Geooerin 
is a neutral wax. 

GEEANIENE C.gH.g. (163®), S.G. -843. A 
terpene obtained by treating oil of geranium with 
PjOj (0. Jacobsen, A. 167,^39). By treatment 
with half the calculated quantity of iodine it is 
converted into oymene (Oppenheim a. Pfafl, B. 
7, 625). Gives a liquid hydrochloride. . 

GEEANIOL CioH.gO. (233°). S.G. *886. A 
compound occurring in oil of geranium (0. Jacob- 
son, A. 167, 232 ; Gintl, Ph. [3] 10, 24). Oil. 
Inactive to light. Fragrant smell like roses. 
Miscible with doohol and ether. With calcium 
chloride at 60® it forms a crystalline compound 
(C,oH,gO) 2 CaCljdecompoBed by water. Slowly oxi- 
dised by air. Potash|fusion forms isovalerio 
acid. Neutral aqueous EMnO^ forms acetic and 
isovalerio acids. Even boiling baryta- water slowly 
forms isovalerio acid. Chromic acid mixture 
^orms also succinic aoid. HNO, forms nitro- 
benzene, HCy, oxalic aoid, and a resin, but no 
camphoric acid. • 

Geranyl chloride G,gH„Cl. S.G. ^ 1*020. 
From geraniol and gaseous HOI. Inactive oil 
vmelling like cami^hor. Alcoholic AgNO, ppts., 
ev(^ in the cold all the Cl as AgCl. EOy, KOyS, 
KNO„ and other E salts displace the 01 by their 
aoid residues. * 

Geranyl bromide OiL 

Geranyl iodide 0,oH|,I. Oil. From the 
chloride and cold alcoholic El. 
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Di.jr«raiiyl '^(Mrida (0,<^,J,0. (I87®-190®). 
From geraojl obloride and ^tassium geraniol 
0,^,fOK. Oil, Bmelhng ot peppermint. 

m-geranyl salplddd (0,oH„)2S. From 
C,^i,Gl and alcoholio K,S, Heavy yellowish 
oU. With HgOla it gives a compound insoL 
alcohol. When heated it gives geraniene. 

GEE1IA5ITJM. Ge. At. v. 72*3. Mol. w. 
unknown, as V.D. has not been determined. 
[ 0 . 900®] (Winkler. J. pr. [2] 34, 177). S.G. 

6-469 (W., J.C.). S.H. 100°-440® -0737 to 
•0757 (W., I.C.). Sharpest lines in emission- 
spectrum 6020, 6892, 4684*6 (Kobb, W. A. 29, 
670), L. de Boisbaudran says that the charao- 
teristio lines are 4680 and 4226 (0. R. 102, 1291). 

In 1886 a silver ore from thd Himmclsfiirst 
mine, near Freiberg, was recognised by Richter 
as a new mineral species; to it ho gave the 
name of argyrodite. The mineral was care- 
fully analysed by Winkler with the resi\^t that 
the percentages of Ag, S, Hg, Fe, and Zn found 
added up to 93-94. After much labour, 
Winkler was able to announce that the rest of 
the mineral was composed of a new element, to 
which he gave the name germanium (B. 19, ! 
210). Winkler was inclined to regard ger- j 
manium as belonging to the Sb-Bi family, but ' 
fuller investigation showed it to be identical j 
with ekaaUicont the properties of which had 
been foretold by Mendelejeff, and the position of 
which had been indicated by him as group IV,, ! 
series 5. The reasoning which led Mendelejeff | 
to his statement of the properties of ekasilicon | 
was similar to that on which he based his pre- | 
diction of the properties of eka-aluminnm^ 
with which element gallium was found to be 
identical {v. GAiiLiou, Chemical relations oft 
p. 698). 

Occurrence.---Qe forms about 6*9 p.c. of 
argyrodite. The composition of this mineral 
is approximately expressed by the formula i 
2AgjS.GoS2 ; it contains about -66 p.c. Fc, -22 ' 
p.c. Zn, and -31 p.c. Hg. Ge has also been 
found in euxemte to the extent of about 7 p.c. 
(Kriiss, B. 21, 131). 

Preparation. — Powdered argyrodite is i 
heated to moderate redness with calcined I 
NajCO, and flowers of 8 ; the product is ex- 
tracted with water, and exactly enough 
H^O^q is added to decompose the Na^S. 
After standing for a day the liquid is filtered, 
and HClAq is added so long as a pp. forms. 
The liquid is saturated with H^S, and filtered ; 
the pp. is washed with 90 p.c. alcohol saturated 
with £[,8. The sulphida of Ge thus obtained is 
roasted at a low temperature and warmed with 
BD^O|Aq. The oxide thus produced is strongly 
heated, and then reduced, either by heating in 
H, or by making into small balls with starch ' 
and water, and heating to bright redness be- 
tween layers of charcoal, Ttnd then melting 
under borax (Winkler, J. pr. [2] 34, 177). For 
another method v. Winkler, J. pr. [2] 36, 177. 

Properties. — Greyish- whife, lustrous, ve^c 
Wttle; melts at,c. 900®, and crystallises „in 
regular octahedra on cooling. Only slightly 
volatilised by heating in H or N at 1360® (V. { 
Meyer, B. 20, 497). Unchanged in air at 
ordinary temperature, but oxidised when heated 
in state of powder. Dissolved by HjSO^Aq but 


I not by HOlAq. The atom of Ge Is tetravalent 
in the gaseous moleoales GeOI^ and GeX^. 

' The at. w. has been determined by analysing 
OeClft and determining the V.D., and hence 
mol. w. of the same compound, and also Gel, 
and GeS (Winkler, J. pr. [2] 34, 177). The 
value 72-3 is confirmed by measurements of the 

5. H. of Ge at 100®-400®. Lecocq de Boisbau- 
dran has also calculated the at. w. from obser- 
vations of the spectral linos of Ge (C. R. 102, 
1291). The difference between the mean wave- 
lengths of the characteristic lines of Ge ana 
Si is 443> and between Ge and Sn the difference 
is 624 ; this may be stated as 443 (1 + *4051) = 
624. In the oases of Ga and A1 the difference 
is 149, and th*e difference between Ga and In 
is 205 ; this may be, stated as 149 (1 + *38584) 
= 205. The diffep'nce between the at. ws. of 
Ga and A1 is 42*4, and the difference for 
Ga-In is 43*6 ; this may be stated as 42*4 
(1 + *028302) « 43*6. The difference between the 
at. ws. of Si and Sn is 90. From these data 
the number 72*31 is found for the at. w. of Ge, 
assuming that the relation between variation of 
at. ws. and wave-lengths in the three elements 
Si, Go, Sn is the same as in the three elements 
Al, Ga, In (v. Gallium, Chemical Relations of, 
p. 698). 

Germanium belongs to the same family as 
Si, Sn, and Pb; these four elements form the 
odd-series members of Group IV. Ge is both 
metallic and non-metallic in its chemical re- 
lations. The oxide GeO, dissolves in acids, but 
no salts have yet been isolated ; this oxide also 
dissolves in KOH and KjCOj when fused with 
those salts, and probably forms germanates 
analogous to the stannates; GeS^ also^dissolvcs 
in alkaline hydrosulphides probably forming 
thiogermanates. The existence of the two 
oxides and sulphides GeO and GeOj, GeS and 
GeS^; the composition and properties of GeCl^, 
Gel,*, and GeF, ; the formation of liquid GoHCl, 
analogous to SiHCl, and CHC1„ and of liquid 
Ge(CjH 5 ), similar to Si(0iHJ, ; and the iso- 
lation of HjGeFrt and salts of this acid ; these 
mark the similarity between Ge and Si. _Ge 
also api)par3 to be capable of replacing Si in 
ultramarine. 

Reactions. — 1. Powdered Ge heated in air 
burns to GeO.y — 2. Oxidised to GcO^ by nitric 
acid. — 3. Dissolves in sulphuiic aevi, but not 
in hydrochlonc acid.- Combines directly with 
chlorine, bromine, and iodine, to form GeX,. — 

6. Heated in a current of hydrogen chloride 
GeHCl, is formed.— G. Heated with mercuric 
chloride or bromide GeCl, or GeBr, is produced. 

Detection and Estimation. — The most cha- 
racteristic reaction of Ge compounds is the pro- 
duction of white GeSj by saturating an alkaline 
solution with NH,HS, and then adding excess of 
a mineral aq*^. In estimating Ge, excess of 
NH,HS is added to an alkalino solution, a large 
excess of dilute H 2 S 04 Aq is then added, and the 
liquid is saturated with H^S ; after standing 12 
hours the ppd. GeS^ is collected, and washed 
with dilute HjSO.Aq saturated with HjS ; the 
pp. is then washed off the filter, the residue on 
the filter is dissolved in ammonia, and this solu- 
tion, together with the water used in washinu 
off the pp., is evaporated to dryness in a weighed 
porcelain crucible, the main portion of the pp. 
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is now placed in the crucible, and lihe whole ia 
evaporated to remove adhering HjSO. ; the resi- 
due is heated, nitric acid is added, and the 
whole is again evaporated and heated strongly; 
the residue is now digested with ammonia (to 
remove H2SO4), then dried, heated strongly, and 
weighed as GeOj. If the Ge is obtained as a 
thio salt, along with thio salts of Sb, As, and 
Sn, the solution is diluted to a definite volume, 
a measured portion is boiled with excess of 
normal H^SO^Aq, and the residual H^SO^ is 
determined volumetrically ; the quantity of 
HjSO^ required to neutralise the solntioft is thus 
determined; the proper quantity of H3SO4 is 
then added to another measured portion of the 
liquid, and, after standing 12 hours, the liquid 
is filtered and evaporated io a small volume ; 
NHjAq and NH^HS are addid, then excess of 
HoSO^Aq, and the Ge is ppd. as GeSj by satu- 
rating with HjS (u. supra). 

Germanium bromide GeBr^. A strongly 
fuming colourless liquid, which solidifies a little 
below 0° to white crystals ; decomposed by water 
with ppn. of GeOj and production of much heat. 
Formed by heating Ge in Br, or with HgBtj 
(Winkler, J.pr.[2J 36, 177). 

Germanium chloride GeCl4. Mol. w. 213*78. 
(86®). V.D. 107*6 at 200° to 0. 650° (Nilson a. 
Petter8son,^.P.C.1.27). S.G. 1*887. Criti- 
cal temp. « 276*9° (N. a. P.) (vapour-pressures, 
V. N. a. P., I . C .). A thin colourless liquid, fuming 
in air ; decomposed by water to GeOj ; partially 
reduced to Ge by heating in H. Formed by heat- 
ing Ge in Cl, shaking the product with Hg and 
distilling; or by heating powdered Ge with 8 
times its .weight of HgClj (W., J. pr, [2] 34, 
177). 

When HCl is passed over heated GeS, a 
chloride lower than Ge0l4 is probably obtained. 

Germanium chloroform GeHClg. Mol. w. 
179*41. V.D. at 178° 80*3. A thin colourless 
liquid, boiling at 72° : formed by gently heating 
Ge in dry HCl, and separating the heavier liquid 
from the lighter (separation of the distillate 
into two layers takes place slowly) (W.,J.pr. [2] 
86, 177). 

Germanium ethide Qe(C2H5)4» Mol. w. 
188*06. V.D. 128. A colourless liquid of slightly 
alliaceous odour ; boiling at 160°. Prepared by 1 
mixing *nEt4 with GeCl4, and keeping the mix- 1 
lure cold, as the reaction occurs violently. Slightly ! 
lighter than, and immiscible with, water. Un- ] 
changed by mixture with oxygen at ordinary 
temperatures. Burns in air to (W.,^?.c.). 

Germanium fluorhydrio acid 
When vapour of GeF. [obtained by strongly 
heating GeF4.8HaO) is led into water, the solu- 
tion contains the acid HjGeF. 

Potassium obbmanio-vluokidb KjGeF, (W., 
1.0. ; also Kriiss a. Nilson, B. 20f 1696). Ob- 
tained by adding KHF, to a solution of GeOj in 
HFAq (N. a. ]^, or by using KOI instead of 
KHF. fW.), allowing the pp. to settle, filtering, 
and drying at duU red heat. According to 
N. a. P. the salt is melted without loss of weight 
at bright redness ; and according to W . the s^t 
loses weight above a red heat. Not hygroscopic. 
H. at 100° - 2*6 (N. a. P.). Crystallises in heM- 
gonal forms ; a:c « 1: *80889 ; isomorphous with 
(NHJjSiF, (N. a. P.). 


Germanium fluoride GeF4.3HjO. Very deli- 
quescent crystals, obtained by dissolving GeOj in 
cone. HFAq, and evaporating over H,S04. When 
heated, HF and are evolved, and some GeO, 
is formed; heated to redness GeF4 is evolved, 
and about half the Ge remains as GeOy Pure 
.GeF. has not yet been obtained ; Winkler 
(J. pr. [2] 86, 177) tried to prepare it, (1) by the 
action of H on heated K^GeF^ ; (2) by heating 
GeF4.8H20 in dry CO, ; (3) by heating together 
GeOj, CaF,, and H.^S04 ; (4) heating a mixture 
of J^GeF. with H2SO4. GeF4 is doubtless a 
solid capable of being volatilised (W.). 

Germanium iodide Gel4. Mol. w. 678*42. 
[144°]. (350°-400°) (W., J. pr. [2] 34, 177). 
V.D. at 440° 2^*5 (Nilson a. Pettersson, P. C. 

1, 36). Dissociation, probably into Gel, and I, 
begins c. 660°. A yellow, very hygroscopic solid, 
vapour is inflammable; mixed with air and 
ignited, detonates feebly. Produced by heating 
Ge in B current of CO, containing I vapour. 

Germanium oxides. GeO has probably been 
isolated. GeO, is a well-marked body. 

Germanic oxide GeO,. Produced by burning 
Ge in 0 ; or by oxidising Ge by HNO, ; or pre- 
ferably by decomposing GeCl4 by water. Dense 
white gritty solid ; S.G. [p 4*703. S. at 20° - *4 ; 
at 100° = 1*06 (W., J. pr. [2] 34, 177). Separates 
from solution in water as microscopic rhombic 
crystals. Aqueous solution has a sour taste. 
GeO, dissolves readily in fused KOH and K3CO,. 
Probably forms salts with acids, but none has 
> yet been isolated. 

Gebmaniods oxidb GeO. Described by 
Winkler as obtained by boiling GeCl, with 
KOHAq, and heating the hydroxide (probably 
GeOjH,) thus formed in CO,; but there are 
doubts as to the isolation of GeCl,, inasmuch as 
the substance formerly supposed to be this chlor- 
ide has been shown to be GeHCl, (W., J. pr. [2] 
36, 177). GeO is also formed in small quantity 
when powdered Ge is melted under borax. GeO 
is described as a greyish-black solid; e. sol. 
HClAq, forming a solution which reduces 
KMn04Aq to K,Mn04Aq and ppts. Au and Hg 
from their salts. 

Germanium oxychloride (?) GeOOl,. Wh*n 
Ge is heated in dry HCl, two liquids of almost 
the same S.G. are obtained. The distillate 
slowly separates into two layers ; the lighter is 
an oxychloride, probably GeOOl,. Winkler 
(J. pr. [2] 36, 177) describes jt as a colourless, 
oily, non-fuming liquid, which adheres to glass, 
and boils much above 100°, seemingly without 
decomposition. • 

Germanium, salts of, GeO, probably forma 
salts by dissolving in acids, but none has yet 
been isolated. 

* Germanium sulphides. Both GeS and GeS, 
have been isolated^ 

Germanic sulphide GeS,. Obtained by 
adding NH4HS to an alkaline solution of GeO,, 
then adding considerable excess of 
laturating with HjS, washing first with E,S04Aq« 
satftrated with HjS and then ^ith alcohol, and 
drying m vacuo. A white powder. Heated in 
dry CO, it is partly volatilised, and apparently 
also partially decomposed. H GeS, ia washed 
with water until free from aoid, ana then sus- 
pended in water, an emulsion is formed whidb 
a B 2 
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requires several weeks to clear. About 1 part of I 
the Bolphide treated thus dissolves in 229*1 parts I 
water ; the solution is feebly acid to litmus ; it ! 
soon decomposes with evolution of HjS. GeS, 
dissolves easily in alkaline hydrosulphides, pro- 
bably with formation of thiogermanates. 

Germanious sulphide GeS. Mol. w. 104*28., 
V.D. 1100^-1600° -48 (NilsQU a. Pettersson, 
Z, P. 0. 1, 37). Greyish-black plates; very 
lustrous; red by transmitted light. Obtained 
by heating GeSj in a slow current of H. Heated 
in air gives GeO^. Dissolves easily in warm 
KOHAq, giving residue of Ge ; addition of H^S 
to this solution ppts. GeS as a reddish-brown 
amoi’phous solid. M. M. P. M. 

GINGESOL. An alkaline substance said to 
occur in ginger, the root of Zingiber officinalis 
(Thresh, Ph. [3] 12, 721). According to Thresh, 
the ethereal extract contains, besides gingerol, 
three resins C^HsiOjo, and 

and a terpene. By extracting ginge< with 
alcohol, and distilling the extract with steam, 
Stenhouse and Groves (C. J. 31, 553; cf. 
Papousek, A. 84, 352) obtained a light essential 
oil which yielded protocatcchuic acid on fusion 
with soda. 

GINGKOIC ACID [35°]. Occurs in 

the fruit of Oingko biloba (Schwarzenbach, /. 
1857, 629 ; Viert. pr. Fharm. G, 424). 

GLASS. A mixture of K or Na silicate, or of 
ooth, with one or more silicates insol. water, 
such as silicate of Al, Ba, Ca, Fe, Pb, Mn, Mg, 
or Sr. Pure silicate of K or Na is acted on by 
water; silicate of Ca is decomposed by acids; 
but a mixture of the two is only very slowly 
acted on by water or the commoner acids. The 
greater the proportion of silica and alumina in 
the glass, the less fusible is it, and the more 
slowly is it acted on by acids. 

Glass is slowly acted on by hot water ; the 
more readily the greater the proportion of soda 
or potash in the glass. Glass is corroded or ^ 
etdhed by HFAq with formation of gaseous Sib\. 
Glasses poor in silica are acted on by most avoids, 
which dissolve out bases and separate silica. 
Potash or soda dissolves out silica from glass, 
especially when the solutions are hot and con- 
centrated. Lead glass is blackened by heating 
owing to reduction of some of the Pb silicate to 
Pb. For details regarding different kinds of 
fflass, V. Dictionary of technical chemistry. 

M. M. P. M. 

GLAUGINE. An alkaloid obtained by Probst 
(4. 81, 241) from the leaves of the yellow horned 
poppy {GloAicitmflavum) growing on sandy sea- ! 
shores. Colourless erdsts of nacreous scales 
(from wat^. It is ppd. from solutions of its 
salts by NBt, as a curdy mass which after some 
time becomes pitchy. It is m, sol. hot watOr, v.,, 
sol. alcohol and ether. Tastes bitter. Its solu- 
tion is alkaline in reaction. <Hot BLSO^ gives a 
violet colour ; on adding water a red solution is 
formed, whence NH, throws down an indigo- 
blue pp. The hydrochloride, sulphate. 
'And phosphate of glaucine are crystalline, ana 
V, sol. water and ftlcohol, insol. ether. ^ 

GLATJCOMELANIO ACID v. Ellaoic acid. 

GLAUOOPICEUIE. An alkaloid contained 
In the roots of Qlcmimi flamm {sim luteum) 
(Probst, 4. 81, 254). Granular crystals, sol 
water and alcohol, si. sol. ether. Its salts have 


an extremely bitter and nauseous taste. Animal 
charcoal removes glauoopiorine from solutions 
of its salts. Hot cone. H2SO4 gives a dark green 
pitchy product, insol. water, acids, and ammonia, 
The hydrochloride crystallises in rhomboidal 
plates or in bundles of prisms, sol. water, insol. 
ether. The sulphate and phosphate art 
also orystallisable. 

GLIADIN V . Proteids. , 

GLOBIN V . Haemoglobin and Proteids. 

GLOBULASIN CuHjoO,,. Occurs in the leaves 
of Olobularia Alypum (Walz, 27. J. P. 13, 281 ; 
i Heckel, ' 4. Ch. [5] 28, 72 ; 0, B. 96, 90). 
.\morphou8 *, sol. water, alcohol, and ether. 

' 'I’astes bitter, c Acid in reaction. Ppd. from its 
aqueous solution by iodine and by tannin. Re- 
I solved by boiling dilute acids into glucose and 
: globularotin CaHyO: Globularetin is converted 
I into cinnamic acid by boiling KOHAq. 

GLOBULIN V . Proteids. 

GLOBULOSE v. Proteids. 

I GLUCIC ACID C,^,20,2aq. (R.); C.^H.^O,, 

, (M.). Olycic acid. 

Forviation. — 1. A solution of glucose is 
saturated with lime or baryta and left for several 
weeks. On adding lead subacetate a bulky pp. 
of lead gluoate is formed (Peligot, A. Ch. 07, 

; 154).— 2. Glucose melted at 100° in its water of 
I crystallisation is mixed with warm cone. KOHAq ; 
as soon as the first reaction has ceased the 
liquid is diluted and the glucic acid ppd. by lead 
subacetate (Persoz).— 3. Cane-sugar is boiled 
..with dilute H^SO* in contact with the air. The 
product is filtered, neutralised by CaCO,, evapo- 
rated to dryness, dissolved in a little water, and 
mixed with alcohol which ppts. calcium apo- 
glucate while acid calcium glucate remains in 
solution (Mulder, 4. 36, 243). 

Properties.— Amorphous mass, v, sol. water 
and alcohol. Turns brown at 100°. The aque- 
ous solution turns brown when boiled in contact 
\\ith the air or with dilute H^SO^ or HClAq, 
upogluoio acid being among the products. Ac- 
cording to Grote and Tollens (4. 176, 181) the 
ciilcium glucate of Mulder is calcium levulate 
C.HgCaO,. 

Salts.— (Reichardt, Vieiicljahr. pr. Phernn, 
19, 384, 503.)— Na,H„A"'4: [100°]*, hygroscopic. 
— CaH4A'"jaq.— Ba3H,A''',8aq. — BaH4A'"2aq ; 
very hygroscopic.— MgHA'", aq. — AlA"' : yel- 
lowish-white mass. — Fe,H,A'"8 aaq. — 
Pb,C,8H„0,8 (at 160°). 

Apogiucic acid CjgHjjOn (dried at 100°) 7 
Formed by boiling glucic acid with water or dilute 
aqids ur cane-sugar with dilute H2SO4 (Mulder). 
Amorphous brown mass, v. sol. water, si. sol. 
alcohol, insol. ether. Its alkaline salts form 
I deep redBolutions.--PbO„H,.0,.— AgjOigHigOjg; 

I brown.— CaO„H,gO,„ (at 130^) : brown amorph- 
j ouB mass. 

i Isoapoglubic acid. Formed by heating ace- 
I tone with chlorine, potash, and HCl successive’ y 
1 (Mulder, Z. 1868, 61).-Pb0H804. 

GLUCINUM V. Beryllium. 

GLUCO-COUMABIC ALDEHYDE v. Ohicoaidi 
of COUMAEIO ALDEHYDE. 

GLUCODBUPOBE Oj^HjgOu. The chief con- 
stituent of concretions in pears (Erdmann, 4 . 
138,1). Pale-yellowish grains. Insol. ordinary 
BolvenU, alkalis, cold dilu^ adds, and 
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Sohweizer’B solution. Split up by boiling dilute 
ucids into glucose and druposo 

GLUCOFEBULIC ALDEHYDE v. Feuulic 

AlDBHyDB. 

GLUCOLIGNOSE C^joIIiyO^, ? Occurs in pine 
wood (Erdmann, A. Supiil. 5, 223). Yellowish 
solid, insol. ordinary solvents, v. si. sol. 
Schweizer’s solution. Split up by boiling dilute 
• HCl into glucose and lignose C,yH,yO„ ? (u. 
Cellulose). 

GLUCONIC ACID CyH,jO, t.e. 
CHj(OH).(OH.OH) ,.CO,H. [a]^ = 5-8®. . 

Formation. — 1. From glucose, cane-sugar, 
maltose, starch, soluble starch, and dextrin by 
successive treatment with bromine (or chlorine) 
and Ag.p (Hlasiwetz a. Habernmnn, A. 155, 120; 
Habermann, B. 5, 107; /.J02,297; 172,11; 

, Keichardt, B. 8, 1020; Kiliani, A. 205, 182; 
Herzfeld, A. 220, 342).— 2. By oxidising glucose 
with red mercuric oxide and baryta-water (Herz- 
feld, A. 245, 32).— 3. By the fermentation of 
glucose by mycoderma aceti in presence of 
CaCOg and an infusion of yeast (Boutroux, J. Th. 
1880,62). 

Preparation. — 1. Dextrin (30 g.) is heated 
in a closed vessel with bromine (00 g.) and water 
(500 c.c.) for 6 hours at 100°. The product is 
neutralised with AgP, filtered, fieodfrom silver 
by HjjS, and evaporated over the water-bath 
(Herzfeld, A. 220, 342).— 2. An aqueous solution 
of cane-sugar is treated with bromine until the 
Br ceases to disappear. The HBr formed is re- ^ 
moved by PbO, the solution is then ppd. by lIjS, 
and the filtrato after concentration saturated 
with ZnCOj. The zinc-salt is subsequently de- 
composed^by HjS (Griesharamer, Ar. PJt [3J 15, 
193). 

Propci Uncrystallisablc syrup (contain- 
ing 2aq) ; loses aq at 100°, and the soeond aq at 
125°. Sol. water, insol. alcohol. Docs not re- 
duce Fehling’s solution. Decomposed by alka- 
line hydroxides, alkaline carbonates, baryta, and 
lime. 

Rcactions.—l. Reduced by III and phos- 
phorus to the lactone of oxy-7i-hexoic acid 
(Kiliani a. Klcomann, B, 17, 1296).- -2. Bro- 
tracted treatment with bromine forms bromo- 
forin, bromo-acetio acid, and oxalic acid. -- 3. 
Ag.p forms glycollic acid.— 4. HNO 3 (S.G. 1-4) 
oxidise# it to saccharic and oxalic acids. 

Salts. — Ammonium salt: crystalline 
(Boutroux, C. B. 91,236; 104, 3t59). CaA'., aq 
(from dilute alcohol). S. (of CaA'-J 

3-8 at 16*5°.— CaA V^aq : groups of slender 
needles.-GaCyH.oO, xaq. — Ba A'., 3aq : prisms. 
S. (of BaA',) 3-3 at 16-5°.— BaA'./2aq.— BaA'j aq. 
— BaCyHijO^aaq. - ZnA'j^aq.— CdA',^. — PbAV- 
Pb,,0,H«O, (at 120°). 

Ethyl ether Etk'. Obtained in combina- 
tion with CaCLas (EtAOjCaClj bi| passing HCl 
into an alcoholic solution of the calcium salt. 
The free ether crystallises in needles. 

Penta-acetyl derivative of the ethyl 
ether OjHy(OAc) 5 .CO.,Et. [102°] (Herzfeld, A. 
245, 82). 

Paia-gluoonio acid 0«H, A- . 

Preparation. — If gluconic acid is left in con- 
tact with nitric acid (S.G. 1‘3| for some time, 
and the solution neutralised with alkaline car- 
bonates, salts of an isomeric paragluoonio acid 
are obtained, and can be separated from the me- 


tallic nitrate by alcohol. The free acid is a colour- 
less syrup, of strong acid reaction, sol. water, 
insol. alcohol (Honig, M. 1, 48). The alkaline 
earth salts of this acid cannot be obtained in a 
crystalline form, thus differing from those of 
gluconic acid. According to Volpert [B. 19, 2621) 
•it is identical with gluconic acid. 

Salts.— KA'^at 100°) : crystalline leaflets.— 
Nil, A' (at 100°) : colourless monoclinio needles. 
— Pb.CgHyO, : voluminous white pp. 

GLUCO-PROTElNS v. Peoteids. 

GLUCOSAMINE v. Peoteids ; Appendix (7. 

GLUCOSAN V. SuGABS. 

GLUCOSE V. Sugars. 

GLTJCOSIDES. Substances which, when de- 
cornpo.sed by (filute acids, yield glucose (or some 
other sugar) and anotlier substance not belong- 
ing to the class of carbohydrates (Laurent, 
A. Ch. [3] 36, 330). They are for the most part 
naturij products occurring in plants. They may 
be viewed as compound ethers containing the 
group (C^HiiOg), which is turned out on hydro- 
lysis RCgHiiOj -f H,,0 = RH + 0„H,.,Og. Some glu- 
! co.sidcs may be obtained artificially by the use of 
I acetochlorhydrose CgH,ClAc 40 j : thus helicin is 
. formed by the action of this body upon potassium 
salicylic aldehyde (Michael,i4w. 1,308). Inasmuch 
I as many sugars may be converted into glucose 
! by boiling with dilute acids, the appearance of 
' glucose after this operation does not necessarily 
: invohetbe pre-existence of the residue of that 
' particular sugar in the glucoside. The hydro- 
; lysis may bo effected by boiling with dilute HCl, 

' dilute HoSOj, baryta-water, or dilute alkalis. 

' Some nitrogenous ferments, frequently existing 
in the plants themselves, can effect the hydro- 
lysis even in the cold; e.g, emulsin in almonds, 
myrosin in mustard, and erythrozym in madder. 
The glucosidcs are solid, soluble in water, and 
; usually crystalline. They give Pettenkofer’s reac- 
: tion with bile salts and ILSO,. The following are 
among the more important glucosides that yield 
glucose when boiled with (^luto acids ; arbutin, 

, ruberythrin, salicin, daphnin, assoulin, jalapin, 

: hcllcborin, turpethin, populin, bryonin, ononin, 

I and the nitrogenous glucosides amygdalin, sol* 

I anin, indican, audehitin. The following phlofo- 
I glucidcs resemble glucosides but yield phloro- 
i glucin instead of glucose on^ hydrolysis : 
pliloietin, quercetin, and madurin. The fol- 
lowing ‘ phloroglucosides ’ yield both phloro- 
glucin and a sugar: phlorizin,^uercitrin,robinin, 
and rutin. 

(a)-GLUCOSINE CANj- (136°). S.G.fi 1*038. 
V.D. 8*81. A body formed by heating aqueous 
ammonia with glucose at 100° (Tanret, Bl. [2] 
44, 102). Limpid volatile liquid. Inactive to 
ligiit. -B'HCl: very deliquescent crystals. — 
•B'Mtl : pearly crystals. 

(i3).Glucosine GH.N^. (160°). S.G. 2 1*012. 
V.D. 3*87. Forme* by the action of ammonia 
on glucose at the same time as its isomeride 
(Tanret, Bl. [2] 44, 101). Liquid. The platino- 
•ohlorides of the two glucosines are partially de-* 
coi^posod by boiling water (0. de Coninek, Bl, 
[2] 45, 131). _ 

GLUTACONIC ACID COjH.CSj.CH:aH.CO^. 
[132°]. (Isomeric with oitraoonio acid.) From 
di-carboxy-glutaconic ether {q.v.) and boiling 
HOI 1 Conrad a. Guthzeit, A. 222, 263). White 
prisms. V. sol. water, alcohol, and ether. Not 
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decomposed below 180®. Gives no colour with 
FeClj. Sodium amalgam reduces it to glutario 
acid. 

Salts.— ZnA".—Ag2A\ 

i2fi/erence.— CuLORO-GLUTACONio Aon>. 

GLUTAMIC ACID OjHsNO, i.e. 
C,Hs(NH^(002H)r [202°]. S. 1 at 16® ; S. (80 
p.c. wooholj ’07 at 16°. Oodurs, probably as 
its amide, m pumpkin seeds (Schulze a. Bar- 
bieri, R 11, 710, 1233), vetch seeds (Qorup- 
Besanez, B. 10, 780) and beet-root juice 
(Scheibler, J5. 2, 296; Schulze. B. 10, 85; 16, 
312). It may be isolated from molasses after 
the sugar has been removed by the strontium 
process (Scheibler, B. 17, 1725). Formed, to- 
gether with aspartic acid, by bdiling vegetable 
protelds with dilute H2SO4 (Hitthausen, J. pr. 
99, 464; 107, 218). Formed also by boiling 
casein with HCl and SnOl^ (Hlasiwetz a. Haber- 
mann, A. 169, 167). Among the product? of the 
decomposition of proteids by baryta Schiitzen- j 
berger (A. Ch. [6J 16, 876) found an acid j 
C54NO4 [160°] which formed two silver salts ! 
AgHA" and AgjA", apparently not to be identified 
with glutamic acid. 

Preparation.— The portion of wheat gluten ; 
that is soluble in alcohol (mucelin) is boiled for i 
20 hours with H.SO^ (2^ pts.) diluted with water 
(6|pt8.); the product is neutralised by lime ; 
excess of lime is removed by oxalic acid ; excess 
of oxalic acid by lead carbonate ; and excess of 
lead by H^S. The strongly acid liquid yields by 
evaporation a crystalline mixture of tyrosine, 
leucine, and glutamic acid, from which, by treat- 
ment with hot water (which leaves the tyrosine 
undissolved), and then with alcohol of 30 p.c. 
(which chiefly dissolves the leucine), and re- 
crystallisation from water with addition of 
animal charcoal, and from alcohol of 30 p.o.« 
the glutamic acid is obtained pure. 

Properties. — Trimetnc tetrahedra; a:6:c 
= -801:1; M79 (Von Bath); = -687: *865:1 
(Oebbeke). SI. sol. c^ld water, insol. alcohol. Its 
solutions are acid, and have an astringent taste. 
In aqueous solution it is dextrorotatory, 
[a]D»10'2 in a 2 p.c. solution at 21°. A solution 
ofrits hydrochloride B'HCl is also dextrorotatory, 
[a]o = 20° in a 4 p.c. solution at 21°; but its 
neutral salts are Ifcvorotatory, thus for CaA" 
[a]p«-3-7® in a 6 p.c. solution at 22°. Its 
solution is not ppd. by lead acetate even on 
addition of ammqpia. Glutamic acid does not 
reduce Fehling’s solution. On distillation it 
gives pyroglutamic acid CjH,NO„ and afterwards 
pyrrole. « 

Reactions.— 1. Nitrous acid converts it into 
an inactive oxy-glutario acid.— 2. Baryta-vxiter 
at 166° renders it inactive; but when some 
Penicillium glaucum is placed in a solution oi 
the inactive glutamic acid it again becomes 
active (Schulze a. Bo68har(f, B. 18, 388). The 
inactive acid is m. sol. water (S. 1-7 at 17®). 

Salts.— The glutamates of the alkalis and 
.alkaline earths are v. sol. water and alcohol, and 
dry up to gumn^ masses; the copper salt is 
characteristic and very sparingly soluble. — 
HNaA". — (NH^jjA" — NH^HA". — BaHjA",. — 
BaA''6aq: groups of needles. — GaA''2.^aq: 8. 
•03 in the cold ; *26 at 100° (Hofmeister, SUx. W, 
76, 469).— CaA"2aq: blue crystalline powder 
(Bruize a. Bosshard, B, 16, 818).— OuA" 8iq.— 


AgjA" (at 100°).-H.^"HC1 (at 100°): triclinlo 
tables ; si. sol. cone. HClAq. HjA^HBr. 

Mono-ethyl ether EtHA". [166®]. Crys- 
talline, V. sol. water, si. sol. cold alcohol, insol. 
ether. Alcoholic ammonia at 160° converts it 
into glutimide. 

Amide OsHioNjOj i.e. 

0,H,(N^(062H)(CO.NH2). S. 4 at 16®. Occurs 
in the juice of rM beet-root, from which it it “ 
isolated by precipitation with Hg(NOa)4 (Schulze 
a. Bosshard, B. 16, 312). Occurs also in pump- 
kin-seeds (Schulze a. Barbieri, J.pr. [2] 20,388 ; 
32, 467). Slender white needles ; v. sol. hot 
water ; insol. absolute alcohol. Its aqueous 
solution is inactive, but its solution in dilute 
H28O4 or oxalic acid is dextrorotatory. Heated 
with acids or alkal’S it gives glutamic acid. 

Imide 0 ,Hj(NH 2 )<^q>NH. Formed by 

heating ammonium glutamate for five hours at 
190°. Needles. S. 8*7 at 16-6°.-CiH,N202HCl. 

-CaHaAgNjO,. 

OLTJTAKIC ACID v. Oxv-olutabic Acm. 
GLUTAEIC ACID C.HaO^ i.e. 
CO2H.CH2.CH2.CH2.CO2H. Normal pyrotartaric 
acid. Deoxyglutanic acid. Mol. w. 132. [98°]. 
(c. 300°). S. 83 at 14°. S.H. (0°-94°) -3401 
(Hess, W. [2] 35, 410). Occurs as the K salt 
in the grease of sheep’s wool (Buisine, C. R 
107, 789). 

Formation.— 1. By heating oxy-glutaric acid 
(1 pt.) with cone. HIAq (4 pts.) at 120° for 8 
hours (Dittmar, J. pr. [2] 6, 338) —2. By the 
saponification of trimethyleno cyanide prepared 
from trimethylene bromide and alc^olic KCy 
(LermontoS, B. 9, 1441 ; Reboul, Bl. [2] 25, 
386 ; Markownikoff, A. 182, 341). —3. From 
a-acetyl-glutaric ether {q.v.) and cone, alcoholic 
KOH (Wislicenus a. Limpach, A. 192, 128). — 

4. By heating menthol with HNO, (20 vols.) 
(Moriya, C.J.SO, 78).~ 5. By treating glutaconio 
acid with sodium amalgam (Conrad a. Guthzeit, 

I A. 222, 254). — C. By heating propane tetra- 
carboxylic acid to 180° (Kleber, A. 246, 110).-— • 

7. By boiling di-oxy-propane tri-carboxylio acid 
with HIAq and phosphorus (Kiliani, B. 18, 640). 

8. Among the products of the oxidation of 
myristic acid by HNO, (Noerdlinger.B. 19, 1898). 

Properties.— h&Tge transparent mcLioclinio 
prisms. V. e. sol. water, alcohol and ether. 
When heated with bromine and water at 120° 
some di-bromo-succinic acid is formed (E. Bour- 
goin a. Reboul, C. B. 84, 666). 

Sdlts. — NH4HA": concentric crystals.— 
(NH.)2A".-NaHA"2aq. -NajA^'o^aq.— KHA".- 
K^'’aq.— CaA"4aq : ^tellate groups of slender 
needles, more sol. cold than hot water. S. 60 at 
16o._BaA"6aq : small transparent needles, v. 
sol. water.— MgA"3aq ; small needles (from dilate 
alcohol); v. *e. sol. water.— ZnA'': needles. 

5. '1 at 18®. The solution deposits on heating 
characteristic minute rectangular plates with 
Fe*entering angles. — PbA"aq ; heavy crystalline 
pp.— OuA"iaq.— Ag,A" J needles (from hot 
water). 

Mono - ethy I ether "EiEk''. An oil formed 
by the action of alcohol on the anhydride in the 
cold (M.). 

Di-ethyl ether Et,A". (287®). S.G. W 

1-035. 
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Chloride C,He(C001)j. (217°) (Reboul, 

A. Ch. [5] U, 610). V / \ 

Anhydride CgHJCA). [67°]. (o. 287°). 
From the silver salt apd AoCl(M.). Slender 
iioodlds 

Imide OsHjNO.^. [162°]. Prepared by 
heating at 176°-180° the mixture of neutral 
and acid ammonium glutarates, obtained by 
neutralising glutaric acid with ammonia. Am- 
monia and water are given off, and the imide 
collects partly in the neck, partly at the bottom 
of the flask. The product is obtained in the 
pure state by crystallising from alcohbl. Bril- 
liant scales, subliming above its melting-point, 
sol. water and benzene, insol. ether. Its silver 
salt is a crystalline powder. Heated with zinc- 
dust it forms a hydrocarbon and a basic sub> 
stance, probably a hydrid^of pyridine. After 
heating with PCl^ at 60° on distilling the 
residue in a current of steam, a substance 
CjHflOlsN is obtained, crystallising in needles 
[60°] which appears to possess the constitution 

inasmuch as, when heated 

with hydriodic acid and amorphous phosphorus, 
it yields a substance approximately of the com- 
position of chloropyridine (Bernheimer, O. 12, 
281). 

GIUTAZINE V. Di-oxy-amido-pyridine. 

GLUTEN V. Protxsidr. 

GLUTEN-FIBRIN v. Proteids. 

GLUTIC ACID V, Glutinic acid. 

GLUTIMIC ACID CsH^NOj. [180°]. One (jf 
the products of the decomposition of proteids 
with barium hydroxide ; glistening, voluminous 
prisms, sparingly sol. cold water, insol. cold 
alcohol.* A monobasic acid, forming a sparingly 
soluble mercuric salt (Schiitzenberger, A. Ch. 
[6] 16, 373). 

GLUTIN V. Proteids. 

GLUTINIC ACID i.e. 

HO2C.CjC.CH2.CO2H. [146°]. Formed by the 
action of alcoholic KOH upon i8-chloro-gluta- 
conic acid H02C.0H:CC1.C^.C02H ; tho yield 
is 30-40 p.c. of the theoretical. Slender needles, 
v. sol. alcohol and ether, insol. benzene and 
chloroform. On heating the acid or its mono- 
potassium salt with water, it is converted with 
evolution of CO* into a very unstable mono- 
basic acid, probably HCjC.CH^.COaH, which 
gives the acetylene reactions. — A'Tb : white pp. 
— “^'Kiaaq: long flat needles.— -’‘A"Ba xaq : 
slender needles (Burton a. Pechmann, B. 20, 
148). 

GLTCERAMINE v. Glyoidauike. , 

GLYCERIC ACID i.e. • 

CH2(0H).CH(0H).C02H. Mol. w. 106. ajS-Bi- 
oxy^propionio octd. Seat of neutralisation by j 
PajO- 11,334; by Na20- 12,127 (Gal a. Wm- 
ner, Bl. [2] 47, 163). 

Formation.— 1. By the graflual oxidation of 
glycerin by nitric acid (Debus, P. M. [4] 16, 
196 ; A. 109, 227; Soooloff. A, 106, 96).— 2. By 
the spontaneous decomposition of nitroglycerin 
(De la Rue a. Mflller, A. 109, 122).-3. By herft- 
in g glycerin (1 mol.) with bromine (2 mols.) and 
a large quantity of water at 100° (Barth, A. 124, 
841 ). — 4 . By heating a-ohloro-/3.oxy-]^ropiomo 
acid or jS-ohloro-o-oxy-propionio acid with moist 
AgjO (Melikoff, 0. C. 1881, 864; B. 18, 272; 
nijok, A, 206, 846).— 6. By heating a/i-di-bromo* 


! propionic acid with moist Ag.t) (Beckurts a. 
Otto, B. 18, 238).— G. By heating oxy-acrylio 
acid C3H4O8 with water (Melikoff). 

Preparation. — 1. By mixing 60 g. of glycerin 
with 60 g. of water in a large glass tube, and 
adding, by means of a funnel reaching to the 
^ bottom, 60 g. of fuming nitric acid. After three 
’ or four days the contents of three such tubes 
are slowly evaporated on the water-bath down to 
about 270 g., and the syrupy mass thus obtained 
is preserved in a flask allowing the escape of 
gas, which is slowly given off. 1,620 g. of the 
syrupy mass are next mixed with 11 litres of 
water, 2,400 g. of white lead are gradually added, 
and the mixture is left to stand for a day. The 
vessel is thej warmed, with constant stin'ing, 
to 61°-66°, and kept at this temperature for 
two hours. The liquid is decanted and allowed 
to deposit crystals, the mother-liquor added to 
the solid mass, the water lost by evaporation 
replaced, and the operation repeated two or 
three times. The lead salt thus obtained is de- 
composed by H2S (Mulder, B. 9, 1902; cf. Beil- 
stein, A. 120, 226).— 2. Mercuric oxide and 
baryta arc added to a concentrated boiling aque- 
ous solution of glycerin. When the liquid is 
saturated with baryta the addition of UgO is con- 
tinued until reduction no longer takes place. TI10 
liquid is filtered, treated witii CO^, again filtered, 
and evaporated to a syrup, which is freed from 
glycerin by washing with alcohol. The residue 
is dissolved in water, tho Ba is ppd. by the cal- 
culated quantity of HBO^, and the glyceric acid 
which remains purified, if necessary, by means 
of its calcium salt. Tho yield is 45 p.c. of the 
glycerin used (Bornsteiii, B. 18, 3357). 

Properties.— Uncrystallisablo syrup ; mis- 
cible with w^ater and alcohol, insol. ether. When 
heated for some time at 105° it is converted into 
a soft, very tenacious, anhydride 0,H,Oj ; fur- 
ther application of heat gives formic, acetic, 
pyruvic, and pyrotartaric acids and an acid 
CbH.oO^ [83°] (Moldenhauer, A. 131, 323 ; Bot- 
tiuger, A. 196, 92). D^tillation with KHSO, 
forms pyruvic acid (Erienmeycr, B. 14, 321). 
Glyceric acid prevents the ppn. of cupric and 
ferric hydrates by potash. It is optically inac- 
tive, but a solution of ammonium glycemte is 
rendered lisvorotatory by Penicillium glaucum 
(Lewkowitsch, B. 16, 2720). 

Reactions. — 1. Iodide of phosphorus forma 
iS-iodo-propionic acid,— -2. Boiling cone. EOHAq 
forms oxalic and lactic aej^s. — 3. Pota>sh-fusion 
gives formic and acetic acids. — 4. PCI, gives 
CHjCl.CHCl.COGl (Wiohelhaus, A. 136, 248). 

S al 1 3 .— NH4A' b radiating deliquescent orys- 
tals.— KHA'2 : small crystals ; the neutral K salt 
decomposes on evaporation. — CaA'.^ 2aq : nodules 
composed of minute tables or prisms;^ sol. water, 
insol. alcohol ; on adding alcohol to its aqueous 
solution mon(wlinic crystals are got. — SrA\: 
crystals; nearly insol. cold, v. sol. hot, water 
(GarzaroUi-Thurnlack, A. 182, 190). — BaA'^. 
large spherical aggregates of concentric laminss, 
V. e. sol. hot f ater, insol. alcohol.— MgA'a Saq : 
•stellate groups of small qfiaoresoent orystaA.— 
ZnA'gaq ; small crystals.— Cd A', 2aq.—PbAV-^ 
OuA', : minute sky-blue cfystals, m. sol. oold 
water.— MnA'j 3aq.— AgA' : minute prisms (from 
water). 

Ethyl ether EtA'. (280°-240°). M. « 
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1’198. Pormed by heating glyceric acid (1 pt.) 
with alcohol (4 pts.) at 176® (Henry, B. 4, 701). 
Sticky liquid. A mixture of HNO, and ILSO, 
converts it into its oily di-nitrate C,Hj(N 03 ).CEt. 

Anhydride or lactone CjE^Oj. Separates 
from an aqueous solution of glyceric acid evapo- 
rated at 100® and left to rest. Slender six-sided, 
needles (from water). Insol. i()cohol and ether. 

It dissolves in 647 pU. of boiling water, by which 
it is slowly re-converted into glyceric acid. 

GLYCEBIC ALDEHYDE (?) or 

"OjHjjO,. 

Preparation.Sy the action of platinum 
black (best prepared by the method of Idrawko- 
witsch) on glycerin mixed with double its weight 
of water. The mass is extracted rith water, and 
concentrated on a water bath in vacuo. 

Renefions.— Reduces Pehling’s solution and 
ammoniacal nitrate of silver. Is coloured yellow 
on boiling with lime or baryta water. Becomes 
strongly heated when shaken with a solitiion of 
NaHSO,, after which alcohol ppts. a gummy 
matter, but NajCO, or HjSO^ do not set free an 
aldehyde from this mass. Phenyl-hydrazine 
hydrochloride and NaOAo gives a coloured pp. ; 
on fractional ppn. several derivatives are ob- 
tained, none of which have been obtained pure. 
Of the part soluble in alkalis after a crystallisa- 
tion from benzene, and one from weak alcohol, 
the melting-point is constant [193®]. The al- 
dehyde ferments with yeast, but the quantity of 
GO, obtained is small compared to its reducing 
power (Grimaux, Bl. [2] 47, 886; cf. Renard, 
C, a. 82, 662). The same body occurs among 
the products of the action of nitric acid upon 
yeast, and it appears to be closely allied to the 
sugars (Grimaux, C. B. 106, 1176). 

GLYCERIN O^HgO, i.e, 

OH,OH.OH(OH).C^OH. Olycerine. Olyccrol. 
Mol. w. 92. [20®] (Nitsche, D. P. /. 209, 145). 
(290® cor.), S.G. 1-2635 (Nicol, Ph. [3] IS, 
302) ; 1-2624 ; |f 1-2688 (Perkin, G. J. 46, 607) ; 

^ 1-2690 (Brdhl). M.M. 4-111 at 16® (P.). H.F.p. 
-1364 (Ramsay). m/(’ 1-478. Roo 33*70 (B.). 8.H. 
*612 (Winklemann, P. 163, 481). Isotonic co- 
efficient’. 1-78 (De Vries, Ann. Agr. 14, 376). 

Glycerin, as was first shown by Chevreul, 
belrs the same relation to the fats and fatty oils 
that alcohol does to acetic ether, and is, there- 
fore, formed from them by boiling with aqueous 
alkalis, baryta-water, lime-water, litharge and 
water, or even by heating (under pressure) with 
water alone. It 'was discovered in 1779 by 
Scheele, who obtained it in the preparation of 
lead plaster by saponifying lard with lead oxide. 

Formation, — 1. Always produced in the al- 
cohoUo fermentation of sugar, the amount being | 
about 8 p.o. of the sugar used (Pasteur, 0. B. 46, 
867 ; 47, 224). Hence it occurs in all fermented | 
liquors. Wine may contain about 1 p.o. of gly- 
cerin. Brandy also mav oontmn a little glycerin 
(Morin, C. B. 105, 1019).— 2. When s-tri-bromo- 
propane GHgBr.GELBr.CHiBr is heated with 
AgOAc there is formed glycerj^ tri-acetate or tri- 
acetin CH,(OAc).OH(OAoJ.OHj(OAc). Baryta- 
water converts this tri-acetm into glycerin (Wurxz, 
A. Ch. [8] 61, 97).— 8. SynthetioaUy prepared 
from acetone by successiva conversion into iso- 
propyl alcohol, prop;^lene, propylene chloro-io- 
mde, propylene chloride, and tri-chloro-propane. 
The tri-chloro-propane was obtained by heating 


propylene chloride with iodine chloride at 140*, 
and was converted into glycerin by heating with 
water at 180® (Friodel a. Silva, 0. B. 76, 1694). 

Preparation.—!. By saponification with ox- 
ide of lead.— Five pts. of finely pounded litharge 
are heated with nine pts. of olive oil or any other 
glyceride and a small quantity of water, the mix- 
ture being stirred, and the water renewed till the 
oxide of lead is converted into a plaster ; the * 
watery liquid is then separated from this plaster, 
and freed from lead by a stream of H^S, and the 
filtrate is evaporated to a syrup over the water- 
bath. i or many years all the glycerin of com- 
merce was obtained by this method ; but it was 
very apt to retain small quantities of lead, the 
presence of which is very objectionable in any 
therapeutic application of glycerin.— 2. From the 
alkaline mother-liquor of the soap-works glycerin 
may be obtained by distillation with superheated 
steam.— 3. By saponifying tallow with lime and 
water, ppg. excess of lime by H,S 04 , and evapo- 
rating.— 4. By distilling fats in a current of su- 
perheated steam at 300° ; the fats are then de- 
composed, and the glycerin which distils over is 
finally rectified in vacuo. 

Properties. —Thick syrup with sweet taste. 
Neutral to litmus. Miscible with water, alcohol, 
and chloroform, but insol. ether. It is slightly 
volatile with steam (Conttolenc, Bl. [2J 36, 130). 
Volatilisation of glycerin does not, however, 
take place as long as 60 p.c. of water is present, 
and even when there is only 26 p.o. water, mere 
^traces of glycerin pass over (Hehner, An. 12, 
65 ; cf. Nessler a. Barth, Fr. 21, 44 ; 23, 329). 
When distilled under atmospheric pressure it is 
partially decomposed, but it may be distilled 
under diminished pressure without decompo- 
sition. It boils at 180° under 12*6 mm. pressure 
(Bolas, C. J. 24, 84). Glycerin is hygroscopic 
and may absorb as much as 68 p.o. of water from 
the air (E. Williams, 0. C. 1881, 76). The fol- 
lowing table gives the specific gravity at 20° of 
solutions of glycerin, compared with water at 
20° (Nicol, P/t. [3] 18, 302):—' 

Glycerin per cent. Simfilflc frr.vvlty 

100 . . . 1*20348 

90 . . . 1-2.1720 

80 . . . 1*21010 

70 . • . 1-18293 

60 . . . 1*16661 ^ 

60 . . . 1*12831 

40 . . . 1-10118 

30 . . . 1-07469 

20 . . . 1-04884 

- 10 . . . 1*02391 

A 10 p.c. solution of glycerin freezes at -1®; a 
20 p.c. solution at -2*6®; a 80 p.o. solution at 
- 6® ; a 40 p.o. solution at - 17*6® ; and a 60 
p.c. solution at - 31°. Pure glycerin may be ob- 
tained in deliquescent trimetric crystals melting 
at 20® : a:h:c = *70 : 1 : *66 (Nitsche, D, P. J. 209, 
145 ; Von Lang, P. 162, 637). Glycerin burns with 
t a colourless flame. Glycerin dissolves iodine. An 
aqueous solution of glycerin dissolves more ASjO, 
than pure water (Sohifl, A. 118, 86), Aqueous 
solutions of glycerin dissolve baryta, strontia, 
and lime. Pure glycerin dissolves KOH and 
NaOH. Glycerin dissolves all deliquescent salts, 
and also the inlphates of K, Na, and Ou, and the 
chlorides of K and Na (Pelouze, A, 19, 210; 20, 
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46). Aqueous and even dry glycerin dissolves 
I’bO. FeOlj mixed with much glycerin is not 
ppd. by alkalis (c/. Puls, J.pr. 15, 83). Cupric 
sulphate mixed with glycerin forms, with a small 
quantity of potash, a pp. which dissolves in ex- 
cess of potash ; but on boiling the resulting deep- 
blue solution bluish flakes are deposited. Glycerin 
renders borax solution acid (D. Klein, C. B. 86, 
•826 ; Senior a. Lowe, Ph. [3] 8, 819 ; C. J. 33, 
438 ; Donath a. Mayrhofer, Fr. 20. 879 ; Dun- 
Btan, Ph, [3] 18, 257). 

Tests, — Glycerin is optically in active^ so that 
adulteration with sugar may readily be detected 
by the polariscope. The presence of glycerin in 
a saccharine liquid may be detected by mixing 
with slaked lime and sand, evaporating over a 
water-batl?, and extracting tlft^nearly dry residue 
with alcohol-ether ; the alcohol-ether on evapo- 
ration leaves the glycerin behind ; a borax bead 
after dipping in the glycerin colours a flame 
green (Senior a. Lowe, G. J, 33, 438 ; Donath a. 
Mayrhofer, Fr. 20, 383). If a mixture of equal 
volumes of glycerin, phenol, and H.SO, be heated 
to 120°, diluted with water, and treated with 
NH„ a crimson colour is developed (Keichl, B. 
9, 1429). 

Estimation. — 1. When an aqueous solution 
is shaken with benzoyl chloride and sufficient i 
NaOHto make it alkaline, an insoluble crystalline | 
pp. is produced, wliich chiefly consists of the di- 
benzoyl-derivative C,H5(0 Bz)j( 01I). When crys- 
tallised from petroleum -ether it forms long 
colourless needles [70°], v. sol. alcohol and ether, 
insol. water. Other hydroxylated compounds 
must be absent. The reaction can be used for 
the quantitative determination of glycerin in 
beverages Baumann, B. 19, 3221 ; Dicz, H. 11, 
472).— 2. Commercial glycerin (Ig.) is boiled for 
1 hour with (7 g. of) Ac^O and (3 g. of) dry NaOAc 
in a flask with inverted condenser ; the product 
is diluted with water (50 o.c.) and heated to boil- 
ing. In this operation the glycerin is converted 
into the tri-acetin. and the amount of tri-acetin 
can be determined after filtration by neutral- 
isation of free acid by NaOH, saponification 
with standard NaOH and titration with standard 
HCl (Benedikt a. Cantor, M. 0, 621). — 3. Cham- 
pion and Pellet {Bl. [2J 19, 403) estimate the 
amount of glycerin in commercial samples by 
treatrao(it with a mixture of nitric acid and 
H.;SO^, the resulting nitroglycerin being dried 
at 100° and weighed.— 4. A safer method con- 
sists in mixing the liquid (1 pt.) with lead oxide 
(25 pts.) and evaporating to a constant weight at 
130° ; the increase in weight of the load diidt^is 
noted (Morawski, Fr. 21, 130).— 5. For the esti- 
mation of glycerin in toim, Macagno {D. P. J, 
216, 95) digests a litre of*the wine with recently 
precipitated lead hydroxide; evaporates the 
liquid on the water-bath, then a^ds a further 
quantity of lead hydroxide; exhausts the mass 
with absolute alcohol, and precipitates the dis- 
solved lead by a stream of carbon dioxide. The 
filtered liquid when evaporated leaves nearly pure 
glycerin.— 6. The estimation of glycerin in wine 
or beer may be effected by mixing with milk of 
lime and chalk, evaporating to dryness, and ex- 
tracting with alcohol. The alcoholio extract is 
evaporated to a small bulk, mixed with alcohol- 
ether, filtered if necessary, dried at 105°, and 
weighed (Weigert, C. 0, 1888, 1611 ; cf. Olaus- 


! nizer, Fr. 20, 80). Instead of weighing the glycerin 
it may be oxidised either by boiling with K,,Cr/), 
and H^SO^, or by heating with KMnO, and il..'?!), 
at 40°; in either case the amount of carboiuo 
acid evolved or the amount of reduction effected 
may be noted (Lcgler, An. 12, 14 ; Hehner, An. 
12, 44, 65 ; Planchon, C. R. 107, 246 ; Cross a. 
Bevan, G. N. 55, 2).— 7. An aqueous solution of 
glycerin (about *25 g.) may be oxidised by KMnO^ 
after addition of KOH (5 g.), and the oxalic acid 
formed ppd. as calcium salt (Fox a. Wanklyn, 
C. N. 63, 15 ; Benedikt a. Zsigmondy, Fr. 25, 
587 ; Allen, An. 11, 62 ; Jolles, Fr. 27, 621). 

Reactions.— 1. Partially decomposed by dis- 
tillation yielding acrolein, acetic acid, CO^, and 
polyglyccric cdtnpounds. When distilled with 
PjOj or KHSO, it yields acrolein. When dis- 
tilled with CaCL it yields acrolein, acetone, pro- 
pionic aldehyde, phenol, Ac. (Linnemann a. 
Zotta, A. Suppl 8, 254 ; 174, 87).— 2. Glycerin 
is oxidised by the air in presence of platinum- 
black to GO^ and water ; at the same time the 
so-called glyceric aldehyde (a kind of stigar) is 
formed. This body is fermentable by yeast 
(Grimaux, BL [2j 49, 251; G. R. 105, 1175). A 
substance resembling glucose is also formed by 
placing glycerin in contact with iron that is 
undergoing oxidation in moist air (Kosmaun, Bl. 
[2J 27, 2 IG).— 3. Propionic and formic acids are 
among the products of the oxidation of glycerin 
in alkaline solution by ozone (Gorup-Besanez, 
A. 125,211).-4. MnO, and HCl or H.SO^ yield 
•COj and formic acid.— 5. If fuming nitric acid 
and dilute glycerin arc left in contact in two 
layers in the rold, gradual oxidation takes place 
with formation of glyceric, racemic, glycollic, 
glyoxylic, oxalic, formic, and hydrocyanic acids 
(Debus, .4. lOG, 79 ; Beilstein, A. 120, 228 ; 
Ileintz, A. 152, 325 ; Przybytek, Bl. [2] 86, 108). 
By the action of HNOj on glycerin in the cold 
Przybytek {Bl. [2] 36, 146 ; 37, 342) also ob- 
tained an acid C^HjoOg, apparently identical 
with saccharic acid, and inactive tartaric acid, 
as well as racemic acid. Werigo {G. C. 1881, 
612) by oxidising glycerin with HNO, obtained 
an acid CaHj 04 . On warming glycerin with 
dilute nitric acid (S.G. 1'18) a violent reactijjn 
ensues, and after removal of the nitrous acid 
with urea a liquid is obtained which reduces 
^ Fohling’s solution and gives with phenyl-hydra- 
zine hydrochloride the crystalline di-phenyl- 
hydrazide, ‘ phenyl glycerosazone ’ C, 5 H„N 04 or 
CH2(0H).C(N,HPh).CH(N,nHi) [131°] (Fischer 
a. Tafel, B. 20, 1088).— 6. If lead hydroxide (500 g.) 
be added to boiling amjeous (85 p.c.) glycerin 
(1,000 g.) and, after cooling to 0°, the resulting 
load compound be washed with alcohol and 
ether, dried at 100°, and exposed to bromine 
•vapour, * glycerose ’ is formed. It may be ex- 
tracted by alcohol, and after evaporating the 
alcohol and treatitg the residue with BaCO, to 
remove acids, it can be dissolved in ether. 
Glycerose is a syrup whioh reduces Fehling’s 
solution, fermcuts#vith yeast, and when treated 
wi^ phenyl-hydrazine yields phenyl-glyoer* 
osazone. However, it appear^ to be a mixture, 
since it yields two oxy- acids wlien warmed with 
cono. HCyAq (Fischer a. Tafel, B. 21, 2634). If 
glycerin (10 pts.), NojCO, lOaq (36 pts.), water 
(60 pts.), and bromine (15 pts.) be mixed at 10^ 
i and the solution be mixed with phenyl-hydra- 
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Bine Bolution two osazones are got, 

[217°] anda69°] (Fisoher a.Tafel.S. 20,3384).— 
7. A mixture of and cone. IljSOg gives the 
trinitrate, oommonly called nitroglycerin. — 8. 
Alkaline KMnO^ forma COj, formic acid, pro- 
pionic, and traces of tartronic acid. The latter 
is often present as the acid manganese salt 
^ Mn(00«0H(0H1.00gH), (Oaifipani a. Bizzarri, 
^ 0. 12, l). By using strongly alkaline KMnO^, ox- 
alic acid (1 mol.) and CO, (1 mol.) were obtained by 
Fox a. Wanklyn (C. N. 63, 16 ; cf. Planchon, C. R. 
107, 246). — 9. A solution of glycerin acidulated 
with 6 p.o. of HjSOg yields on electrolysis formic 
paraldehyde (tri-oxy-methylene), formic, acetic, 
oxalic, and glyceric acids, and a glucose (polymer- 
ide of tri-oxy-methylene) which 'rorms a barium 
compound OgH,,Og3BaO, is not fermented by 
yeast, and is oximsed by HNO, to oxalic acid (Be- 
nard, A. Ch. [6] 17, 303). Bartoli a. Papasogli 
(G. 13, 287) obtained acrolein, formic paral/lehyde, 
glyceric acid, and formic acid by electrolysing 
glycerin. — 10. Lime and AgjO form glycollic and 
formic acids (Kiliani, B. 16, 2416).— 11. Accord- 
ing to Dumas a. Stas (A. 35, 158) by gently 
heating glycerin with KOH it is converted into 
potassium formate and acetate with evolution of 
hydrogen. Herter (B. 11, 1167) also obtained 
lactic acid.— 12. On distillation with catistic 
soda it is on the one hand reduced to propylene 
glycol, and qh the other hand oxidised to formic 
acid ; other products are methyl, ethyl, and 
»-propyl alcohol, hexylene and other hydrocar- 
bons, acrolein, and various ketones (Belohoubek,*' 
B. 12, 1872 ; Letts, B. 6, 159 ; Fernbach, Bl. 
[2] 34, 146). — 13. Distillation of the calcium 
derivative GaOgHgO, gives methyl, ethyl, and 
hexenyl alcohols, aldehyde, acetone, di-ethyl- 
ketone, a ketone C,H,jO fl24°), mesityl oxide, 
and phorone (Destrera, A, Oh, [6] 27, 20).— 
14. B;^ heating with bromine and water at 100° 
glyceric acid and bromoform are produced (Barth, 
A. 124, 341). Bromine dropped into heated dry 
glycerin forms acmlein. For the action of 
bromine and NajCO, v. Reaction 6.— 16. HIAq 
converts glycerin into allyl iodide and propylene; 
an excess of HI forms isopropyl iodide (Erlen- 
meyer, A, 139, 211). When glycerin is neated 
with HGl mono- and di-chlorhydrins are formed, 
together with acrystallinecompound[110°], which 
appears to be a polymeride of epichlorhydrin 
(Fauconnier a. Sanson, Bl. [2J 48, 236). HBr 
forms mono- anj di-bromhydrins.— 16. Iodide 
of Vhosphorus PI, forms propylene, allyl iodide, 
and a little allyl alcohol (Berthelot a. De Luca, 
A.Ch. [3] 43, 267 ; 44, ?50 ; Henry, B. 14, 403). 
Glycerin may be conveniently converted into 
allyl iodide by running a solution of iodine 
(4^ g.) in allyl iodide (ICO g.) into a heated 
mixture of glycerin (2,000 g.), iodine (60 g.) ana 
red phosphorus (200 g.) (BAhal, Bl [2] 47, 876). 
Glycerin (200 g.) may aW be converted into 
allyl iodide by mixing with iodine (135 g.), add- 
ing clear phosphorus (40 g.) cautiously and dis- 
, tiling ini^ current of GO,. \^en glycerin (2 ptsi) 
is mixed with io^e (30 pts.) and red phosphorus 
(6^ pts.) is cautiously added to the cooled mix- 
ture, isopropyl ' iodide is formed, and may be dis- 
tilled over. Aluminium foil and iodine also 
form allyl iodide (Hodgkinson, 0, N. 85, 237). — 
17. PBr, and PBr* form mono- and di-bromhy- 
drin and s-tri-bromo-propane (Berthelot a. De 


Luca, A. Ch. [3] 48, 304). PCI, and PGl. act in 
like manner.— 18. SjGl, forms di-ohlorhydrin 
and s-tri-chloro-propane (Garius, A. 124, 222; 
cf. Wolff, A. 160, 69).— 19. When glycerin is 
distilled with ammonium chloride a chlorinated 
compound (176°) is formed, together with some 
acids, and a base * glyooline ’ G„H,oN, (166°). 
S.G. AS 1*008. This base forms a platinoohloride 
B"H,PtGlg, a deliquescent ciwstalline hydro- 
chloride B"HG1, and a crystalline ethylo-iodide 
B"EtI (fitard, 0. R. 92, 796).— 20. When gly- 
cerin i^ heated with acids one or more acid 
radicles usually displace its hydroxylic hy- 
drogen. Thus acetic acid forms the aoetins, 
citric acid fdtms the citrins, phosphoric acid 
forms glycero-phosphoric acid, sulphuric acid 
gives glycero-sulpBuric acid.— 21. Excess of 
oxalic acid is spht up by glycerin at 100° into 
formic acid and GO, (Berthelot, A. 98, 139). 
When excess of glycerin is heated with oxalic 
acid at 200°-250° it is reduced to allyl alcohol 
(Tollens, A. 156, 130). Distillation with formic 
acid also converts glycerin into allyl alcohol 
(Henrilnger, Bf.[2] 21, 242). — 22. When glycerin 
is distilled with citric acid there is formed gly- 
cide pyruvate GH,.GH.GH,.O.GO.GO.CH 3 [82°] 


(241°) (De Glermont a.Ghautard, O.R. 106,620). 
23. Distillation with NajS gives an oil (68°) 
whence HgO gives a crystalline compound [35°] 
(Schlagdenhauffen, 0. R. 76, 1021). —24. Heated 
with anhydrous borax it forms NaBO, and the 
borin GjHjBOg which is decomposed by water 
into boracic acid and glycerin (Dunstan, Ph. [3] 
14, 411.-25. Glycerin acts upon benzoic aldehyde 
at 200°, forming benzylidene-glycerih 


GeHj.GH 
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a liquid that is not volatile under atmospheric 
pressure, but boils under 20 mm. pressure at 
190°-200° (Harnitz-Harnitzky a. Menschutkin, 
A. 136, 127 ; Bl [2] 3, 263). In a similar 
manner it reacts with acetic aldehyde^ forming 

ethylidene-glyoerin GH,.CH<^^^C 3 H,(OH) 


(184°-188"), S.G. 1-081, V.D. 4-162; and with 
valeric aldehyde forming amylidenc glycerin 
(224°-228°), S.G. 2 1-027, V.D. 6-626 (calc. 
6-544).— 26. Glycerin in dilute solution under- 
goes fermentation (due to Bacillua butylicus ?) 
in presence of chalk forming n-butyl alcohol, 
e*hyl alcohol, n-propyl alcohol, «-arayl alcohol 
(138°), trimethylene glycol, hexoic, butyric, lactic, 
and acetic acids, and evolving GO, and hydrogen 
(Fitz, B. 9, 1348 ; 10,^76 ; 11, 42 ; 13, 36, 1311; 
16, 876; Morin, 0, R. 105, 816; c/. Berthelot. 
A. Ch. [8] 60, 846 ; Becharap, Z. [2] 6, CG3 ; 
Hoppe-Seylw, H. 8, 353 ; C. J. 40, 82 ; Freund, 
M. 2, 638).— 27. Distillation of glycerin (1 kilo.) 
with vinc-nMsf (2 kilos.) yields propylene, acrolein, 
allyl alcohol, hexen^ alcohol GeH,oO (c. 140°), 
and a compound GigHtoO" 200°) (Eerstein, B* 
0, 696 ; Glaus, B. 18, 2931).— 28. Distillation 
vrith calcium chloride gives a liquid 0,H,pO, 
(172°) formerly called glyceryl oxide, but which 
appears rather to be the anhydride of acctyl-car- 
binol (GH,.G 0 .GH 2 ) 30 . The same liquid is found 
in the black residue in the preparation of ali/1 
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Alcohol from glycerin and oxalic acid. It may 
be reduced by HI to glycerin. It is miscible 
with water, alcohol, and ether. Water at 100^ 
converts it mto glycerin. Br forms dibrom- 
hydrin. Sodiam*amalgam does not attack it. 
Chromic acid mixture gives formic acid and 
acetic aldehyde. Hot ^ute HOI converts it 
into a substance that reduces Fehling’s solution 
• and ammoniacal AgNO, (Linnemann a. Von 
Zotta, A. Suppl. 8, 264 ; Von Gegerfelt, B. 4, 
919 ; Zotta, /. 174, 87 ; Tollens, Z. 1871, 628; 
Tollens a. Loe, B. 14, 1947 ; Silva, C.B. 93,418). 
29. Aniline, nitro-benzene, and form 

quinoline (Skraup, M. 2, 139 ; 3, 381).— 30. 
Acetamide and P,Oj give {Py, 2)-inethyl -pyridine 
(Zanoni, B. 16, 628). — 81. Heated with am- 
mofmum sulphate at 256° fbr seven hours there 
is formed a mixture of bases of the pyridine 
series, including pyridine, {Py. 2) -methyl-pyri- 
dine, and a di-methyl-pyridine (Storch, B. 19, 
2466, c/. Reaction 19). — 32. By heating with 
aniline and ZnOlj it forms skatole (0. Fischer 
a. German, B. 16, 710). — 33. Growing algie 
{Spirogyra) are capable of converting glycerin 
into starch (Bokorny, C. 0. 1888, 868). 

Metallic derivatives. — The heat developed by 
the action of alkalis upon glycerin has been 
studied by De Forcrand [C. B. 103, 696 ; 104, 
116, 291, 861; 106, 666, 746; 107, 269). 
Na0,H,O,. Obtained by heating glycerin with 
sodium-amalgam or with NaOEt. Prepared by 
adding glycerin to an alcoholic solution of 
NaOEt, when radiating stars composed 
minute crystals of Na0sH,0,H0Et separate (the 
ppn. is exothermic, but the ppn. of OsH.NuO, 
would ha^e been endothermic) ; when these crys- 
tals are heated in a current of dry hydrogen 
they give off their alcohol of crystallisation i 
(Letts, G. J. 25, 450 ; Blaas, M. 2, 785). White 
deliquescent powder, decomposed by water into 
NaOH and glycerin. OS^ heated with it at 65° 
forms NaS.OS.O.CjH5(OH)3 ; an orange mass, 
insol. ether, decomposing at 66°, and crystallising 
from alcohol with HOEt (Ldbisch a. Looks, 
M. 2, 372). Glycerin (1 mol.) mixed with a 
concentrated solution of NaOMe in MeOH de- 
posits NaG,H,OaHOMe in deliquescent needles, 
which give off MeOH in a stream of hydrogen 
at 120°. The corresponding NaC,HjO,HGrr, 
NaOjHjOjHOOHjPr, and NaO,H,0,HOO,H„ 
may be obtained in like manner (De Forcrand, 
C. R. 104, 291). Sodium-glycerin and methyl- 
ene chloride form syrupy 
(CH3(0H).0H(0H).0H.0)3CH3 (HOland, A. 240, 
242). NajOAOi- [220°]. When NaCfH,(J, is 
mixed with alcoholic NaOEt and evaporated at 
100° to 120° in hydrogen the residue is 
NaO,H,0, NaOEt, but *at 180’ the di-sodium 
derivative NaaOjHgO, is left (Ldbisch a. Looss# 
M. 2, 843 ; De Forcrand, 0. B. 1B6, 666). Deli- 
quescent crystalline mass ; reaoily decomposed 
by moist air. The compound NagC^HjO, has 
not been obtained. — KG,H,0,HOEt : lamins. — 
EO,H,0, : obtained in the same way as the cor-^ 
respondung Na derivative (De Forcrand, 0, B. 
104, 116). Does not react with EOMe even at 
180°. - KO,H,0,HOMe. - KG,H,0,HOPr. - 
KGjH,OjHOOjH„. — BaGsB[,0,. Prepared by 
heating glycerin with BaO at 60° (Destrem, 
C. B. 90, 1218 ; A. OK [6] 27, 17, 44). White 
deliquMoent powder, turning yellow in dry air; 
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decomposed by water into baryta and glycerin. 
On distillation it gives hydrogen, BaGOs, me- 
thane, propylene, and various alcohols of the 
series G^Hj^O.— CaGjHaOa. Prepared in the 

same way as the preceding which it resembles 
in physical properties. Decomposed on distil- 
lation into aldehyde, acetone, di-ethyl-ketone, 
mesityl oxide, pjjorone, methyl alcohol, ethyl 
alcohol, and hexenyl alcohol (D.).— Pb.GsHaO, 
formed by mixing a hot solution of Pb (OAc)„ (22g.) 
in water (250 c.c.) with glycerin (20 g.) and* KOH 
(16g.). Slender needles.-Pb3(G3H,0,)3. A sticky 
pp. formed by boiling 60 grms. of lead acetate 
with 250 c.c. water and 26 grms. of PbO, filtering 
and mixing with 75 grms. of glycerin (S.G. 1'24) 
and a solution of 20 g. KOH (in 100 c.c. water) 
which has been boiled with excess of PbO. — 
2(G3H50jPb.PbN03),Pb(0H)N0g. Formed by 
adding NH, (2*57 grms.) to a solution of lead 
nitrate (25 grms.) and glycerin (30 grms.) in 
water^250 c.c.) (T. Morawski, J.pr. [2] 22, 408). 
Na^Mn(C8HjOa)2. Formed by boiling hydrated 
Mn02(from Mn(OAc)2 and chlorine) with glycerin 
and aqueous NaOH (Schottlander, A. 155, 230). 
Yellowish-red mass, insol. alcohol and ether, 
V. sol. aqueous glycerin. Boiling water decom- 
poses it with ppn. of hydrated MuO^. Its solu- 
tion gives pps. with AgNO,, with Pb(N08)j and 
with Hgj(NO,)2.— SrMn(03H408)2. Obtained by 
dissolving strontium hydroxide (12 pts.) in gly- 
cerin (160 pts.) and adding ppd. hydrated man- 
ganese dioxide (3 pts.) to the boiling solution. 
Light ochre-yellow powder, 

Glycerin mono-nitrate GjHfNOj i.e. 
C8H4(0H)2(0N03). From glycerin and HNO, 
diluted with (3 pts. of) water (Hanriot, A. Ch, 
[5] 17, 1 18). Liquid, v. e. sol. water, si. sol.’ether, ' 
Explodes when struck. 

Glyceryl tri-nitrate GsHs(ON03),. 
Nitro-glycerin. [-20°]. S.G. 1'60 at 16° 8. 
•0126 ; S. (alcohol) 42 ; S. (MeOH) 126 Mol. 
w. 227. Prepared by dropping glycerin (dried 
at 100°) into a mixture of fuming HNO, 
and cone. H^SO^ kep^ below 10°, After 
some hours the product is poured into water, 
and the ppd. nitroglycerin dried at 70° 
(Sobrero, A. 64, 398 ; Williamson, A. 92, 306 ; 
Boutray a. Faucher, Bl. [2] 27, 383 ; Matthew 
Hay, Tr. E. 32, 67). Viscid liquid, without 
odour (when cold) but with sweet taste. Almost 
insol. water, v. sol. alcohol, ether, chloroform, 
HOAc, benzene, and phenol ; nearly insol. gly- 
cerin. Solidifies in a freezkig mixture in long 
needles. Poisonous. When quite pure it may 
be kept for any length of time, otherwise it 
gradually decomposed forming glyceric, oxalic, 
and nitrous acids (De la Bue a. Muller, A. 109, 
122). When struck it explodes violently. A 
mixture of nitroglycerin with silica in the form 
of infusorial earth is called dynamite (Nobel, 
D. P. J. 90, 1^4). Beactions.—l. Alcoholic 
jpofosli forms nitrite, nitrate, acetate, oxalate, and 
formate of potassium, a reddish-brovro resinous 
mass, and a sub^ance which when dissolved in 
even 80 volumes of hot alcohol forms a jelly 
vWien cold (Hay). — 2. AlkaAine carbonates pro- 
duce the same quantity of nitrous acid (contain- 
ing 33 p.c. of the nitrogen) as alcoholic KOH. 
Ammonia acts in like manner but less energeti- 
cally. NajHP04 behaves like NH,. — 8. HGlAq 
decomposes it, as does hot (but not cold) 
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4 . HIAq decomposes nitrO'glyoerin into glycerin 
and NO (Mills, J, 1864. 494j.-5. CJono. H,SO, 
and Hg uso give off NO by tne measurement of 
which the nitro-glycerin might be estimated 
(Hempel, Fr. 20, 86; Hess, Fr. 22, 128).— 
6. When evaporated with yellow ammonium sul- 
phide it is reduced to glycerin (Bloxam, C. Nr 
47, 169). 

OlycBryl tri-ni trite C3Hj(N02),. (o. 

160®). S.G. 1*291. Formation. — 1. Dry 
nitrous acid gas from As^O, and HNO, (S.G. 
1*36) passed into cold glycerin forms two layers, 
the smaller is an aqueous solution of nitrous 
acid, the larger is impure glyceryl trinitrite 
C,Hj(ONO),. It is purified by distillation in a 
current of hydrogen (0. Massonf G. J. 43, 348). 
Fropertiea.~-Boil3 at about 160® with partial 
decomposition. Yellowish oil. Burns with 
whitish flame, does not explode when struck. 
Bleaches the skin. Sol. ether, chloroform and 
benzene, but insol. CS.^. With cold glacial acetic 
acid, it forms a green solution which gives off 
nitrous fumes when heated. It decomposes spon- 
taneously giving off NO. Reactions.— 1. H.^S04 
violently decomposes it. — 2. K^COj forms KNO,. 
3. Alcohol forms EtONO. — 4. It does not mix 
with water, but is slowly decomposed by it, 
glycerin and HNOj being apparently formed in 
the first instance. 

Olyeero-sulphuric acids : — 

Mono-sulphurin CsHjfOHljSO^H. Glycerin- 
sulphuric acid, tfrom glycerin (1 pt.) and sul- 
phuric acid (2 pts.) (Pelouze, A. Ch. 63, 21). Un- 
stable liquid, being decomposed by evaporating 
its solution even below 0®. It decomposes car- 
bonates forming salts which are v. sol. water 
and very onstable.— CaA', : needles, begins to 
decompose at 140®, giving off acrolein, acrylic 
acid, and SO, (Bedtenbaoher, A. 47, 118). 

Di-sulphurin C,Hj(S04H)2(0H). Formed by 
slow action of water on the tri-sulphurin which 
it much resembles (Claesson, J. pr. [2] 20, 6). 

Tri-sulphurin C3ll5{S04H),. Glyceryl tri- 
sulphuric acid. Formed by adding glycerin 
slowly to chloro-sulphuric acid (ClSOgH) as long 
as HGl is briskly given off. The crystals obtained 
ar» dried over H^SO^ (Claesson, J. pr. [2] 20, 4). 
Slowly decomposed by water ; 0,Hi(S04H), + Kfi 
» C,Hj(S 04H)2(0H) 4- ^SO^. Boiling water de- 
composes it into glycerin and sulphuric acid. — 
Ba,AV 

Glycero-pho^horic acid CiHoPO* i.e. 
Cj,H,j(OH)20.PO(OH)j. Exists in small quan- 
tity in human urine (Sotnitschewsky, U. 4, 214). 
Obtained from lecithin or the yolk of eggs by 
boiling with aqueous alkalis or baryta (Gobley, 
J. Ph. [3] 9, 161 ; Strecker, C. R. 52, 1270). 
Formed by heating glycerin with HjPO^ or PjO, 
(Pelouze, C. B. 12, 718). The free acid is decom- 
posed by evaporation of its aqqpous solution. 

Salts.— BaA" (Thudichum a. Kingzett, 0. 
J. 30, 20).— BaA"aq.-CaA".-CaH2A",.-PbA": 
insol. water. 

, Di-stearyl-glycero-phosphoric acid . 
0,H,(0.0,A.0),0.P0,H2. [66®43®]. Obtained i 
by heating ^-s^arin with F^Og at 110®. The | 
product is treated with alcohol 86 (p.o.). The 
residue is extracted with boiling alcohol and fil- 
tered ; powdered NogCO, is added to the filtrate 
when a mixture of 8<^ phosphate and sodio di- j 


stearyl-glycerophosphate is ppd. This is ex- 
tracted with hot benzene which dissolves tlie 
latter. A mixture of glacial acetic acid and 
H2SO4 liberates the free acid from its sodium-salt 
(Hundeshagen, /. yv. [2] 28, 236). Fat-like 
mass. Eeddens moist litmus. The fused acid 
swells up when moistened. SI. sol. hot water 
and dilute acetic acid, insol. dilute mineral acids, 
V. sol. aqueous alkalis, glacial acetic acid, alco- ^ 
hoi, ether, benzene, and benzoline. Separates 
from hot solutions in a paste -like mass of small 
needles. Heated with dilute acids or alkalis it 
gives glycerin, stearic acid, and phosphoric 
! acid. The ammonium salt is decomposed by 
j heat into NH/and the free acid. The sodium 
I salt melts about 180°; on cooling it Mjhdilies 
' to a glassy mass which swells up in wairn water 
: forming a mass of globules resembling the mye- 
line condition of lecithin. 

! Chloride 03H3{O.C,8H3,O).,O.P0.Cl2. [24®]. 
From di-stearin (4 pts.) and POClj (1 pt.) *, the 
product being extracted with ether. The ether 
is then mixed with alcohol, filtered, and placed 
over and KOH. Wedge-shaped plates. 

V. sol. alcohol, ether, and benzene. Decomposes 
at 100®, forming stearic acid. Water soon de- 
composes it into stearic acid, glycero-phosphoric 
acid, and HCl. 

Neurino salt 

C,H,{O.C,,H,, 0 ),O.PO(OH).ONMo 3 C,H 40 H. 
Prepared by digesting di-stearyl-glycerophos- 
phoric acid with an alcoholic solution of the 
proper quantity of neurine carbonate. Waxy 
mass. Sol. alcohol. Swells up in warm water, 
forming round globules like the myeline form of 
lecithin. An alcoholic solution of PtCl4,2HCl 
gives a pp. of neurine platino-chloride only. 
Lecithin (q. v.), on the other hand, gives a pla- 
tino-chloride of its own under similar conditions. 

Formyl derivative OsHs(OH)2(OCHO). 
Monofomiin. Formed by heating glycerin with 
oxalic acid at 190® (Tollens a. Honninger, Bl. 
[2] 11, 395). Formed also by the action of 
monochlorhydrin upon sodium formate at 160® 
(Van Romburgh, R. T. C. 1, 186). Decomposed 
on distillation into CO,, water, and allyl alcohol. 

D i- formyl derivative C3H.^{0R){0.CB.0)^. 
Diformin. (c. 165® at 20 mm.). S.G. 15 1*304. 
may be extracted by ether from the residue 
obtained in preparing formic acid by distilling 
anhydrous oxalic acid with glycerin (Van Rom- 
burgh, C. R. 93, 847). Liquid, sol. alcohol, 
ether, and chloroform, insol. CS^. Inactive to 
light. ^Pecomposed by water into formic acid 
au(': glycerin. Decomposed by distillation into 
water, CO^, and allyl formate. When heated 
with anhydrous oxalic acid it gives off CO, and 
formic acid, and may therefore be an interme- 
diate product in the preparation of formic acid. 
When heated 'with glycerin (6 pts.) at 220° it 
gives CO, CO2, and allyl alcohol. 

Mono-acetyl derivative CgHio04 i.e, 
C,Hg(OH)2(OAc). Mol. w. 134. S.G. 1*20. Ob- 
tained by heating a mixture of equal volumes of 
glycerin and glacial acetic acid at 100® for a long 
time (Berthelot, A. Oh. [3] 41, 277 ; Borthelot a. 
De Luca, A. Oh. [3] 62, 433). Neutral liquid, 
having a faint ethereal odour. Miscible with 
ether. When mixed with half its bulk of water 
it forms a clear liquid, which becomes turbid oa 
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addition of a larger quantity of water, by which 
it 18 partially decomposed. With alcohol and 
KCl it yields glycerin and acetic ether. 

Di-acetyL derivative 
CgH4{OH)(OAc).^. Diacetin. Mol. w. 170. (280°). 
S.G. -- 1*184. Formed by heating glycerin 
(1 pt.) with glacial acetic acid (4 or 5 pts.) at 
^300°. Liquid; becomes viscid at -40°. Scarcely 
attacked by AcCl (Hubner a. Muller, Z. 1870, 
844). 

Di-acetyl derivative C.H,(OH)(OAc),. 
(252°). S.G. -2 1*148. From opichlorhydrin and 
AgOAc (Laufer, J. 1876, 343). 

Triacetyl derivative i.e. 

C3ilj(OAc)j. 

Triacetin. Glyceryl triaoeiate. Mol. w. 218. 
(268° i. V.). S.G. ii 1-174. S. f8, at 27°. Occurs 
in some fats, as in the oil from the seed of the 
spindle-tree {Euonymus europecus) (Schweizer, 
J, pr, 63, 437). Formed by heating diacetin 
with glacial acetic acid (18 pts.) for 3 hours at 
250°. Formed also by heating s-tri-bromo-pro- 
pane with AgOAc (Wurtz, A, 102, 339).. Pre- 
pared by boiling glycerin (150 pts.) with HOAo 
(300 pts.) for 40 hours, fractionally distilling the 
product, dissolving in water, and extracting with 
ether (H. Schmidt, A. 200, 09). The rate of 
etherification of glycerin by acetic acid has been 
studied by Menschutkin {B. 13, 1814). Liquid, 
sol. dilute alcohol and ether. 

Mono-butyryl derivative C,H,.0. t.e. 
0,H,(OH),,(O.CO.Pr). S.G. U 1*088. S. 267. 
From butyric acid and glycerin by heating for 3 
hours at 200° (Berthelot, A. Ch. [3] 41, 261). 
Neutral liquid ; mixes with | vol. of water, but 
on adding ^nore water the solution becomes tur- 
bid. Decomposed by alkalis and alkaline earths 
into glycerin and butyric acid. Alcohol and HCl 
yield butyric ether and glycerin. 

Di-butyryl derivative 
0,Hg(OH)(O.CO.Pr)2. (320°). S.G. U 1*083. 

Formed by heating glycerin with butyric acid 
for several hours at 276°. Liquid. Not solid 
at -40°. Aqueous NH, decomposes it, forming 
butyramide. 

Tri-hutyryl derivative C3Hj(O.CO.Pr),. 
(286°). S.G. ~ 1*052. Occurs in butter, along 
with other glycerides. Obtained by heating ! 
raono-lmtyrin (1 pt.) with butyric acid (16 pts.) | 
at 240° for 4 nours (Berthelot). Formed also 
by boiling glycerin (1 mol.) with butyric acid 
(8 mols.) for 60 hours (Lebedeff, B. 6, 160). i 
Oil, V. soh alcohol and ether. 

MonO’Valeryl derivative • ! 

C3H,(0H),(0.C0.CA). S.G.-^ 1-100. Fomfed 
by heating valeric acid with excess of glycerin 
for 8 hours at 200°. Mtxes with half its bulk 
of water, but the solution becomes turbid on 
further addition of water. Alcohol and HCl 
form valeric ether and glycerin. •NHjAq gives 
valeramide. 

Di-valeryl derivative 
0 ,Hj(OH)(O.CO.C,^) 2. S.G. M 1*069. From 
glycerin and valeric acid at 276°. Oil, with 
fishy odour. Becomes semi-solid at -40°. 

Tri-valeryl^derivative 
C,H,(0.C0.04H,)3. From glycerin (1 pt.) and 
v^eno acid (9 pts.) at 220°. Oil ; sol. alcohol 
and ether. Occurs in the oil of Delphinm 
globicepa (Glievreul). 


Mono-benzoyl derivative* 
Cj)Hj(OHh(OBz). Bemo'icin. S.G. 1-228. 
Formed by heating benzoic acid with excess of 
glycerin at 200° (Berthelot, A. Ch. [8] 41, 290). 
Thick viscid oil, insol. water, si. sol. C3„ v. sol. 
alcohol and ether. Decomposes at 320°, giving 
o£f acrolein and benzoic acid. 

Di-benzoyl derivative C^HdOmiOB/X. 
[70°]. From glycerin, BzCl, and dilute NaOlI 
(E. Baumann, B. 19, 3221). Long needles (from 
ligroin); insol. water, v. e. sol. alcohol and 
ether. 

Tri-benzoyl derivative GBAOBzU 
Tribcnzoicin. [74°]. S.G. 13 1-228. Obtain^ 
by heating benzoicin with benzoic acid (12 pts.) 
for 4 hours at 2^0° (B.). Formed also by heating 
epichlorhydrin with HOBz; or from epibrora- 
hydrin and KOBz at 200° (Van Bomburgh, 
B. T. C. 1, 46, 143). Large needles (from ether). 
V. e. sql. ether, v. sol. boiling alcohol, si. sol. 
ligrom. 

o-Oxy-benzoyl derivative 

0, H,(0H),(0.C0.C,H4.0H). S.G. 1*1366. From 
salicylic acid, glycerin, and HCl at 100° (Gottig, 

B. 10, 1817). Colourless liquid ; v. sol. alcohol, 
ether, and CSj. 

Benzoyl-succinyl derivative C,4H,,0 , 
♦.«. C^H,(G202)0j.C3H^.0Bz. Benzosucdnin. 
Formed by heating glycerin with benzoic and 
succinic acids at 200° (Van Bemmelen, J. pr. 
69, 84). Soft mass, decomposed by boiling 
•water or alcohol, more readily by alkalis, into 
glycerin, benzoic acid, and succinic acid. 

Tri-myrietyl derivative O^H.-O, t.e. 

C, H3(0.0,4H„0),. [66°] (Masino, A. 202, 173) ; 
[46°] (in Otoba). Occurs in nutmegs (from 
Myristica moschata)^ from which it may be ex- 
tracted by ether (Playfair, A. 37, 166 ; Comar, 
J. 1859, 366 ; Civiento, 9, 185). Occurs also in 
otoba, a fatty substance derived from Myristica 
Otoba (Uricoechea, A. 91, 369). Crystallises from 
ether in laminae. Split up by boiling alkalis into 
glycerin and myristio acid* 

Mono-pahnilyl derivative CioHirO, 

1. e. 0,Hj(0H)2(0.CmH„0). Monopalmitin. [58°] 
(B.); [63°] (C. a. S.). S. (alcohol) 6-306 at 22*6°. 
Obtained by heating a mixture of glycerin tfhd 
palmitic acid for 24 hours at 200°; the product 
is shaken with lime-water and extracted with 
ether, from which tripalmitin separates first, 
then dipalmitin, and finally monopalmitin 
(Beithelot; Chittenden a. I^ith, Am. 6, 225). 
iladiating prisms ; may be distilled in vactiOt but 
is decomposed when heated under atmospheric 
pressure, yielding acroitein and other products. 

Di-palmityl derivative OjjHjgOj i.e. 
0,Hj(0H)(0.Ci6H3,0)2. Dipalmitin. [60°] (B.): 
,r61°](C.a.S.). S. (alcohol) *210 at 20°. Formed 
by heating palmitic acid with glycerin for 
14 hours at 100° (^.). Tables or needles. Like 
the other palmitins, it is rapidly saponified by 
water and PbO at 100°. 

Tri-palmitvl derivative CjiHagOg i.e» 
'0,H3(0C„H„0),. Tripalmitin. MoL w. 806, 
[61°]. S. (alcohol) *0043 at 21°. Occurs in 
those natural fats that yield nalmitio acid on 
saponification (v. Fits and acids). Obtained 
from palm oil by expressing the liquid portion, 
washing the residue with boiling alcohol, and 
orystallising it from ether (Stenhoose, A, 86, 







54). It may be ^formed by heating monopalmitin 
(1 pt.) with palmitic acid (10 pis.) for 28 hours 
at 250° (Berthelot). Crystalline mass, v. si. sol. 
alcohol, V. e. sol. ether. According to Duffy 
(C. J. 5, 11)7) some varieties of natural palmitin 
molt at 40°. 

Mono’ttearyl derivative i.e. 

0jHs(0H)j(0.C,8H„0). Monostearin. [62°]; 
Prepared by heating stearic acid with excess of 
glycerin at 220° as long as the former increases 
in volume. The upper layer is recrystallised 
fron^ alcohol and ether (Berthelot, A. Ch. [3] 
41, 221 ; P. Hundeshagen, J. pr. [2] 28, 226). 
Dendritic groups of needles. Beadily soluble in 
warm alcohol and ether. May be distilled in 
vacuo. Easily saponified by alcoholic potash. 
Gives off acrolein when strongly heated. 

Di-stearyl derivative OjgH,gOj i.e» 
C,Hj(0H)(00,gH3,0).,. Di-steann. [77°]. S. 
(alcohol) *7 at 78°. Prepared by heating mono- 
stearin with the calculated quantity of ^tea^ic 
acid at 180° as long as water is evolved. Crys- 
tallised from alcohol and then from benzoline 


(Berthelot; Hundeshagen). Clumps of glitter- 
ing plates (from alcohol) ; or small spheroids, 
formed of radiating clusters of minute needles 
(from ether, ligroin, benzene, and CHClj). 
Saponified by alcoholic KOH. Metallic de- 
rivatives. — C3H50 j(C,..Hsj 0)20NH^. From 
NH3 and an ethereal solution of di-stearin.— 
. C|H O)i(0i8HjjO),ONa, Acetyl derivative.— 
*'^iO,(0.gH3,0),Ac. [30°]. 

Tri-stearyl derivative C„H,,<,Og i.e. 
C,H5(O.C,8 H,jO) 3. Tristeann. Stearin. [55°] 
and [72°]. S.G. (liquid) -925 at 66°. Occurs in 
many fats, especially in the solid tallows and 
lards from animals (Chevreul, Becherches sur les 
corps gras ; Braconnot, A. Ch. 93, 225 ; Vogel, 
A. Ch. 58, 154; Lecanu, A. 12, 25; Liebig a. 
Pelouze, A. 19, 264 ; Bedtenbacher, A. 35, 196; 
Francis, A. 42, 254; Arzbacher, A. 70, 239; 
Heintz, P. 84, 221 ; Duffy, C. J. 5, 197, 303 ; 
Berthelot, Chimie Organique, 2, 52; A. Ch. 
[.3] 41, 216, 432; 47 297; Kopp, A. 93, 194; 
Bouis, C. B. 45, 35 ; Bouis a. Pimentel, 0. B. 
44, 1355). It is very difficult to free stearin 
from palmtin by fractional crystallisation, but 
it ‘inay be obtained from the fat of the seeds of 
Brindonia vidica. Best prepared in a pure state 
by heating monostearin (1 pt.) with stearic acid 
(18 pts.) at 270° for 3 hours (Berthelot) ; or by 
heating glycerin with stearic acid for 24 hours 
at 200° (Heintz, Af 92, 300), Pearly nodules or 
lamime and slender needles. V. si. sol. cold 
alcohol, V. sol. boiling alcohol, v. e. sol. ether. 
Has no taste or odour. Miy be distilled in vaciw. 
When heated it melts at 55°, but when further 
heated it becomes solid again, and finally melts 
at 72°. These two melting-points are lowered 
by imparities, thas when the stearin has been 
prepared from fats they may bo 52° and 62° 
respectively. According to Duffy this pheno- 
menon may be explained by assumi^ the exist- 
ence of three mocUfications of stearin. 


Ar achy I derivative (j^^^fi^i.e. 
b,H.(OH),(OC2ja„0). From arachic acid and 
glycerin (Berthelot, A. Ch. [3] 47, 365). 
Granules, v. si. flol. cold ether. 

Di-arachyl derivative Cf^HitO, i.e. 
0,Hjf0H)(00^0),. [76°]. Slender grains. 
V» si. sol. coloether. 


Tri-arachyl derivative is. 

0,H3(0.03,H3„0)3.. TrUirachin, Occurs in the 
kernels of Nephelium lappacetm, and probably 
also in butter and in the oil from the ground nut 
{Arachis hypogcea) (Goldsohmiedt, J. 1877, 728 ; 
Site. W. [2] 74, 394; Oudemans, Z. 1867, 256; 
Gfissmann, A. 89, 1). SI. sol. ether. 

MonO’Oleyl derivative O^H^O, i.e. 
CA(OH),(00,3HaO). Mono-oUin. S.G. si 
*947. Formed by heating oleic acid with excess * 
of glycerin for 18 hours at 200° (Berthelot). 
Oil ; may be solidified. 

Di-aleyl derivative 
OA(OH)(OC„H,30)3. S.G. '921. Oil. 

Tri-oleyl derivative O^HioiO, i.e. 
C3Hs(OC|hH330)g. Tri-olein. Olein. The chief 
constituent of fatty^ oils ; occurs also in solid 
fats. May be forited by heating glycerin with 
excess of oleic acid at 240° (Berthelot). Oil. 
May be distilled in vacuo. Decomposed by dis- 
tillation under atmospheric pressure, n-hex.ane 
and n-heptane being among the products (Engler, 

B. 22, 594). Slowly saponified by water and 
PbO at 100°. V. si. sol. alcohol, v. e. 
sol. etlier. Cone. H^SO, converts it into oily 

/O.CO.CH:CH.O,3H„ 

C, H^0.00.CH(S0,H).CH3.C„H„ (Turkey red 

\O.CO.CH(OH).OH3.0,3H3, 

oil) (Geitel, J. pr. [2] 37, 85). Nitrous acid con- 
verts it into the isomeric solid elaidin,a crystal- 
line substance, almost insol. alcohol, v. e. sol. 
'^•ther, melting at [38°] (Duffy, C. J. 6, 197). 
Olycero-tartaric acidG^B.^^0^ i.e. 
C,H3(0H)3.0.C0.CH(0H).CH(0II).C0,1I. 

Formed by heating equivalent quantities of 
glycerin and tartaric acid to about 150° (Berze- 
lius, Handbuch\ Des Plats, C. B. 49, 216). 
Semi-solid mass ; insol. ether, v. sol. alcohol, 
slowly resolved by water into glycerin and tar- 
taric acid. -CaA'j 3aq : deliquescent amorphous 
mass.— BaA'j. 

Olycero-di-tartarie acid C,,H,30„ i.e. 
C3H3(OH).(O.CO.OH(OH)OH(OH).C03H)3. From 
glycerin (1 pt.) and tartaric acid (1 pt.) by heat- 
ing at 100° for 50 hours. An acid is 

formed at the same time. 

Glycero-tri-tartaric acid C,JI,jO„, 
Formed by heating glycerin (1 pt.) with tartaric 
acid (20 pts.) at 140°. Tetrabasio acid. * 
Mono-ethyl af/jer C,H,gO, i.e. 
C,H3(0H),(0Et) or CH3(OH).Cfl(OH).CH,OEt. 
(226°-230^. Formed by heating ohlorhydrin 
with NaOEt at 200°, treating the residue with 
weter, then with K^OOa, agitating with ether, 
and fractionally distilling the extract (Beboul, 
A. Ch. [3] 9, 5). Liquid^sol. water, but separated 
therefrom by K^COa. 

*• Di-ethyl ether 

OH,(OEt).CH<fpH).CH,(OEt). (191°). S.G. *92. 
Formed by the action of NaOEt on diohlorhydrin 
(Beboul) ; or by heating glycerin with KOH and 
EtBr (Berthelot). 

i Tri-ethyl derivative Ofiifi,i.e. 
0,H3(OEt),. TriethyUn. (180°-190°). From 
the pltecemng by successiTe treatment with P01| 
and NaOEt (Beboal (t. Louren^o, 0. B, 52, 466). 

oa. 

Isoamyl derivative OaH,|0, i.e. 

OA(OH),(00^„). hoamyUn. (261°). M, 
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^ *98. Formed by heating CH2.CH.0Hjt.0.05E„ 
0 

with water for some hours at 200® (Roboul), 

Di-isoamyl derivative 0,,EL,0, i.e. 
C,Ha(OH)(OC,H„)y (273«). S.G. § *907. Prom 
diohlorhydrin and NaQO^H,,. 

Ethyl-isoamyl derivative 0,oH,„0, Le. 
•0,H,(0H)(0Et)(0p.H„). ^ (239®). S.g" *92. 
From the mono>isoamylin by suooessive treat- 
ment with fuming HOI and NaOEt. Oil. 

Mono-allyl derivative OM.oO. i.e. 
p,H,{OH)2(OG3H5). (240®). S.G. 2 l-llG.^Occiirs 
m the syrupy liquid left in the preparation of 
allyl alcohol by heating oxalic acid with excess 
of glycerin (Tollens, B. 5, 68; A. 166, 149). 
Liquid, m. sol. water. Br fofms oily OaHjjBr^O,. 

Tri-allyl derivative CjjHjoOj i.e. 
C3H4(OC3 Hj),. Tri-allylin. (232®). From 
glycerin, allyl iodide, and KOH (Berthelot a. 
De Luca, A. 100, 361). 

Di-phenyl derivative C,,H,aO, i.e. 
CH3(OPh).CH(OH).CH3(OPh). [81®]. Formed 
by adding s-dichlorhydrin (70 g.) to phenol 
(100 g.) and KOH (60 g.) (Bossing, B. 19, 64). 
Pearly plates (from alcohol). Insol. water, m. 
sol. alcohol, V. e. sol. ether. When heated with 
AcCl (1 mol.) it gives O.sHjjAcOa [71®], but with 
4 pts. AcCl it forms liquid CjjHj-.Oa. In like 
manner BzCl (1 mol.) forms C,jH,5BzO, [67®] 
but boiling BzCl (7 pts.) forms oily 
Forms a stable sodium derivative CuHnNaO,. 
On Bulphonation it gives the disulphonio acid 
CH(0H)(CH30.0,H^.S03H)„ of which the salt 
K3A" 2aq is v. sol. water. 

Di-nitro-phenyl derivative C^HjoNjO, 
i.e. CsHj(t)H)j.003H3(N02)2. [0. 83®]. From 
chloro-m-di-nitro-benzene, glycerin, and EOHAq 
(Willgcrodt, B. 12, 764). 

Benzylidine derivative 

CjHj.CH <^q^C,Hj.OH. From glycerin and 


benzoic aldehyde at 200® (Harnitzky a. Men- 
schutkin, A, 136, 127), Oil. Decomposed by 
water. 

M-Chlorhydrin CjH^ClOj i.e. 
CH,C1.CH(0H).CH30H. 

Chloro-propylene glycol. Mol. w. 110^. 
(218°) (Hanriot). S.G. 2 1 338. Formed, to- 
gether vth smaller quantities of the isomeric 
ClI^(OH).CHCl.CH.OH, by saturating glycerin 
with HCl and keeping the liquid for some hours 
at 100® (Berthelot, A. Ch. [8] 41, 296). Formed 
also by heating epichlorhydrin with water 
(Beboul; Hanriot, A. Ch. [6] 17, 62). • , 

Preparation. — The product of the action of 
dry HCl on damp glycerin in sealed tube.s at 
100° is distilled under 18 mm. pressure, the 
tt-chlorhydrin passing over at 139°, the s-iso- 
meride at 146° (Hanriot). Ther^is obtained 
about 16 times as much of the u- as of the 
s-ohlorhydrin. 

Propsrfiss.— Liquid, miscible with water, 
alcohol, and other. Unless quite free from HOI 
it suffers condensation when distilled. 

BeaotUms.—l. Sodium amalgam reduces it 
to propylene-glycol (Lourenpo, 0. B. 63, 1048 ; 
Buff, Bl. [2] 10, 123).— 2 . Potassium cyanide 
forms a nitrile which is decomposed on distilla- 
tion, bat is converted by boiling with dilute 


HNOa into di-oxy butyric acid (Hanriot, 0. R. 
86, 1189 ; Bl. [2] 27, 266).— 3. Raryto acting on 
its ethereal solution forma small quantities of 
glyoide and epichlorhydrin. — 4. When Wieu 
with an aqueous solution of irimethylamine in 
sealed tubes it yields 03H3(0H)3NMe301 and 
®sH3(OH)2NMeH2Cl. The former gives a crys- 
talline platinochloride (C,,H.(OH)2NMegCl)2Pt01, 
and aurochloride C^H,(OH)2NMe3AuCl4 (Hanriot : 
V. Meyer, Z. [2] 5, 439). 

Di-nitrate CH2C1.CH(0.N0,).CH2(0.N02). 
S.G. 2 1-611. From chlorhydrin, H-SO., and 
HNO, (Henry, 166, 164). r 

Di-formyl derivative 
CH2C1.CH(0CH0).CH2(0CH0). (166°-195®) at 
22 mm. Formed from the chlorhydrin by heat- 
ing with nitro-methane at 180° (Pfungst, J. 7 )r. 

[2] 34. 36). 

^Acetyl derivative C2 H,(OH)(OAo).CH2 C1. 
(250°). Aceto-chlorhydrin. Formed, together 
with diohlorhydrin, by passing HCl into a mix- 
ture of •acetic acid and glycerin at 100° ; also,* 
together with the following, by the action of 
AcCl on glycerin (Berthelot a. De Luca, A. Ch. 

[3] 62, 433), From epichlorhydrin and HOAo 
at 100° (Beboul, A. Suppl. 1, 232). 

Di-acetyl derivative 


CH3(OAo).CH(OAc).CH 3C1. (245°). S.G. * 
1*243. From acetyl chloride and a mixture of 
equal volumes of glycerin and HOAo (Berthelot 
a. De Luca, A. Ch. [3] 62, 401 ; cf. Franohi- 
mont, B. T. C. 1, 43). Also from epichlor,]^ 
hydrin and AcD at 180°, a compound C„H,, CIO, 
^240® at 20 mm.) bring formed at the same time 
(Truchot, A. 138, 2:<9). 

Di-palmityl derivative 
0,H401(00,9H3,0)2. [44°]. From glycerin and 
palmityl chloride (Villier, B. 9, 1933). 

Stearyl derivative 


0,H3Cl(0m(0C,3H330). [28®]. Produced by 

passing HCl into a mixture of stearic acid and 


glycerin (Berthelot). 

Benzoyl derivative 08H501(0H)(0Ba). 
[-40®]. From glycerin, IIOBz, and HOI (Ber- 
thelot, A. Ch. [3] 41, 802). • 

Ethyl derivative 

CH2Cl.C2H3(OH)(OEt)? (188°). From epi- 
chlorhydrin and HOEt at 180°. Formed also from 
CHa-OH-CH^OEt and HCl (Beboul, A. Suppl.\, 

V 


0 

236), 

Isoamyl derivative 

CHC1.CH,(0H)(0C3H„). (2«6®). S.G. 32 i-o. 
Formed from epichlorhydrin and isoamyl alco* 
hoi at 220° (Beboul). 

s - Chlorhydrin CH2(OH).CHC1.0H3(OH). 
Chloro-trimethylene glycol. (145° at 10 mm.). 
S.G. ® 1*828. Occurs in small quantity among 
Sthe products of the action of HCl on glycerin 
at 100®, and may be isolated by fractional dis- 
tillation w voczw)* (Hanriot, C. B. 86, 1189; 
A. Ch. [6] 17, 73). Formed also by the action 
of HOCl on allyl alcohol (Henry, A. 166, 822). 
{liquid, resembling the u-isomeride. It has a 
great tendency to form polyglycerio derivatives,* 
Acetyl derivative • 
OH,(OH).OHCI.CH2(OAo). (23a®). S-G. * 1*27. 
From allyl acetate and HOGl. 

Ethyl derivative 

0H,(0H).0H01.CH,(0Et). (183°). EG. U 
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M17. From «thyl allyl oxido andHOCl (Lauch, j 
B. 18, 2287). Thick Uquid. j 

Di-ethyl derivative 

0H*(0Et).CHC1.0H,{0Et). (184®). S.O. ^ 

1*006. From di-ethyl-glycerin and PClj (Rcboul 
a. Louren(?o, A» 119, 287). 

Dichlorhydrins v» Di-ohloro-propyl alco- 
hols. > 

Chloro - hromliydrixis Cl]B[.^r.03H,Cl(OH). 
(198®). S.G. M 1*740. From allyl bromide and 
HOCl (obtained from chloride of lime and borio 
acid) (Lauch, B, 18, 2288). Also from epichlor- 
hydrin and HBr and from epibromhydrin and 
HCl (Reboul, A. Suppl. 1, 225). Liquid. Cone. 
KOHAq gives epichlorhydrin. 

Acetyl derivative OaHjBrCl(OAo). 
(228®). From glycerin, AcOI, end AoBr (Ber- 
thelot a. De Luca, A. Ch. [3] 62, 462). SI. sol. 

Ethyl derivative (187®). 

From epichlorhydrin and EtBr (Reboul a. 
Louren(?o, A. 119, 238). 

Bromhydrin CjH,BrO, i.«. 
CHj(OH).CHBr.OH2(OH) ? (180® at 10mm.). 
Formed by adding glycerin (600 g.) in small por- 
tions to liquid bromide of phosphorus (560 g.), 
the liquid being kept cool and the product after 
24 hours fractionally distilled in vaetto (Berthe- 
lot a. De Luca, A. Ch. [3] 48, 304; 52, 433). 
OU, sol. ether. In its preparation there is also 
formed Cg^rO (below 200°) and crystalline 
C^gBr J* which is not affected by aqueous KOH 
at 100®' , , 

Acetyl derivative 0,HjBr(OH)(OAc)p 
(170®-180®) at 10 mm. Prepared by the action 
of AcBr (l*6pt8,) on dry glycerin (l-2ptB.) the 
crude product being distilled under 10 mm. pres- 
sure ; the yield is good (2*2 pts.) (Hanriot, A. Ch. 
[5] 17, 84). Reduced by the copper-zinc couple 
to tri-methylene glycol. 

Di-ethyl derivative 0,HjBr(OEt).j. 
(196®-206®). S.O. 1’258. From di-ethyl- 
glycerin and PBrj (Henry, B. 4, 704). 

Bromhydrin C,H,BrO,^ i.e. 
CH,(0H).CH(0H).Ctl2Br. (138® at 17 mm.). A 
product of the action of Br on allyl alcohol in 
presence of water (Fink, M. 8, 661). By the 
action of HBr on dry glycerin, Veley (G. N 47, 
39) obtained a bromhydrin (160®) at 60 mm. ; 
S.G. T 1*717. 

Di-bromhydrins v. Di-BROMo-rr.opYL alco- 
hols. 

Tri-bromhydrin v. Tri-bromo-propane. 
lodhydrin OA(OH)^. S.G. ^ 2 03. From 
chlorhydrin and KI (Reboul, A. Ch. [3] 60, 5). 
Di'iodhydrin v. Di-iodo-proptl alcohol. 
Chloro-iodhydrin v. Ghloro-iodo-propyl alco- 
hol. 

Methyl derivative C,HjClI(OMe). (c. 
200®). Formed by heating epichlorhydrin (? 
mol.) with Mel (1 mol.) at 190° ; the yield being 
20 p.o. of the theoretical (Baal, B. 21, 2971). 
Oil, volatile with steam. 

Ethyl derivative 0,HjClI(OEt). (200®- 

210°). f* i. 

Isopropyl derivative 0|H,01I(0Pr). 

f208®-212°). 

n-Propylt derivative C|H401I(0Pi). 

( 200 ®- 210 ®). 

Biglyoerin 0,H„Oj i.e. 

0,H*(OH)rO.C^*(OH),. Pyroglycmn. (220®- 


230°) at 10 mm. When glycerin, diluted with 
one-third of its bulk of water, is saturated ai 
100° with HOI, then mixed with an equal bulk of 
glycerin, and heated with inverted condenser for 
13 hours at 120®, there is obtained a mixture of 
dichlorhydrin, diglycerin chlorhydrin, diglycerin 
diohlorhydrin, diglycerin, and triglycerin *, these 
may be separated by fractional distillation in 
vacuo (Lourenpo, 0. B. 62, 369). Thick liquid, 
insol. ether, si. sol. cold, v. sol. hot water, mis-) 
cible with alcohol. 

Mono-stearyl derivative 
03H.(0.0„H„0)(0H).0.0,H,(0H)2. [about 30®]. 
Formed by heating glycerin alone for some time 
and then with stearic acid for several days at 
240°. Crystallised from alcohol (Hundeshagen, 
J. pr. [2] 28, 262). Wax-like solid, sol. ether. 
Readily saponifie^ by alcoholic potash. 

Tri-ethyl derivative i.e, 

C,H,(0H)(0Et).0.0,H5(0Et)j. (o. 290°). S.G. 

1*90. Formed, together with di-ethyl- 
glycerin and tetra-ethyl-triglycerin, by the 
action of NaOEt on epichlorhydrin (Reboul a. 
Lourenqo, C. B. 62, 401). Liquid, sol. water, 
alcohol, and ether. Ppd. from its aqueous solu- 
tion by KjCOj. 

Diglycerin chlorhydrin OjHjjClO,. 
(270°). Formed together with diglycerin dichlor- 
hydrin C^HijCljO, by heating glycerin saturated 
with HCl. By heating either chlorhydrin with 
alcoholic KOH at 100® there is formed pyro- 
glycide 0«H,A (245®-255®). This body is 
also got by heating polymerised glycide acetate 
with NaOH (Breslauer, J. pr, [2] 20, 193). It 
is miscible with water and alcohol. 

Di-ethyl derivative of diglycerin 
chlorhydrin 0,oH3,C104 
00,H,o(OH)(OEt),Cl. (286°). ^G. ^ 1-11. 

Formed by heating di-ethyl-glycerin with epi* 
chlorhydrin at 200®. Formed also, together with 
ethyl- and di-ethyl-chlorhydrin, by heating 
epichlorhydrin with alcohol at 200®. Liquid, 
si. sol. water, miscible with alcohol and ether. ^ 

Acetyl derivative of diglycerin tri- 
ehlorhydrin OgHuCljOj i.e. OC«H,o(OAo)Clg. 
(190®) at 20 mm. A product of the action of 
AcOl on epichlorhydrin (Truohot, A. 140, 246). 

Triglycerin O^H^O, i.e. 
C,H,(OH)2.0,0,H,(OH).O.C,H,(OH)r (276®- 

285°) at 10 mm. Formed as described under 
diglycerin. Thick liquid. 

Tetra-ethyl derivative of triglycerin 
C„H,eO, i.e. C,H,A(OH)(OEt)4. (200°) at 10 
mm. S.G. 1*022. A product of the action of 
NaOEt on epichlorhydrin. Liquid, sol. water, 
alcohol and ether. 

Acetyl derivative of triglycerin 
tetra - chlorhydrin 0,,H,sCl404 i.«. 

0,H,A(OAc)Cl4. (^60°) at 20 mm. From 
epichlorhydrin and AcCl at 100® (Truohot, A* 
140, 246). r 

Hexaglycerin bromhydrin 
OijHjjBrO,. One of the proaucts of the action 
of PBr, on glycerin. Crystalline. SI. sol. boiling 
ether. 

Thloglycerin OgHgOaS i.e. 0,H4(OH)a(SH). 
Mol. w. 108. S.G. — 1*296. From chlorhydrin 
and boiling alcoholic KSH: the product is 
acidified and evaporated below 60® (Carius, A, 
122, 78 J 124, 222). Thick liquid; v. si. sol. 
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water, insol. ether, miscible with alcohol. 
Reacts like mercaptan with metallic oxides and 
salts. Decomposed by heat into water HjS and 
thiop^roglycide CgHijOgS an amorphous 
body, insol. water and ether, si. sol. boiling 
alcohol. Nitric acid oxidises thioglycerin to 
0,H,{0H),S0,H. - Hgj03H,0,S), : [60 °-^ ; 
white powder.— Pb(03EL,0jS)2 : [o. 80°] ; yellow 

pp. 

• Di-thio-glycerin CjHgOSj i.e. 

0,H3(0H)(SH)2. Mol. w. 124. S.G 1-842. 
From s-dichlorhydrin and alcoholic KHS 
(Carius). Thick liquid, insol. ether, w si. sol. 
water, v. e. sol. alcohol. Split up on distilla* 
tion into water, HjS, and trithiopyroglycide 
OflHijjOSj. HNO, forms an acid OaHjjSjOjo.-- 
HgC,H.OS2 [c. OO^.-PhC^HeOSg; yellow 
powder. ^ 

Trithioglycerin CjHgSj i.e. CaHjISHIg. Mol. 
w. S.G. — 1-391. From a*triohloro-pro- 
pane^fcd alcoholic KSH (Carius). Liquid, m. 
sol. alcohol, insol. ether and water. Split up by 
heat into and dithioglyoide C3H3S(SH).— 
0u,(0,H,S*)2.-Pb,(C3H,S,)2.-AgAH4S,f 
OLTCl^OL V . Glycerin. 

OLYGEBOSE Glycerin, Reaction 6. 
OLYCEBTI. The trivalent radicle OjHj. 
GLYCERYL BORATE CgH^BOg. Formed by 
heating glycerin with BjOj (Schifl a. Beohi, Z. 
1866, 147). Glassy mass resolved by hot water 
into glycerin and boric acid. Not affected by 
boiling alcohol. 

GLYCERYL CARBAMATE 0,H4(0.C0.NH,),. 
[216®]. From chloroformamide and glycerin 
(Gattermann, A. 244, 42). Needles (from 
HOAch Insol. most solvents. 

GLYCERYL CHLORIDE v. Tri-chloro-pro- 

PANE. 

GLYCERYL TRI-PHENYL-TBI-CARBAMATE 

C,Hj(O.CO.NHPh),. Phenyl-carbajnic’glyceride. 
Formed by heating glycerin (1 mol.) with 
phenyl cyanate (8 mols.) (Tessraer, B. 18, 908). 
White powder or fine needles. Sol. alcohol, 
acetone, ether, and chloroform, si. sol. water and 
benzene. By heating with Ba(OH)2 and water 
to 160® it yields glycerin, aniline, and BaCOj. 

GLYCERYL 8DLPHOCYANIDE OgHjNjS, i.e. 
0,H4(SCy),. [126®]. S. (alcohol) -26 at 13®. 
From s-tri-bromo-propano and alcoholic KSCy 
at 100®4Henry, B. 2, 637). Small brittle needles 
(from alcohol). Insol. water, v. sol. boiling alco- 
hol. Gives off HOy when heated. 

GLYCIDAMINE C,H;NO ix. 
OHj.OH.OH^H 3. Q^ceramim. Formed, toge- 

V 

ther with * diamidohydrin ’ OjHjjNjO by the 
action of alcoholic NH, on s-diohlorhydrin 
(Olaus, A. 168, 29).— B'HOl ; crystals, ppd. by 
adding ether to the alcoholic solutjjpn ; very hy 
groscopic.— B'jHjPtCl,: transparent rfcedles, 
GLYCIC ACID V. Glugic acid. 

(B.) ; (167°) (H.). S.G. ^ 1-166. Prepared by 
adding powdered caustic soda (but not potash) 
to an ethereal solution of its acetate (Breslauer, 
J. pr. [2] 20, 192 ; cf. Gegerfelt, Bl. [2] 23, 160). 
Obtained by the action of BaO (28 g.) upon chlor- 
hydrin (48 g.), dissolved in ether (60 g.) (Hannot, 
VoL. IT. 


C. li. 88, 387). Mobile liquid^ miscible with 
water, alcohol, and ether. Heated with water 
it forms glycerin. Reduces ammoniacal silver 
nitrate in the cold. In presence of glycerin it 
rapidly forms products of condensation. Dilate 
HNO, forms glycerin mononitrate. Distillation 
with KHSO, gives acrolein. 

. Acetyl derivative 

0<OaCH,OAo- (B-)i(169") (&.). S.O. 
25 1*129. Obtained by heating dry powdered 
potassic acetate with an equivalent quantity of 
epichlorhydrin over an oil bath, the temperature 
of which is slowly raised from 110° to 160°. 
After 20 hours the mass is extracted with ether 
and fractionated. An isomeric liquid (260®). 
S.G. 25 1-204 ia got as a by-product (Breslauer). 
Reduces ammoniacal AgNO,. 

Ethyl derivative 0<cH!cHrOEt. 
(129°). S.G. 12 -94. Formed by the action of 
KOH bn the ethyl-chlorhydrin derived from 
ethyl allyl oxide and KOH (Beboul, A. Ch. [8] 
60, 5 ; Henry, B. 5, 449). Liquid, sol. water. 
Readily combines with HCl. PCI, gives 
C,H,Cl,(OEt). 

Isoamyl derivative 0,H,0,.05H„. 
(188°). S.G. 25 *90. From isoamyl-ohlorhydrin 
and KOH. 

Pyruvyl derivative i.e. 

^‘sCRCHyO.CO.CO.CH,. (^) 1 

(J.). (260°). Formed by heating equi-moleoular 
proportions of glycerin and glyceric acid at 120°, 
and crystallising the product from alcohol 
(Erhart, M. 6, 611). Formed also by distilling 
glycerin with tartaric acid (Jowanowitsoh, M. 6, 
467). Needles, sol. hot water, but slowly saponi- 
fied thereby, sol. alcohol, benzene, and ether. 
Monoclinio : = 1-48:1; -77 ; i8«106° 83'. 

Readily saponified by alkalis, alkaline earths, 
and their carbonates. Bromine forms di-bromo- 
pyruvio acid. Sodium-amalgam gives lactic 
acid. It forms the following salts which are de- 
rived from its hydrate C„Hfo05.—KO,H,0,; silky 
needles. - Ca(C,H,0,), 2aq. — Cu(0,H,OJ, 8aq : 
blue crusts. — AgOjIIjO, : needles. 

GLYCIDIC ACID OsH,0, i.e. 

®<CH.CO^. “<**• 

Formation.— 1. By the action of alcoholic 
KOH on the o-chloro-/3-oxy-propionio acid that 
is formed by the union of acryjjiio acid with HOOl 
(Melikoff, B. 13, 271 ; 14, 939).— 2. In like man- 
ner from the isomeric jS-chloro-a-Oxy-propionio 
acid (Erlenmeyer, B. 18, 458). 

Properties. — Liquid, miscible with water, 
alcohol, and ether. Slowly combines with water, 
.becoming glyceric acid. Its caloinm salt 
readily takes up water, changing to calcium 
glycerate. Conc.^ClAq forms /3-chloro-«-oxy- 
propionio acid. 

Salts.— NH.A'.—KA4aq: small pnsma.— 
NaA'^aq.— ZnA'jSq: amorphous.— A^' : tri* 
•knetrio tables; when its ^ueous solution 1% 
boiled it deposits a silver mirnor. 

Ethyl •ther EtA'. (162° unoor.). S.G, 
•— 1*0933. From silver R-eWro-cuoxy-pro- 
pionate and EtI (Melikoff, JB. 21, 2068). OU| 
smelling somewhat like malonio ether. 
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HomologUM glyoidie Mid v, Mrtbtl- 

OLTOIDIO AOID. 

OLYCUTE V. GlyoooolIi. ^ 

GLYCO-DI-AMIDO-BENZOIO ACID 

i.e. COjH.OeH 3 (NH) 20 aH,o 04 . 
Formed by heating a oono. aqueous solution of 
gluoose (2 mols.) and diamido-benzoio acid (1 
mol.) for some hours at 90® (Griess a. Harrow, 
B. 20 , 2210). Small silvery plat^ (from water) ; 
V. si. sol. cold water, nearly in sol. alcohol and 
ether. Decomposed by melting. Not affected 
by boiling with aqueous HCl or baryta. Strongly 
dextrorotatory.— BaA'j (at 100 ®) : amorphous.— 
HAUCl: small plates; v. e. sol. water and 
alcohol. 

GLYCOCHOLIC ACID Oa,H„NO.. S. -33 in 
the cold; -83 at 100® (Strecker) ; %3 at 20®; 
•86 at 100® (Emich). S. (ether) -093 at 20° ; S. 
(benzene) *009; S. (CHCla) * 011 . [a]n = 29-9® 
(Hoppe, 0. G. 1859, 65). Occurs as sodium salt 
in the bile of animals, and in ox-bile it is aqcom- 
pmiied by sodium taurocholate, cholcstorin, pig- 
ments, Ac. (Gmelin ; Streckcr, A. 65, 9 ; 67, 1 ; 
70, 161, 166; Emich, Af. 3, 326; M. 4, 108; 
Gorup-Besanez, A, 157, 286). 

Reparation. — 1. The pp. formed in fresh ox- 
bile by Pb(OAo)j is treated with boiling (85 p.c.) 
alcohol, and the hot filtrate decomposed by HjS, 
mixed with water and set aside to crystallise. — 
2. Fresh ox-bile is evaporated to dryness over 
the water-bath; the residue is extracted with 
cold alcohol, and the filtrate mixed with a little 
ether. After some time the liquid is decanted 
from the sticky deposit, and more ether is added 
when the mixed sodium salts (Plattner’s * crys- 
tallised bile *1 slowly deposit. They are dissolved 
in water ana dilute H 2 SO 4 added, whereupon 
glyoooholic acid slowly crystallises.- 3. The 
readiest way of obtaining glycocholic acid con- 
sists in covering fresh bile in a tall cylinder with 
a layer of ether, and adding 2 c.c. of cone. HClAq 
for every 50 c.c. of the bile. The whole then 
usually solidifies after a while to a crystalline 
pulp of glycocholic acid, which may be re-crys- 
tallised from water (HWner, [ 2 ] 10, 267). 
In this experiment the bile of castrated oxen 
and of calves does not crystallise ; of other oxen 
it adways crystallises ; the bile of cows usually 
crystallises (Hfifner, J. pr. [ 2 ] 19, 302). Bile 
which when mixed with ether and HGl produces 
a crystalline pp. of glycocholic acid, contains in 
100 pts. of mixed taurocholic and glycocholic 
acids from 71 to 88 pts. of the latter acid, while 
bUe which does not*^roduce such crystallisation 
contains only from 47 to 57 pts. of glycocholic 
acid to 53 and 43 pts. of tajirocholic acid respec- 
tively (G. Hufner, J. pr. ( 2 ] 25, 97). Neverthe- 
less it cannot be held that taurocholic acid 
hinders the crystallisation of glycocholic acid, 
because a solution containing even 7 pts. of pure 
Bodic taurocholate to 1 pt. of pure sodic glyco- 
cholate gives crystallisation uraen treated with 
HGl and ether. The cause of non-crystallisation 
is therefore not yet explained (H.).— 4. According 
to Mihail (H. 11, 233), the qaickest method of 
obtaining G^yoocho^ acid in colourless crystals 
is as follows A drop of hydrochloric acid is 
added to fresh bile ; the mixture shaken and 
filtered ; ethyl ether and hydrochloric acid are 
then added to the filtrate ; the mixture shaken 
and iJlowed to remain. Ilie crystals formed are | 


> collected on a filter, washed with water holding 
hydrochloric acid and ether in solution, and dried 
in the air. By re-crystallisation they are ob- 
tained perfectly colourless. 

Prc^erfws.— Bulky groups of slender needles. 
V. si. sol. water, v. e. sol. alcohol, v. si. sol. other 
solvents. Its aqueous solution has a sweet and 
•slightly bitter taste. It reddens litmus. It is 
readily soluble in ammonia, aqueous alkalis, and 
baryta-water ; the addition of acids to those solu- 
tions reppts. the acids in a resinous form which 
slowly becomes crystalline ; this change is rapidly 
brought about by ether. The free acid and its 
salts are dextrorotatory. It is antiseptic. By 
heating above 140° it is converted into glyco- 
cholonic acid CjjH^iNOj. With sugar and cone. 
11^804 it gives on warming the crimson colour 
characteristic of Pqtfbnkofer’s test (v. Bilk). 
Solutions of glycocholic acid are not ppd. by 
gelatin (Maly a. Emich, M. 6 , 95), 

Beactiuns.—\. Boiling iiqtioous KOH sdjMi it 
up into glycocoll and cholic acid O 24 H 45 OS. ^wil- 
ing baryia-ioater clTccfcs the like hydrolysis, — 2 . 
Cone. HClAq and cone. 11^804 dissolve it in the 
cold, and'Svaler reppts. it from these solutions, but 
the boiling acids deposit oily drops of glyco- 
cholonic acid which solidify after a while. — 3. 
Boiling dilute HCl forms oholoidic acid, dyslysin, 
and glycocoll. — 4. Nitrous acid vapour passed 
into its solution forms ‘ chologlycollic acid ’ 
C 20 H 42 O, (Lang, Bl [2] 25, 180). This acid is 
amorphous, but forms a crystalline barium salt 
Ba(C. 2 oH 4 , 0 ,)j 3aq. - 6 . When mixed with HOAo 
k'nd 48 O 4 and heated it forms an orange colour- 
ing matter possibly related to the bile-pigments 
(Michailoff, B. 17, 444, Ref. ; J. R. 1884 [ 1 ] 
584).— 6. By heating with alcoholic NH, at 170° 
for 24 hours there is formed a substance 
C. 24 H„N 04 , which on evaporation crystallises in 
long silky deliquescent needles [125°] (Pollizzari, 
0. C. 1888, 1350). 

Salt s .—Solutions of the alkaline salts lather 
like soap. All the glycocholatcs are soluble in 
alcohol, those of the alkalis and alkaline earths 
dissolve easily in water, the rest are sparingly 
soluble and may be obtained by precipitation. — 
NaA' (at 100°). S. (alcohol) 1'6. The alcoholic 
solution deposits crystals when very slowly 
evaporated in a flask. Dry ether added to its 
alcoholic solution throws it down in an amor- 
phous state, but if the ether is wet it ba^omes 
crystalline (Stiideler, J. pr. 72, 257).--BaA'_( (at 
100 °) amorphous, S. 16-2 at 15°.— PbA'.^ (at 
100 °). 

Ethyl ether CaaH 42 EtN 08 . S.G. ;901. Pre- 
pared b^ saturating an alcoholic solution of the 
acid with HCl and heating in sealed tubes 
(Springer, Am. 1, 181).^ Slowly saponified by 

' Paraglyoooholio acid OgrBisNO^ [184°]. 
When glycocholic acid is ppd. by H 2 S ()4 from a 
solution of its Na salt, and the pp. is boiled with 
water paraglycooholio acid remains undissolved. 
Alcohol and boiling alkalis reconvert it into the 
• ordinary modification. 

GLYCOCOLL O^H^NO, i.e. CH 2 (NH 2 ).CO,H 

or or 

ArmdO’Ocetic acid. Mol. w. 76. (282®-236° oor.). 
8 . 23. S.G. 1*161. H. 0. 228,000 (Stohmaan, 



jv. [2] Occurs m the mussel Pecten 

ifTodtana (Ohittenden, A. 178 278) 

U by Braoonnot 

obtained it by boiling 
geUtin wi h dJuW H,RO..-2. Formed alw by 
hoihng gelatin with potash or baryta (Mulder, 

dil^A TTn?n '~^‘ foiling hippuric acid with 
dilute HCl (Dossaignes, A. [3] 17, 60; Kraut a. 

133 99).-4. By decomposing 
gl^cochoho or hyoglycocholic add with diluti 
acids or alkalis (Strecker, A. 67, 26 ; 70 188) — 
5. From bromo-acetic acid and NH, (Perkin a. 
NH^b/li 112).-6. Together witLcOa and 

1 ARo /S uric acid with cone. HIAq at 

166 (Strecker, Z, [2] 4, 216).-7..By the action 
of aqueous HI on Mantoio acid (Menschutkin, 

nr Tiifrn nitroso-thio-hydantoin 

w nitroso^thio.glycollic acid fcndHI (Andreasch. 

glyoxal by successive 
treatment wth ammonium cyanide and dilute 
H,bO^ (Lubavine, Bl. [2] 38, 379).— 10 By 
passing cyanogen into boiling HIAq (S.G. 1-96) 
(Emmerhng, B 6 mi). -11. From cyanoformio 
ether, zinc, and HCl (Wallach, A. 184, 13).-12. 

JM Oibout 7‘5 p.c. by boiling silk 

with dilute H^SO^ (Weyl, B. 21, 1531). 

Preparation. -1. Hippuric acid 500 g. is 
boiled with cone. HCl for 12 hours. The benzoic 
acid formed is removed by filtration and extrac- 
tion with ether, after which the liquor containing 
the hydrochloride of glycocollis evaporated until ‘ 
crystallisation sets in. The salt is washed with 
absolute alcohol. The yield is 90 p.c. (Curtius 
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lo uu p.u. iv^uruus a. 

Uoebel, J. pr [2] 37, 157).-2. Hippuric acid 
a,200g.) IS boiled for 12 hours with H,SO, 
(1,600 g.) diluted with water (3,200 g.). The pro- 
duct is all(^wed 24 hours to cool, it is then filtered. 
The filtrate is evaporated and shaken three 
times with ether to remove the last traces of 
benzoic acid. The liquid is diluted and neutral- 
ised with baryta (free from iron). The liquid is 
decanted from BaS04 evaporated. Some of 
tim dissolved barium can be removed by CO.. 
Theglycocoll crystallises out from the evaporated 
filtrate (T. Curtius, J, pr. [2] 26, 163).— 3. By 
heating ohloro-acetio acid (1 pt.) with solid 
ammonium carbonate (Spts.) to 70° and finally 
to 130° (Nenoki).— 4. Chloro-acetio acid (60 g.) 
and sodium carbonate (68 g.) are warmed with 
excess of aqueous ammonia- After boiling for 
7 hoursliydroohlorio acid is added and the liquid 
evaporated, ppd. with alcohol and filtered. The 
filtrate is digested with Cu(HO)j, warmed, fil- 
tered, and treated with alcohol, and then with 
hydrogen sulphide (Mauthner a. Suida, *lf. 9, 
728).— 6. By heating phthaloxyl-amido-aceflo 
acid CO^.C«H4 .CO.NH.CHj.CO± with double 
Its weight of 20 p.c. pure HCl, diluting with 
water, filtering, evaporating, and treating with 
ice-cold water, which leaves behind phthalic acid. 
On evaporating and washing wiUf absolute al- 
cohol, hydrochlorido of glycocoll remains as a 
snow-white crystalline powder (S. Gabriel a. K. 
Kroseberg, B. 22, 428). 

Properties. — Monoolinio tablets ; aib.c ! 
,-l:l-867;2-204; i8«68° 20^ (Schabus). Slight 
impurities change the crystalline form remark- 
ably : traces of NaOH or TlOH cause it to form 
rhombohedra, while traces of baryta induce the 
formation of very long thin prisms (Curtius). 
wjroocoll is inactive. It has a sweet taste. Si. 


wl. water, insol. ether and alcohol. Neutral to 
hydroxide 

from its sulphate by potash (Horsford, A. 60, 1). 
344) ’ gives a deep-red colour ^ngel, Fr. 16, 

— h distillation with BaO gives 
methylamme and BaCO,. Solid KOH acts in 
potassium 

899 . (Cahours, A. Oh. [3] 63, 

^ve off CO2 and HCy.— 3. Nitrous acid gas con- 
verts it into glycollic acid (Socoloff a. Streckei, 
^9, 44).-4. When 
noated with benzoic acid in sealed tubes, hippuric 
^id IS formed (Dessaignes, /. Ph. [31 32,44). 
Hippuric acidis also formed by treating zinc or 
silver glycocoll with BzCl (Dessaignes. G. B. 87, 

r glycocyamine 

C,H,N,0 (Strecker, G. B. 52, 1212).-6. PWZ- 
cyanamide in ammoniacal solution mixed with 
an alceholio solution of glycocoll forms on stand- 

16 , 7 With sodium hypohromite nitrogen 

18 evolved (Denig()s, G. B. 107, 662).— 8. When 
j solution of glycocoll is mixed 
with NaOH &nd phenyl-acetic chloride a reaction 
takes place and on acidifying phenyl-aceturic 
acid separates. Its ether C.^H^NO^Et crystal- 
hses in broad prisms [79°].-9. When benzoic 
aldehyde is added to an aqueous solution of gly- 

which slowly solidifies over H.,SOj 
a. ^ (Schilf, A. 210, 126). CEnanthol forms a similar 

;l(i ! nnmnmiriH n XX r\n tx vvrv tt csr\ . 
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compound C,H,4OO2H,NO,H2SO,.-10. Heated 
with cmic acid at 200° for 20 hours there is 
formed a product whence NaOH ppts. amorphous 
glycodyslysin a^H^^NO, (Lang, Bl. [21 25. 
180).— 11. Chloroform and KOH form isocyano- 
acetioacid C:N.CH2.C02H (Calmels, Bl. [2] 42, 
2oo).-~12. Guanidine carbonate forms the com- 
pound 02H.N02(CHjNj).^C0,aq (Nencki a. Sieber, 
pr. [2] 17, 48U).-13. Urea (10 pts.) at 230° 
forms uric acid (Horbaezewski, B. 15, 2678). 

Salts.— The fact thatfglycocoll only forms 
salts with such metals as can displace the hy- 
drogen of amidogen tends to show that the salts 
have the formula OH2(NHR)COJa, and not 
C^(NH2)C02R. Thus it forms no salts with 
alkahs, and probably none with alkaline earths. 

Barium salt.— If excess of baryta be added 
to glycocoll sulphate and the solution be filtered 
the liquid may perhaps contain glycocoll-barium, 
but on adding alcohol a pp.As got, which con- 
tains variable amounts of glycocoll and baryta. 
If this pp. be reorystallised from alcohol it be- 
comes pure glycocoll. •Hence glycocoll-barium 
ifl very unstable, if indeed it exists (Curtius 
J?r. [2] 26, 161). ’ 

III Zinc salt C2H4NO.jZn aq. Partially decom- 
posed by hot water. Boiling NajCO, removeg 
one-third of the zige. 

Silver salt AgA'. Prepared by heating 
silver oxide (38 g.) nearly to boiling with a solu- 
tion of glycocoll jlOO g.). The hot Uquid is fil- 
tered and allowed to cool in the dark. After an* 
hour the liquid is poured off from the silver gly- 
ooooU and heated with the r|maini]ig silver 
oxide. This process is repeated until t)ie quan- 
tity of silver glycocoll that separates ojn cooling 
begins to decrease when a fresh quantity of silver 
oxide (88 g.) is added to that which still remaini^ 

• B 2 
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and the prooess is oontinaed till all the silver 
oxide is either used up or reduced to silver. 
Yield 75 p.o. (Curtins, J*pr. [2] 26, 166)7 Crys- 
tallises in tablets. Turns grey in daylight. It is 
not hygroscopic. It is strongly alkaline. It de- 
composes at 100°. Warmed with a mixture of 
benzene and benzoyl chloride it forms silver 
chloride and the three following acids : (1) Hip- ' 
purio acid (Dessaignes, C. R. 87, ^51] ; (2) an acid 
[207°], which when boiled with di- 
mte acids gives benzoic acid and tioo molecules 
of glycocoll, and hence it may perhaps be written 
Ph.CO.NH.CEL.CO.NH.CH 2 .CO.;B; (3) an acid 
CjpHijNjO^, wriich blackens at 240° without 
melting, but with acids gives also benzoic aci<l 
and glycocoll on boiling (T. Curtms, J. pr. 132, 
239). Silver glycocoll is converted by EtI into 
NEt 3 l.CH,.CO,Et.— AgA'HOEt. Obtained by 

ppg. a solution of silver glycocoll by alcohol. 

Other salts, — PdA',; yellow needles 
(Dreohsel, J. pr. [2] 20, 475).— CdA'o aq : silky 
foliated crystals.— CuA'jaq : blue needles. S. *6 | 
at 16°.— PbA';^ aq : needles.- HgA'jaq: small 
crystals. I 

Salts with acids. — HA'HCl: deliquebcent j 
crystals, v. e. soL water, si. sol. alcohol ; has an j 
acid, slightly astringent taste.— Hj^'jHCl : tri- ; 
metric crystals ; a:h:c = 1 : 1*1108 : *3091.— 
H,V 2 HjPtCl,.— HA'HNO, : [145°]. Decomposed ' 
by fusion (Franchimont, B. T. C- 2, 339).^ Tri- 
metrio crystals ; a:bx » 1:3*412 ; 2*969 (Nickl^s, 
Compt Ohim. 1849, 256); = *0687 : *750 ; 1 
(Loschmidt, Sitz. W. 61 [2] 386). According to ^ 
Horsford they are monoclinic.— HjA'jHNO,. — 
H^'^S 04 . Large prisms, permanent in the 
air; sol. water, insol. alcohol and ether. Ac- 
cording to Nickh^s the crystals are trimetrio; 
a:b:c » 1 ; *424 : •321.--HA'HOAo 1 .^aq : crystal- 
Uses from water. — H^A'jHjCjO* : trimetric crys- 
tals ; aibic - 1 : 3*072 : 2*792 (N.). 

Combinations with both acids and 
base B.— KATBLCL— Ba A'jR^Clj : trimetrieprisms. 
— KA'HNO,: needles (Bou88ingault,il. 39, 310).— 
CuA'jOu(NO,), 2aq : bjue nee^es.— AgA'HNO, : 
needles.— KHA'^ 2 S 04 : prisms. 

Acetyl derivative v. Acetcrio acid. 
Benzoyl derivative v. Hippubio Aom. 

* Salicyl derivative v. Oxy-benzoio acid. 
Methyl ether NH,.CE[ 2 .CO^e. (54°) at 
50 mm. Obtained by suspending its hydro- 
chloride in ether, shaking with the theoretical 
amount of AgjO, evaporating the filtrate, drying 
over BaO and fractionally distilling (Ourtius a. 
Goebel, J. pr. [2] 37, 166), Liquid, miscible with 
all ordinary menstrua; boils with decomposition 
at 130°. It forms a copper salt crystallising in 
blueneedles.v.soL water. Cu(NH,O^COaMe). 2 aq. 
Hydrochloride NH,Cl.CHj.COjMe. [176°]. 
Formed by passing gaseous HCl through 
methyl alcohol containing glvoocoll hydrochlor- 
ide in suspension until solption takes place 
(Curtius a. Goebel, J. pr, [2] 87, 169). Prisms, 
V. sol. cold alcohol Yields ethylamine when dis- 
tilled with NajCO,. Its plati^oohloride is v. sol. 
Alcohol and water. ' 

Acetyl derivative of the methyl ether 
V . Acetubio Aozp. 

NH^OELCOaBt. (149°) at 
748 mm. ; (66°) at 40 mm. V.D. 8*47 (calc. 8*67). 
Formed by treating its hydrochloride in ethereal 
lolution with A&O as in the preceding case 


(G. a. 0.). Formed also from bromo-acetfe ether 
by treatment with silver nitrite and reduction of 
the resulting nitro*aoetio ether (De Fororand, 

C. B. 88. 974). Colourless liquid, raisoible with 
water, alcohol, ether, benzene, CIIOl,, and petro- 
leum-ether. Somewhat volatile with steam. Ab- 
sorbs COj. Does not solidify at -20°. Gives 
*n-propylamine when distilled with NajCO,. Its 
copper salt Cu(NH.CH 2 .COjEt )2 2aq crystallises 
in blue plates, v. sol. water. Hydrochloride ' 
l^HjCl.C^CO-Et. Formed by passing 

dry HOI into alcohol containing glycocoll hydro- 
chloride rin suspension until solution occurs 
(G. a. 0.). Long needles ; may be sublimed. Its 
platinocnloride forms needles [212°]. Hydro- 
iodide NH.I.CHj.CO^Et. Formed by heating 
glycocoll with alcohol and EtI or even Mel at 
120° (Schilling, A. 97 ; Kraut, A. 177, 267). 
i Trimetric crystals. With Ag^Oit gives glycocoll, 
alcohol, and Agl.— N i t r a t e NH,(NO,)OH 2 COjEt. 
Crystals (Curtius, B. 17, 953). 

I Acetyl derivative of the ethyl ether 
V . Aceturio acid. 

I Allyl ether. Hydrochloride 
I NHaCl.^-CO-AH,. [170°-180°]. Prepared by 
j suspending glycocoll hydrochloride in allyl al- 
; cohol and passing HCl until a solution is ob- 
tained (C. a. G.). Thin plates, m. sol. cold 
i alcohol. 

Isoamyl ether. Hydrochloride 
NfI,01.CH.^.C02C^H„. From glyooooll, isoamyl 
alcohol, and HCl. Syrup. 

Phenyl ether NH-.CHj.COjCjHy From 
phenyl chloro-acetate and alcoholic NH, at 140°. 

, Needles, sol water, v. si. sol. alcohol and etlicr 
I (Prevost, J.pr. [2] 4, 379). 

JLnhydridt O^NO i.«. CH,<'^q> or 

CH,<™^°>CH,. [276»]. Prepared by do- 

composing an aqueous solution of the hydro- 
! chloride of glycocoll ethyl or methyl ether with 
1 silver oxide and extracting the mixture of silver 
chloride and anhydride with hot water, by which 
the latter is dissolved out and crystallises on cool- 
ing (Curtius a. Goebel, J.pr. [2] 37, 178). , Plates. 
V. sol. hot water and dilute alcohol. Neutral to 
litmus. It does not combine with ammonia and 
the alkali metals, but forms salts with silver 
(OjHjAgNO) and copper. It forms a hydrochlor- 
ide crystalusiiig in long needles [ISO*], con- 
verted by boiling water into glycocoll hydro- 
chloride.— Plat i no chloride 
B' 4 (HCl) 2 PtCl 4 8aq. Large orange-yellow crys- 
tals, sol. water, si. sol alcohol. 

' Amide NHj.CHj.CO.NHj. Amido^acekmide. 
Formed in small quantity by heating glycocoll 
with alcoholic NH, at 160°. It is also one of the 
! products of the action of alcoholic NH, on 
ohloro-aoetio ether (Heintz, A. 148, 190 ; 160,67). 
Obtained Iroih its hydrochloride by treatment 
with AgjO. Solid; v. e. sol water; alkaline 
in reaction. Decomposed by boBing water into 
NH, and glycocoll.— B'HOl: monoolinio needles; 

'■ T. e. sol water, si. sol alcohol — B'jH^tCl,. 

Etbyl-glyeocoll v. Ethtl-amido-acetio acid. 

Pheuyl-glycooollo.PBENTL-AMiDo-AcnncAoio. 

Nitro-phenyi-glyoocoll v. Nitbo -pheeyl- 

AUIDO-AOBTZC ACID. 

Sttlphe-phenyl-glycoeoll v. Sulpbo-pbinyi<- 
AMIDO-AOITIO ACID. 
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Hitro-tolyl-glyooeoU v, Nmio-TOLtii-AMiDo- 

iOBTZO ACID. 

OlYCOOOLONIC ACID 0»,H„N0,. A pro- 
dnotof the aotion of oono. HClAq on glyoocholio 
acid (Streoker, A. 67, 26 ; 70, 160). Formed also 
by heating glyoocholio acid above 140®. Needles 
(from alcohol). Insol. water and ether, v. aoh 
alcohol. Decomposed by boiling HClAq into 
gly cocoll and cholic acid. NaA' : crystals (from 
alcohol) (Mulder, J. 1847-48, 907). 

OLYCOCYAMINE C3H,N,0, i.c. 
NH;0(NH,).NH.0H2.C04H. Oicamdo-g^etic acid. 
Mol. w. 117. S. *8 ^trecker), *44 (Nencki). 

Forf^tion, — 1. j3y adding a few drops of 
ammonia to an aqueous solufion of glycocoll 
mixed with cyanamide (Streoker, C. B. 62, 1212). 
2. By heating an aqueohg solution containing 
glycocoll and guanidine carbonate, glycocyamine 
and ammonio carbonate are formed (Nencki a. 
Sieber, J, jar, [2] 17, 477) ; the reaction taking 
place as follows: 2C2H5NO,+ {CH4N,),H..COs 
= 2C,H,N,02 + (NH,)^,CO,. Probably the guan. 
idine first breaks up into cyanamide and am- 
monia. 

Properties, — Transparent needles. SI. sol. 
cold, V. sol. hot, water; insol. alcohol. Boiled 
with cupric acetate it gives microscopic crystals 
of Cu(0,H,N,0j2. 

Salts.— HA'HOl: prisms ; v. sol. water.— 
H,A'gEL,Pt01, 8aq. 

Glyoooyamidine CsHjNjO is. 

The hydrochloride is obtained by heating gly- 
cocyamine hydrochloride to 160® (Strcckcii). 
The ba^e may be liberated by boiling this salt 
with lead hydroxide and water. Lamina) ; v. e. 
sol. water. Has an alkaline reaction. It forms 
a compound with ZnCl, crystallising in needles 
resembling the corresponding salt of creatinin.— 
B'HGl: V. sol. water.— B'jB^tClg2aq: needles. 

jRs/srgncs.— B knz-gltoootamidini. 

GLYCODRTJPOSE v, CklluiiObk. 

OLYCODYBLY8IN C^HnNOg. An amorphous 
powder formed by heating glycocoll with cholic 
acid at 196® (Lang, Bl. [2] 26, 182). SI. sol. 
water, ▼. sol. ether, v. e. sol. alcohol. Not 
attacked by alcoholic EOH. Boiling HClAq 
forms glycocoll. 

OAYCOOEN OgH„0.. 

Occurrence. — In the liver and in the placenta, 
entering largely into the constitution of most of 
the tissues of the embryo (Cl. Bernard, C. i2. 41, 
461 ; 44, 678, 1326 ; 48, 77, 768, 884 : Sanson, 
G,B. 44, 1169, 1328 ; 46, 140, 343 ; Seffifif, 4?. B, 
48, 880 ; E. Pelouze, C. B, 44, 1321 : Bonnet, 
C. B. 46, 139, 678; jgiekulA 0, 0, 1868, 800; 
Poggiale, X Ph. [8] 84, 99 ; Harley, Pr. 10, 289 ; 
Pavy, P. If. [4] 17, 142; Pr. 10, 628; 11, 9(]^, 
Gorup-Besanez, A. 118,227; M4)onnell,Pr.l2, 
476; Wittich, Fr. 14, 227; Aldehdff, Z, B. 25, 
187 ; Manoh6, Z. B. 26, IQS ; Ohandelon.P/. 13, 
626 ; Sohmelz, Z. B. 24, 180) . As much as 11 p.c. 
has been found in the liver of new-born puppies 
(Demant, H. 11, 142). Occurs also in blood, 
muscle, spleen, kidneys, pancreas, and brain 
(Pavy, Pr. 82, 418), and in the white and yolk of 
egg. Qlyoogen is uniformly distributed through- 
out the liver, but in the muscles of the heart, 
where it also occurs, it is unevenly distributed 
(Cramer, Z*U. Biol, 24, 67). Occurs in the urine 


in diabetes mellitus (Leube, G. C. 1888, 1278). 
In vehicular cells of the connective tissue of 
moUusca, such as oysters (Bizio, G. B. 62, 676 ; 
65, 176 ; Blundstone, Pr. 88, 442). In the cock- 
roach {Blaita orientalis)y and in Bombyx mori 
(a butterfly) and its chrysah's (Anderlini, C. C. 
1888, 461). It is present in a largo number of 
fungi, where it seems to lake the place of the 
starch of higher plants (Errera, 0. 0. 1888, 252). 
It is present in beer-yeast (Errera, C. B. 191, 
263 ; Laurent, C. C. 1888, 262). Found in 
ciliated infusoria (Maupas, 0. B. 101, 1604). 
When the following substances are introduced 
into the systems of starved dogs or rabbits no 
appreciable quaniities of glycogen are found in 
the liver ; mosite, mannite, quercite, erythrite, 
and fats. But glucose, milk-sugar, cane-sugar, 
Ifflvulose, inulin, glycerin, gelatin, and protei'ds 
promote the formation of glycogen. It is not 
cleaj whether the glycogen is directly formed 
from these substances or whether their presence 
promotes its formation from some other source, 
or hinders its destruction when formed (Von 
Mering, Pf. 14, 274 ; cf. Forster, N. Bep. Phann. 
25, 733 ; Wolfberg, Zeit.f. Biol. 12, 266 ; Seegen, 
Pf. 40, 48 ; Chittenden a. Lambert, Dissertation 
1885). Asparagine, glycocoll, and, above all, 
auMnonium carbonate, when given to rabbits 
with a carbohydrate diet greatly increase the 
amount of glycogen in the liver (RShmann, Pf. 
39, 21). 

Preparation.—!. Glycogen is best obtained 
pure by Briicke’s method {Sitz. W. 63 [2] 214), 
which readily separates all proteids from it. A 
solution of potassio-mercuric iodide is prepared 
by precipitating mercuric chloride with potassium 
iodide, washing the precipitate and then satura- 
ting a boiling solution of potassium iodide with 
it. A watery solution of glycogen, mixed with 
albuminous matters, is prepared by cutting a 
perfectly fresh liver into pieces about the size of 
a hazel-nut, and throwing them into boiling 
water for a couple of rmnutes, so as to destroy 
the liver ferment, whiclrwould otherwise convert 
the glycogen into sugar ; the pieces are then 
bruised in a mortar and extracted with boiling 
water, and the solution is Altered. As tfoon 
as the filtrate is cold it is treated alternately 
with hydrochloric acid and the potassio-mercuric 
iodide solution as long as these agents produce 
any precipitate, and after standing for five 
minutes the solution is again filtered. Alcohol 
is then added until aboulT 69 p.o. of absolute 
alcohol is present in the liquid : this throws down 
the glycogen alone, hnt more alcohol precipitates 
other bodies with it. The precipitate is collected 
on a filter, washed first with weak, then with 90 
p.o. alcohol, and finally with ether, and is then 
transferred to a tile to dry. Glycogen is thus 
obtained as a snow-white aihorphous powder ; 
if impure or iftt quite dry, it forms a semi- 
transparent brittle mass.— 2. The boiling aqueous 
decoction of liver is treated with ZnCl, ; the 
filtrate is evapoxited and mixed with dilute (60 
]^.o.) alcohol, acidified with HCl. The ppd. gly- 
cogen is washed with alconol (Abeles, J, Th, 
1881,68; P/. 24, 486). • 

Prwertws.— White mealy amorphous pow- 
der. According to Kfilz a. Borntriger (Pf. 24, 
19) at 100® it is (CaH,oOj), aq. With water it 
forms an opalescent solution. On evaporating 
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this solution the glycogen separates in films. 
Its hqueous solution is dextrorotatory vary* 
mg from 203'> to 234° according to concentration 
(Kulz, Pf. 24, 86 ; Landwehr, Z. 8, 171) ; but 
the polariscope may be used in its estimation 
(Cramer, Z. B. 24, 180). It is insol. alcohol. 
Its ppn. from aqueous solutions by alcohol is, 
greatly promoted by the presence of NaOl and 
other salts (Kiilz, 16, 1800). Charcoal removes 
« from its aqueous solution. Iodine colours 
its aqueous solution red. Glycogen does not 
reduce Fehling’s solution. Glycogen dissolves 
forming an amorphous acid. 
With baryta-water it gives a pp. of Ba0(0gH,.0.)« 
while lead subacetate forms PbO(C^„Oj),. 

Estimation. — The substance iE^ztractedwith 
hot dilute KOH, the proteids are ppd. from the 
solution by HCl and potassio-merourio iodide, 
and the glycogen is then ppd. by alcohol, dried, 
and weighed (Kiilz, Z. B. 22, 161). 

Be^tions. — 1. Diastase and saliva irans- 
form it into maltose, a little glucose, and an 
achroo-dextrin (Musculus a. Mering, H, 2, 413 • 
Siegen, C. 0. 1877, 8). It is not changed to 
sugar, to any significant extent, by contact with 
blood (Pavy, Pr. 32, 418). Boiling dilute mineral 
acids convert it into glucose (Kiilz a. Bomtrager, 
Pf. 24, 28).— 2. Does not ferment with yeast . — 
8. Boiling dilute HNO, forms oxalic acid. — 4. 
Bromine followed by Ag^O forms glycogenic acid. 

6. Cold cone. HNO3 forms amorphous ‘nitro- 
glycogen • C,3 H|b(N 02)0 ,o, insol. water, alqohol, 
and ether, sol. alkalis and dilute HCl (Lustgar- 
ten, M, 2, 634). — 6. A mixture of fuming HNO, 
and HjSO^ forms ‘ di-nitro-glycogen ’ 
C,H,(N02)20„ a white powder, insol. water, alco- 
hol, ether, alkalis, and dilute acids, which ex 


resulting diacetate 0,H,(OAo), with solid KOH 
(Wurtz, G.R. 43, 199 ; A.Ch. [3] 66,400 ; A. 100, 
110 ; 81 ^ 1 . 1, 86).— 2. By heating for 2 days 
m a sealed tube at 100° a mixture of ethylene 
bromide (60g.) with potassium acetate (60g.) 
Md (86 p.o.) alcohol (120 g.), and saponifying 
the resultmg mono-acetate CH2(OH).CH20Ao 
with potash or baryta (Atkinson, P.M. [4] 16, 
433). Debus (A, 110, 316) recommends saponi- 
fying the mono-acetate with water in sealed 
tubes at 100°. By heating a mixture of ethylene 
(^2 g.), and dilute alco* 
hoi (200 g. of S.G. -82), Demole (A. 173, 117) oh- 
tamed glvool and acetic ether. From 600 g. 
ethylene bromide Erlenmeyer (A. 192, 246) ob- 
tamed 126 g. glycol.-3. Together with poly- 
ethylenic glycols by^^eating ethylene oxide with 
water (Wurtz). — 4. From ethylene chloro-iodide 
and moist Ag^O at 160° to 200° (Maxwell Simp- 
son, A SwppZ. 6, 263).— 6. Together with NMe, 
by boilmg a cone, aqueous solution of neurine 
(Wurtz, A. Suppl. 6, 200).-6. By heating ethyl- 
ene bromide (1 pt.) with water (12 pts.) and PbO 
at 160°^'Eltekoff, B. 6, 658).-7. From ethylene 
bromide (66^ pts.), water (180 pts.), and Ag,.CO, 

* AgjSO, used instead of 

Agi^COjdo^notgive glycol (Beilstein a. Wiegand, 

^ Preparation.—!. Ethylene bromide (188 g.) 
IS boiled with water (1000 g.) containing K^CO, 
(138 g.) in solution in a flask with inverted con- 
denser. A large quantity of vinyl bromide 
escapes. As soon as all the ethylene bromide 
has disappeared the liquid is evaporated to dry- 
ness, and the glycol separated from the KBr by 
solution in alcohol. The alcohol is then dis- 
tilled, when the glycol (13 g.) passes over at 198° 
(Zeller a. Htifner, J. pr. [2] 10, 270). In this 


p odes at 80^ to 90®, It is converted by ammo- i {/ueuer a. nuiner, j. pr. [2] 10» 270) In this 
ni^ sulphide into a dextein which has but , process Na^CO, (106 g.) may be used^stcad 
shght power of reducing Fehling’s solution, and ■ K,CO„ whereby the yield may be increased (to 
18 dextrorotatory Fain = 194 at 27° Ju ® 


18 dextrorotatory [0]^ = 194 at 27° (Lustgarten). 
7. AOjO at 165° forms an amorphous tri-acetyl- 
derivative CaH,Ac,Oj, insol. water, alcohol, and 
ether (Schiitzenberger, A. 160, 80). 

Achroo-glycogen C,H„0,. Obtained from 
snail’s mucin, by treating with 6 to 10 p.c. 
aqgeous KOH, separating proteids by potassio- 
mercurio iodide, filtering, and ppg. the aohroo- 
glycogen by alcohol (Landwehr, Z. 6, 74). 
Amorphous white tasteless solid, v. sol. water, 
forming a strongly opalescent solution. It does 
not reduce Fehling’s solution. By treatment 
with saliva, diaetale, or boiling dilute acids it 
is converted into dextrin and glucose. It differs 
from glycogen in giving up colour with iodine. 

OIYCOOmc ACID 0^„0,. Formed by 
treating an aqueous solution of glycogen at 100° 
with bromine, and then adding AgjO (Chitten- 
den, A. 182, 206). Veiy acid syrup. Is perhaps 
identical with gluconic acid.— CaA',; minute 
needles ; si. sol. cold water,— 15aA'- 8aq : prisms. 
-Pb,OAO,.-CoA',2aq. 

oLtCOL _ wo, WpH)3(OH,. 


3og.), although the product is not so pure 
(Stempnewsky, A. 192, 242). BaCO, used in- 
stead of K^CO, yields no glycol. — 2. By heating 
ethylene bromide (1 pt.) with water (26 pts.) for 
130 hours in sealed tubes at 100° ; the yield 
being 60 p.c. (Niederist, A. 196, 864). 

Properties.— Colourless liquid, with sweet 
taste, but no smell. Miscible with water and 
alcohol; sL sol. ether. It dissolves KOH 
Oa(OH)„ CaCl„ NaCl, ZnCl,, 8bCl„ andi.HgCIj. 
In a freezing mixture it sometimes solidifies to a 
mass of crystals. 

Reactions. — 1. When dropped upon platinum 
black, COj is given off and the metal may even 
be^pra6 incandescent. If in this experiment 
the glycol be diluted with water and the air with 
COjj, glycoHic acid is produced by the oxidation. 
2. Cold dilute nifrto acid forms glycoUic acid, 
at higher temperatures it forms oxalic acid. 
When glycol diluted with four times its volume 
of water is placed in a tall vessel and strong 
nitric acid is introduced so as to form a layer at 
the bottom, and the whole is kept for some time 

OAO 1.1 M 1 1 _ VI* « 


tPAiTT » ^ oowom, ana tne wnoie is kept for some time 

w. 6^ [--11’6°] (Bou* I at 80°, there is formed glyoollic acid, glyoxylic 
perhaps also glyoxal (Debus, A. 110, 

1 1168 1 lx 1 112x (Perkiiit Om <7^ 46. 504) i v AIR).-— 3 . (inAMofM of 


, . ic. 100, 462). (198° cor.). S.Gvi5 
1*1168 ; P l*112f (Perkin, 0. J. 46, 604) ; h 
1*1072 (Briihl). cM.M. 2*948 at 16*1° (P.). 4 
-1*4826. Bao -23*82. H-F.p. 100,890 (TA.). 
HJP.v. 99,160. S.y. 65*6 (Bamsay). 

ForrmUon.—!. From ethylene iodide bydis* 
tflling with filver acetate and saponifying the 


.a. JllU, 

816).— 3. Caustic potash at 260® forms oxalic 
acid with evolution of hydrogen. — 4. By heating 
with zinc chloride at 260° there is formed alde- 
hyde and orotonic aldehyde (Bauer, Rip. ohim, 
pure, 1860, 244).— 6. By heating with a large 
quantity of water at 210° there is also formed 



GLYCOL. 


»Mehyfle (Nevole, Bl. [2] 2n, m).- 6. By heat- 
ing with acids it yields ethers by displacement 
^ one or both of its hydroxyls by acid residues 
^ourenvo ^ 114 122).-7. PCI, gives ethylene 

forms CH^Cl.CHjOAo. — 9. By heating with 
ammomum chlonde at 180°-190° for 8 hours 
‘•'^■inethyl.pyridine (collidine) 

’ P«^nN ; the yield being 16 to 20 p.c. of the 
theoretical (Hofmann, B.17, 1906).— 10. Heated 
with fuming HCl in a sealed tube at 100° it 
forms ethylene chloride (Schorlemmer, O.J. 39, 
143) ; but when saturated with HCl ih an open 
vessel and then distilled the product is glycol 
fonns oily CaH,.p. 
(240 ) and a crystalline cBlorinated body [39°! 

(0. 200°) (A.Mit8cherlich,0.i2.66,188).— 12. An 

aqueous solution of glycol acidulated with H„SO, 
18 converted by electrolysis into CO, oxygen, and 
CO.j, together with formic paraldehyde (tri-oxy- 
methylene), formic, acetic, and glycollic acids, 
and a polymeride of formic aldehyde resembling 
glucose (Renard, A. Ch. [6j 17, 315).— 13. By 
heating glycol (2 pts.) with soda-lime (6 pts.) at 
250 there is formed an acid [103°] 

which may be crystallised fromligroin and ether 
(Sturcke, A. 223, 300).— 14. When heated with 
aldehydes ECHO, glycol forms ethyl«ne deriva- 
/O.CHo 

ti ves of the ortho-aldehydes RCII<^ | *( Wurtz, 
^O.CH, 

Eip. chim, pure, 1862, 16; Lochert,\4. Ch, 
[6] 16, 36). Thus isobutyrio aldehyde giveS 

PrOH<°>C,H,. (125»). S. 10.-15. OHloral 

unites energetically with glycol, and the result- 
ing compound treated with pentachloride of phos- 
phorus gives a compound (S. G. H 1-73) which may 
be CCI,.CH01.0.CH,.CH2.0.CHC1.CC1, (Henry, 
B. 7, 762). If a mixture of equivalent quantities 
of glycol and chloral be left to stand forsomedays, 
hard transparent crystals of C,,HCl30C.AOo 
[42°], H.F. 16,400, separate (Do Forcrand, 
0. B, 108, 618).— 16. Phosgene COCI3 forms 

0»E[4 <^q^CO [39°] (236°) crystallising in prisms 

aol. water and alcohol, insol. ether (Nembrowsky, 
[2] 28, 439).— 17. Distillation with omlic 
aciff gjjves formic acid, and thediformyl derivative 
of glycol (0. 174°) (Lorin, G, R. 79, 387; Bl. [2] 
21, 409; 22, 104). - 18. Algce (Spirogyra) aro 
able to convert glycol into starch (Bokorny, C. C. 
1888, 868). 

Sodium derivatives.— C3H^(OS)(ONa). 
Formed by dissolving sodium in glycol, white 
crystalline deliquescent substance. Heated with 
vinyl bromide in a seaTbd tube it yields ethylene, 
glycol, sodium bromide, and apparently form!# 
acid. With methyl alcohol ik crystallises as 
OjH4(OH)(ONa)MeOH in brilliant • spangles. — 
With ethyl alcohol: 03HdOH)(ONa)EtOH. — 
0,H,(OH)(ONa)C,H,OH. WRh glycol it forms 


m 


crystalline 0jH4(0H)(0Na)02H4(0H)j, (Forcrand. 
0 . B. 107, 848, 1160; 108, 240).-C3H4(ONa) * 
Formed by fusing the preceding with excess of 
sodiu]^. Deliquescent mass. When distilled 
with ethylene bromide it yields vinyl bromide, 
glycol, and NaBr. With ClCO.^Et in ether it 
forms 03H4(0.C0.jEt), (0. 226°) (Wallach, A, 226, 
81.7. 


Mono-nitrate 0JB.Ni.,, .... 
CH.(OI}).CH.ONO,. S.G.lll-31. Prom glyool 
bromhydrm and AgNO, (Henry, A. Cft. [4] 27, 
243). Liquid, sol. water. 

Di-nitrate C3H.N»0.i.e. 
CH3(0N03).CH3(0N03). S.G. fi 1-484. From 
(100 gj, and HaSO, 
(200 g.) at 0° (IJ. Champion, Z. 1871, 469). Ex. 
plosive oil. 

Nitrite-nitrate (?) O^H.NA t.c. 
CH3(0N0).CH3(0N02). S.G. 1-47. Formed by 
passing ethylene into a cooled mixture of HNO, 
and H.,S04 (Kekul6, B. 2, 329). Oil. Sodium- 
amalgam forms glycol and gives off all the N as 
NHj. 

Aceto-vAtrate CH3(OAo).CH2(NO,). S.G. 

1-29. From the mono-acetin, HNO„ and 
n,S04 (Henry, A. Ch. [4] 27, 269). OU, v. e. 
sol. dilute HCl. 

Mono-sulphuric acid 
CIl2(OH).CH2(0,S03H). From glycol and sul* 
phuric acid (Simpson, A. 112, 146). Formed also 
by the action of sulphuric acid on glycol chlor- 
hydrin (Oppenheim, B. 3, 786). Its chloride 
CH2(0H).CH2(0.S0,2C1) is formed by treating 
glycol with SOjClj (Bernhard, J. pr. [2] 17, 342). 
The free acid is unstable, being decomposed by 
hot water into glycol and HJ8O4. The potas- 
slum salt is hygroscopic. The barium salt 
BaA'j is V. sol. water, almost insol. alcohol. 

Disulphuric acid 

CH2(0S03H).CH2(0S03H). From glycol and 
ClSOaH at 0° (Claesson, J. pr. [2] 20, 6). Thick 
syrup, decomposed by water, especially on warm- 
ing, into glycol and H,2S04. Its salts are insol. 
alcohol.— BaA" 2aq : hair-like needles. — KA" . 
silvery mass. 

Borate (CH,2(0H).CH20),B. [162°]. Prom 
glycol by treatment first with gaseous, then with 
liquid BCI3 (Councler, B. 11, 1106). Minute 
laminae, nearly insol. ether. Decomposed by 
moist air. 

Mono-acetyl derivative i.e. 

CH.2 (OH).CH_,(OAc). Qfi/col monacetin. Mol. 
w. 104. (182°). Prepared by heating ethylene 
bromide (1 pt.) with KOAc (1 pt.) and 86 p.c. 
alcohol (2 pts.) at 100° in a closed bottle for two 
days (Atkinson, P. M. [4] 16, 433; A. 109, 232 ; 
Erlenmeyer, A. 192, 246) or by boiling the same 
mixture with inverted condenser (Maxwell Simp- 
son, Pr. 9, 725). The product is fractionally 
distilled. Glycolic mono-acetin may also be 
prepared by heating glycol H ]g[iol.) with Ao-O (1 
mol.) for several hours at 170° (Maxwell Simp- 
son). Colourless liquid, heavier than water. 
Miscible with water* and alcohol. Its aqueous 
solution is neutral but it is easily decomposed 
by potash and baryta yielding glycol. Boiling 
with ethylene bromide and alcohol (S.G. *82) 
converts it into glycol (Demole, A. 177, 46). 
AoCl forms G|H4(OAo), aM CH,01.CBL.OAi 
(Louren^o, A. 114, 127). 

Di-acetyl derivative O^^^O^i,e. 
CH3(OAo).CH2((^o). Qlycol diacetin, MoL w. 
146. (187°) (\^rtz) ; (190°) (Perltinj. 


?128 (w.);' ^ i-isei 'GBrthirrU 

1-1018 (P.). 1-4288. B*.51-79'(B.). M.a: 

6’464 at 18° (Perkin, C. J. 45, 606). v.D. 4‘74, 
S. 14 at 22°. Bate of formation : Mensaho tHn 
B. 18, 1812. ^ * 

Formed by heating ethylene bromide Or todidt 
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with silver acetate (Wurta, C. R. 48, 199 ; A. 
100, 110 ; A. Oh. [3] 65, 400). From the inono- 
acetin by heating with AcC31 in a sealed tube at 
100 *^ and fractionally distilling the upper layer 
of the resulting liquid. Obtained also by heat- 
ing ethylene bromide with KOAo at 160° to 200° 
(Demole, A. 177, 49). Neutral liquid ; dissolves 
in 7 pts. of water at 22°, and*' is separated by 
OaClj from this solution. Miscible with alcohol 
and ether. Boiling dilute alcohol (S.G. *82) de- 
composes it into monoacetin, HOAo,and£tOAo. 
Besolved by bases into acetic acid and glycol. 

Di^propionyl derivative C 2 H 4 {OC 3 HjO),,. 
(211° oor.). S.G. 1*0544; p 1*0457. M.M. 
8*318 at 21*2° (Perlon, C. J. 45, 606). 

Mono-butyryl derivative 
CH,( 0 H). 0 EL( 0 C 4 H, 0 ). (220°). From glycol 
(1 mol.) and butyric acid (1 mol.) at 200 ° 
(Lourenpo, A. Oh. [3] 67, 267). Oil. 

Di-hutyryl derivative CoH 4 (OC.HjO)o. 
(240°). S.G. - 1-024. Obtained by tealing 
ethylene bromide with silver butyrate and a 
little free butyric acid for several days at 100 °, 
and fractionally distilling the product (Wurtz, 
A. Oh. [3] 55,400). Oil; sol. alcohol and ether. 

Acetyl butyryl derivative 
CH,(OAc),CH 2 (O 04 H,O). (212°). Formed by 

heating glycol chloro-acetin CH 2 (OAo).CH 2 Cl 
with silver butyrate at 110 °; or from glycol 
chloro-bntyrin and AgOAc at 150° ; in either 
case the product is digested with ether, and the 
ethereal filtrate is distilled (Maxwell Simpson, 
Pr. 10, 116). Formed also by heating glycolic ’ 
mono-acetin with butyryl chloride, or glycolic 
mono-butyrin with AcCl (Louren<?o). Heavy 
oil ; sol. fldcohol. It is but slowly decomposed 
by aqueous KOH even at 100°. 

Acetyl-valeryl derivative 
OH,(OAo).CH 2 (OC 3 H, 0 ). (230°). From glycol 
mono-acetin and valeric acid (Louren^o, A. 114, 
122 ). Neutral oil, sol. alcohol and ether, 

Mono-valeryl derivative 
CH,( 0 H).CH,( 0 C 3 H, 9 ). (240°) (Lourenqo, A. 

Ch. [3] 67, 268). 

Di’Valeryl derivative C 2 H,( 0 C 3 H, 0 ),. 
(266°). 

t Stearyl' derivative i.e. 

0 ^ 4 ( 00 ,^ 30 ) 1 . [76°], From silver stearate 
and ethylene bromide, the product being ex- 
tracted with ether (Wurtz, A. Ch. [3] 65, 436). 
Small shining scales, resembling stearin. 

Di-beneoyl derivative GigHj^Of i.e. 

02 H 4 ( 0 Bz)|. C67°3. (above 860°). Formed by 
heatup silver benzoate (68 g.) with ethylene 
bromic (29 g.) for several days at 100 °, extract- 
ing the product with ether, treating extract with 
•LUrnd lime and rectifying (W.). Trimetricprisms. 

Suecinoxyl derivative CgH^Oj ».c. 

CH 2 (OH).CHyO.OO.CHyCH,.CO,H (?) [belowfl 
100 °]. Forme^y heating glycol (1 mol.) with 
succinic acid (1 mol.) at 1^5° for 10 hours 
(Lourenqo, B4p. Ohm. pure, 1860, 179; A. 115, 
crystals; sol. water and alcohol, 
c , 

rivative j,.e. 

[below 90°]. (212°) 

, 207). Obtained by heat- 
nearly 800°. Small crys- 
insol. water and ether, m. 


M ono- ethyl ether C^^S^.^i.e. 
CH 2 (OH).OHj(OEt). (184°) at 722 mm. S.G. 
12 *926 (Demole, B. 9,746). From mono-sodium 
glycol CH 2 (OH).CH 2 (ONa) and EtI (Wurtz, A. 
108, 84). 

Dimethyl ether 0 .^ 40 . i.6. OjH 4 (OEt)j. 
(123*6°). S.G. 2 1*799. V.D. 4*10 (calc. 4*09). 
From the preceding compound by successive 
treatment with potassium and EtI (W.). 
Colourless oil with ethereal odour. Isomeric 
with acetal. 

Ethyl-phenyl ether C 2 H 4 (OPh)(OEt). 
(230°). S.G. 2 1-037(8.); 1*018 (H.). Formed 

by the action of alcoholic EOEt on phenyl bromo- 
Bthyi oxide PR.O.CH^Br (Saban 6 eff, Bl. [2] 41, 
253), or on plicnyl chloro-ethyl oxide (Henry. 
C. B. 96, 1233). 4 , • 

Ethylidene ether OJlJ).ji.e. 

S. 0 . 21000 . V.D. 

3*19 (calc. 3-05). Obtained by heating aldehyde 
with glycol for a week at 100° (Wurtz). Liquid; 

: dissolves in 1 ^ vols. water, but separated from 
I the solution by CaClj and by KOH. Not attacked 
i by KOH. HNO 3 forms oxalic and gly collie 
I acids. PClj gives aldehyde and Brom- 

1 ine gives liquid C 4 H,Br 02 (c. 150°), whence dilute 
HjSO, liberates glycol bromhydrin. 
Propylidene ether i.e. 

<^g2;Q>CHEt. (106°). V.D. 3*46. S.G. * 

*98. Obtained by heating propionic aldehyde 
(1 mol.) with glycol (2 mols.) at 100 ° in a sealed 
tube ; the yield being 75 p.c. (Lochert, A. Oh. 
[ 6 ] 16, 30). Colourless limpid liquid ; smelling 
like propionic aldehyde. Dissolves in 6 vols. 
water; miscible with alcohol and etWor. KOH 
and GaCl, separate it from its aqueous solution. 
Completely saponified by heating with water at 
130°, or by treatment with cone. HClAq. Does 
not reduce ammoniacal AgNO,. Bromine gives 
a liquid bromo- derivative. 

Isobutylidene cf/tcr C,H, 20 ,t.e. 

<^^^Q>CHPr. (125°). V.D. 4*13 (calc. 

4*02). S.G. 2 -904. Obtained by heating iso- 
butyric aldehyde (1 mol.) with glycol (2 mols.) at 
100°; the yield being 70 p.o.(L.). Liquid ; dis- 
solves in 6 times its volume of water, miscible 
with alcohol and ether. Saponified by ^'ater at 
130°, by cone. HClAq, and by dilute H^SO,. 
Does not reduce ammoniacal AgNO,. Bromine 
gives a bromo- derivative C,H,,BrOj(o. 190°), in- 
sol. wpter, sol. alcohol and ether. 
Isoamylidene ether Gj'Q.x fit i.e. 

, (148°). S.G. t . 944 . 

Prepared like the preceding, using isovaleric 
aldehyde (L,). Liquid, v. si. sol. water, v. sol. 
alcohol and ether. Saponified by water at 180°. 
Does not reduce ammoniacal AgNO,. Bromine 
gives a bromo- derivative 0,H„BrO. (94° 
at 10 mm.) which is insol. water, sol. alcohol 
and ether, and when saponified by dilute H|S^ 
gives bromo- valeric aldehyde. Alcoholic EOn 
attacks the bromo-dexivative, removing HBr and 

forming ^^“*Q]>OH.OH:CMeg and a small 
quantity of <9^^CIH.OH(OH).OHM«p 
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Hiptylidene ether <q^“*q>CH.C,H, 3. 

(ISO®). Formed by heating glycol (3 vols.) with 
osnanthol (1 vol.) at 130® ; or from glycol (2 vols.), 
cenanthol (1 vol.), and a trace of HOAc at 180® : 

A. OA. [6] 16, 36). Limpid liquid, smelling like 
oenanth^ ; v. si. sol. water, v. sol. alcohol and 
ether. Completely saponified by water at 130®, 
or by oono. HClAq. Gaseous HCl does not act 
^^1 ® cold, but at 100® it forms glycol 

cluorhydrin and cenanthol, and its polymerides. 
PClj gives ethylene chloride and cAianthol. 
Bromme gives a liquid mono-bromo- derivative. 

Glycol chlorhydrin O./ijClO, U. 
CH2(0H).CH2C1. (130°). Is described as Chloro- 

ETHYIi ALCOHOL On p. 61. * * 

Glycol chloro-aoetin v. Acetyl derivative 
of ChLORO-ETHYL ALCOHOL, p. 61. 

Glycol bromhydrin C^H.BrOj i.c. 
CH2(OH).OHjBr. Br&nio-ethyl alcoJml. (147°) 
(H.); (166®) (L.). S.G. s 1-66 (H.). Formed, 
together with di-ethylenio glycol, by heating 
glycol _ (1 pt.) with ethylene bromide (1 pt.) at 
120® in a sealed flask (Louren(?o, Bl» 1, 77). 
Formed also by treating glycol with HBr at 100® 
(Henry, A, Gh. [4] 27, 250), and from glycol 
(3 mols.) and PBr^ (1 mol.) (Demole,»H. 9, 48). 
Liquid. 

Nitrate CH2(ONOj).CHjBr. (165®). S.G. 

1*736. From the bromhydrin, HNO,, and 
HjSO^ (Henry, A. Gh. [4] 27, 268). 

Acetyl derivative CH2(OAc).CH2Br.* 
Glycol hromo-acetin. (162°). From glycol 
mono«acetin and HBr at 100® (Demole, A. 173, 
121). Ljquid, si. sol. water. Oono. NaOHAq 
decomposes it, liberating ethylene oxide. 

Bromo-acetyl derivative 
CH.2Br.CO.O.CH2.CH2Br, (230®~240®). From 
glycol oWorhydrin and bromine, the other pro- 
ducts being ethylene chloro-bromide, brorao-, 
and di-bromo-aoetio acids, and ethylene brom* 
ide ^Demole, B. 9, 657). Slightly decomposed 
on distillation. 

Glycol iodhydrin C2H3lOi.e.CH2(OH).CH2l. 
lodo-ethyl alcohol. Obtained in impure con- 
dition from glycol and HI in the cold; but if the 
temperature is allowed to rise only ethylene 
iodide results (Maxwell Simpson, Pr. 10, 119). 
More Easily prepared by heating the chlorhydrin 
with excess of powdered El at 100® for 24 hours 
(Butlerow a. Ossokin, A. 144, 42; 146, 257). 
Kon-volatile liquid, m. sol. water, separated from 
its aqueous solution by EjOO,. ZnMoj followed 
by water gives isopropyl alcohol. Zif^t,, fol- 
lowed by water gives sec -butyl alcohol. 

Acetyl derivative GH2(OAo).OH,I. Gly- 
coUo iodo-acetin. From glycol mono-aoetin and 
HI; or from glycol, HOAo, and HI (Maxwell 
Simpson, A. 113, 123 ; Pr. 10, 17C). Oil, which 
crystallises in tables at a low temperature. KOH 
gives ethylene oxide. 

Glycol oyanhydrin CjH4(OH)ON. Eydracrylo- 
nitrile, (o. 220®). S.G. “ l*()o88. S. (ether^ 
2*3 at 15®. From ethylene oxide and Huy (Er- 
lenmeyer, A. 191, 273). Miscible with water and 
with alcohol, insol. CS^ HOI (S.G. 1*10) or 
aqueous NaOH give, on boiling, hydraorylio and 
acrylic acids. 

Dl-ethylenio glycol 0,H,oO, i.e. 
HO.O,H4.0.0JH4.0H. (246®~260°). S.G. 2 1*132. 


V.D. 3*78 (calc. 8*67). When an excess of ethyl- 
ene oxide is heated with water in sealed tubes 
there is formed glycol, di-ethylenio glycol, and 
a small quantity of tri-ethylenio glycol (Wurtz, 
A. Gh. [8] 69, 330). By heating oxide of ethylene 
(1 pt.) with glycol (1 pt.) there are formed di- 
And tri- ethylenio glycols. By heating glycol 
with ethylene bromide at 116® in sealed tubes 
glycol bromhydrin, diethylenic glycol, other 
polyethylenio glycols, and water are produced ; 
if the temperature of the mixture is allowed to 
rise above 130° the liquid turns brown and yields 
the bromhydrins of the various polyethylenio 
glycols (Lourenco, G. B. 61, 365). By using 
glycolic chlorhydrin instead of the bromhydrin 
the polyathyloiic chlorhydrins may be obtained. 
Diethylenic glycol may also be obtained from its 
diacetate by treatment with an alkali. Obtained 
also by treating glycol mono-aoetin with sodium- 
glycol (Mohs, i;. 1866, 496). Sweetish syrup; 
sol. water, alcohol, and ether. Nitric acid (S.G. 
1*42) oxidises it to ‘ diglycollio acid ’ 
C02H.CBLj.O.CH2.C02H,glycollic acid, and oxalic 
acid. Cone. HlAq gives ethylene iodide. 

Mono-formyl derivative 
CH2(0H).CH2.0.CH2.9H2(0CH0). (o. 220°). 

From the chlorhydrin and nitro-methane by 
heating for 10 hours at 200® (Pfungst, J, pr. [2] 

34, 37). 6 » A' L j 

Di-acety I derivative 
CH2(OAc).OH2.0.CH,,.CH2(OAo). (245®-261°). 

Formed, together with 02H4(0 Ac)j and the di- 
acetyl derivatives of other polyethylenio glycols, 
by heating ethylene oxide with glacial HOAo or 
with AOjO at 100®, and fractionally distilling the 
product. Formed also from glycol diaoetin and 
ethylene oxide (Wurtz, C. R. 60, 1196; A. 116„ 
249). 

Chlorhydrin 04H9C102 i.e. 
CH2f0H).CH2.0.CH2.CH2Cl. (180°-186°), From 
ethylene oxide and glycolic chlorhydrin at 140° 
(Wurtz, A. Gh. [8] 69,338). Also from ethylene 
oxide and gaseous HCl; and from glycol and 
glycol chlorhydrin at 14(JP (Lourenco, A. Oh, [3] 
67, 290). 

Bronx hydrin C,H5Br0a i.e. 
H0.02H4.0.C2H,Br. (205°). Frt)m glycol and 
02H4Br2 at 160° (L.). 

Tri-ethylenic glycol OeH^O, i.e, 
CH2(OH).CH,.O.CH2.0H2.0.0H2.CH2(OH). (0. 

290°). S.G. 1*138. Formed by heating glycol 
with ethylene oxide (v. supra). Thick liquid, 
miscible with water and albobol, si. sol. ether. ’ 
Oxidised by nitric acid to ' diglyoolethylenic ’ 
acid (00 jH. 0H2.0)2C^H4 ; a syrupy acid which 
crystallises with difllculty and forms crystalline 
salts : KHA".-CaA" 3aq.— AgjA". 

Di-acetyl derivative 02(0,H4),(OAo),. 
(290®-800®). From ethylene oxide (2 mols.) and 
glycol diacetin.^ Liquid, miBWble witti water, 
alcohol, and ether. 

Chlorhydrin 0gH„010a. f223®->282®). 

From ethylene oxide (2 mols.) iM glyooHo 
chlorhydrin (1 idol.). Liquid, scl^jj^r. 

* Broffihydrtn (ml). Slightly 

decomposed on distillation. 

Tetra-ethylenic glycol 
(CH,(0m.CH,.p.02H4) A , <8(«?) 
mm.). Formed as above fWjiliigrU 

ene bromide. ^ I- - ~ 
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Diaeetyl derivative 0,H,«Ao,0»* (above 
820°). From ethylene oxide (3 mols.) end rIycoI 
diacetin (1 mol.). 

Chlorhydrin 0 ,H„C 104 . (262°-272°). 

Liquid, sol. water. 

Penta-ethylenio glycol O.oHjjO, U 
(CHj( 0 H).CH 2 . 0 .C.^ 4 . 0 ) 202 H 4 . (281° at 25 mm.). 
Liquid, sol. water, alcohol, ant? ether. 

Hexa-ethylenio glycol 0 , 2 H 2 . 0 , i.e, 
( 0 Hj(OH).CH 2 .O.C,H 4 .O. 0 ,H 4 ) 2 O. (325° at 25 
mm.). Viscid liquid (L.), 

OLYCOLAMIC ACIS v. Glycollamic acid. 

DI-OLYCOl-ErHYLENIC ACID v. Tn-eihijl. 

enic GLYCOL. 

OLYCOLIGNOSE v. Cellulosb. 

OLYCOLINE C«H,„N 2 . (166°)r S.Q. W I-OOS. 
A base formed by distilling glycerin (6 pts.) with 
ammonium chloride in a current of NH, (Etard, 
C. B. 92, 460, 795). Liquid, smelling like pyri- 
dine. Miscible with water, alcohol, and ether. i 
With EtI it forms a compound O^HjaNjEtlcrys- ' 
tallising in lemon-yellow needles.— CjHjjNjHCl ; 
needles, v. e. sol. water and alcohol. 

GLYCOLLAMIC ACID NHj.CHj.COjH v. 

Olycocoll. 

Diglycollamlo sold 04 H;N 04 ».«. 
NH(CHj.C 02 H) 2 . Imido-di-acetic acid. S. 2*43 
at 6 °. When chloro-acetic acid is boiled with 
oonc. NHjAq for 12 hours there is formed a mix- 
ture^ of glyoocoll, diglycollamio acid, triglycol- 
lamio acid, and a little glycollio acid. The solu- 
tion, after being freed from most of the NH,C1 
by ppn. with alcohol is boiled with Pb(OH)j. The 
pp. thus obtained contains lead triglycollaraate 
(whence the acid may be liberated by HjS), and 
the solution, freed from lead by HjS, is boiled 
with ppd. ZnCOj, when insoluble zino diglycol- 
lamate is formed, zinc glycocoU remaining in 
solution (Heintz, A. 122 , 257 ; 124, 297 ; 136, 
213 ; 146, 49 ; 166, 64). Trimetrio prisms, insol. 
alcohol and ether; m. sol. water, forming an 
acid solution. Forms a nitrosamine with nitrous 
acid. 

Salts.— -NH^HA"!: prisms, v. e. sol, water, 
insol. alcohol. — ^BaHjA" 2 ; amorphous, v. sol. 
water. — OuA" 2aq ; small blue prisms, si. soL 
boiling wateri—PbA": slender needles.— Zn A" : 
n^ute tables, nearly insol. water.— Ag,, A"; 
crystalline pp., insol. water.— AR jA^HNO, 4aq : 
prisms, insol. alcohol. -HjA^HCl ; tables, v. e. 
sol. water, m. sol. alcohol.— HjA^HNO,. — 

: small prisms. Decomposed by 
water into P 4 SC 4 and H 2 A".-H 2 A"H 2 S 04 ; 
formed by boiling the preceding with alcohol. 

Amide C*H,N ,02 i.e, NH(CH 2 .CO.NH 2 ) 2 . 
Prepared, together with the amide of triglycol- 
lamic acid, by heating chloro-acetic ether with 
ammonia at 60° to 70°, evaporating, washing 
with ether, dissolving in water, and ppg. the 
mixed hydrocWjrides with alcohol. The amides 
are liberated by Ag,0, and mfiy be separated by 
alcohol, which dissolves only the amide of di- 
glycoUamio acid (Heintz, Z. [ 2 ] 6 , 161). Tri- 
metric tables (from water) ; sol. water, si. sol. 
<hot, nearly insol. cold, alooh^. Its aqueous so- 
lution is alkaline.’i-B'HCl ; prisms (from wafer), 
si. sol. alcohoL—B'gHiPtCl,; six-sided tables 
(from water), insol. alcohol.— B'HAuCl^ ; thin 
six-sided tables (from water) or long needles 
(from alcohol). 

An.ilide NH(CH,.CO.NHPh), [141°]. 


Formed by digesting the ohloro-acetyl derivative 
of aniline with alcoholic ammonia at 100 °, eva- 
porating, and crystallising from water (P. J. 
Meyer, B. 8, 1164). Needles ; m. sol. hot water, 
V. sol. ether and alcohol, si. sol. cold water. 
When boiled with aqueous NaOH it gives off 
aniline. Its nitrate crystallises in needles 
[172°]. Tommasi {Bl. [2] 22 , 3 ) by the action 
of alcoholic NHg on the ohloro-acetyl derivative 
of aniline at 60° obtained an amorphous com- 
pound OgHuNOj 

p-Tolmde NH(CH 2 .C 0 .NH 0 ,H,) 2 . [160°]. 
From the chloro-aoetyl derivative of toluidine 
and alcoholic NH, at 100° (Meyer, B. 8, 1165). 
Eosettes of long silky needles (from dilute alco- 
hol) ; si. sol. boiling water, m. sol. cold alcohol, 
V. sol. ether. • 

UreXde NH(CH 2 .CO.NH.CO.NH,.) 2 . [195°- 
200°]. From bromo-acetyl-urea and dry or al- 
coholic NH 3 at 80°-100° (Mulder, B. 6 , 1011). 
Slender needles ; si. sol. cold, m. sol. warm, 
water. V. sol. dilute HOlAq and reppd. by NH,. 
— B'HCl: crystals. — B' 2 H.;PtCl„ : needles or 
prisms 

Nitrosamine N 0 .N(CH,,.C 02 H) 2 . [above 
100°]. Small pale yellow tables, m. sol. water, 
alcoliol, and ether.— CaA" aq : more sol. cold 
than hov water, nearly insol. alcohol.— BaA'' r^aq : 
crystalline crusts.— Ag 2 A" : sparingly soluble 
prisms (Heintz, A. 138, 301). 

Triglycollamic acid CJIbNOb i.e. 
N(CH 2 .C 02 H) 3 . S.’134at5°. Formed by boiling 
chloro-acetic acid with NHg (v. supra)^ or digly- 
collamio acid with chloro-acetic acid (Heintz, 
A. 122 , 239 ; 136, 221 ; Liiddecke, A. 147, 272 ; 
Ziegler, Z. [ 2 ] 6 , 669). Small prisms. Does 
not combine with acids. Fuming HCl at 200° 
splits it up into diglycollamio and glycollio 
acids. Nitrous gas does not act on it. Zino 
and dilute HjSO^ reduce it to ethyl-diglycolla- 
mio acid. 

S a 1 ks.— (NH,) 2 HA'"aq : needles.— KjHA^'aq: 
needles, v. sol. water.— BaHA"' aq : prisms, si. 
sol. water. — BagA^ 4aq ; laminin, insol. water. — 
PbHA"2aq : prisms. S. 3-3.— Pb,A'"j : laminro. 
— AgjA'" : crystalline pp. 

Ethyl ether Et.A^ (280°-290°). From 
the silver salt and EtI (Heintz, A. 140, 264). 
Liquid, more sol. cold than hot water. 

Amide N(CH 2 .C 0 .NH 2 ),. From the pre- 
ceding ether and NH,. Also from chloro-acetic 
ether and NH,. Rectangular tables (from alco- 
hol) ; V. sol. hot water, si. sol. alcohol. Neutral 
to litmus. — B'HCl : trimetric prisms (from water). 
— B'jIIjPtCl,; tables or laminae, insol. alcohol 
and ether.— B'HAuCl*. 

GLYCOLLIO ACID i-e. B.O.CE^.OOM. 
Oxyacetic acid. Mol. 76. [79°]. 

Occurrence.— In the grease of sheep’s wool 
as the potas^mm salt ; separated therefrom by 
forming the lead salt, decomposing this with 
HjSO,, and extracting with ether (Buisine, C.B. 
107, 789), Occurs also in the juice of unripe 
grapes and in the leaves of the wild vine {Ampe- 
lopeis hederacea) (Erlenmeyer, Z. 1866, 639: 
Oorup-Besanez, A. 161, 229). 

Formation,—!. From hippurio acid either by 
treatment with nitrons acid and decomposition 
of the resulting benzoyl-glycollic acid by boiling 
dilute H^SO,, or by treatment with dilute H-SO, 
and decomposition of the resulting glycoooU by 
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nitroufl ftoid (Soooloff a. Streoker, A. 80, 18).— 

2. Tartronio acid C0jH.CH(0H).C0jHi8 heated 
to 180° ; the residue, consisting of nearly pure 
glycollide, is dissolved in aqueons £OH, sUrer ni> 
trate is then added, and the ppd. silver glycol* 
late decomposed by HOl(D0S3aignes,G. 22.38,44). 

8. From glyoxal by the action of alkalis (Debns) 
and even of water. Thus, when glyoxal is heated 
with water at 160°, one-third of it is converted 
into glycollic acid (De Fororand, 0. B. 98, 296).— 
4. By boiling silver bromo-acetate with water. 
By boiling iodo-aoetic acid with moist AgjO, or 
lead iodo-acetate with water (Perkin* a.* Dappa, 
P. Af. [4] 18, 64). In like manner by boiling 
chloro-acetio acid with caustic alkalis or by heat- 
ing crystallised chloro-acetate of potassium or 
sodium (Kekul6, A. 106, 28J3h By boiling chloro- 
aoetonitrile with lime-water ^eckurts a. Otto, B. 

9, 1691).— 6. By allowing a solution of glycol 
(1 vol.) in nitric acid (4 vols. of S.G. 1*33) to 
stand for some days (Wurtz, C. B. 44, 130G).— 
6. Together with other products from propylene 
glycol by oxidation with HNO„ or with air and 
platinum black (Wurtz, C. B. 46, 306).»“7. By 
placing in a tall cylinder layers of alcohol, water, 
and cone, nitric acid one above another, and 
leaving the liquids to mix by diffusion, which 
they do in about a week (Debus, A* 100, 1). 
Glyo\iil, glyoxylic acid, oxalic acid, aldehyde, 
and acetic acid are formed at the same time. — 
8. Found in the mother-liquor in the prepara- 
tion of mercuric fulminate (Cloez, 0. 22. 34, 364 ; 
Fahlberg, J. pr. [2] 7, 331).— 9. By the action of < 
zinc and dilute HjSO, on oxalic acid (Schulze, 
j?. 1862, 616, 682 ; Church. 0,J. 16, 301).— 10. By 
boiling an aqueous solution of oxalic acid for eight 
days with* zinc (Crommydis, Bl. [2] 27, 3 ; De 
Forcrand, Bl [2] 39, 310).-11. By the action of 
nitric acid on acrolein (Claus, A. Su^l 2, 119). 
12. When tartaric acid is warmed with cone. 
HjSO, at 46° it gives off CO, CO„ and SOj, and 
the residue contains glycollic and pyr^ic acids 
as well as tartaric and raceme acids. The acids 
are separated by crystallisation, first of their 
barium, and then of their calcium, salts (Bou- 
chardat, C. 22. 89, 99).— 13. From acetylene 
tetrachloride and alcoholic KOH at 100° (Ber- 
thelot, Z. 1869, 683).— 14. From di-chloro-vinyl 
ethyl oxide and water at 130° (Geuther a. Brock- 
hoff, J^. [2] 7, 114).— 16. Occurs among the 
products of the action of HNO, on glycerin — 
16. Together with gluconic and formic acids, by 
the action of red HgO and baryta-water on gly- 
oerin (Herzfeld, A, 246, 27). Also from glycerin 
and AgjO (Kiliani, B, 16, 2416).- 17. By heating 
cupric acetate (2 pts.) with water (6 pts.) at 2(JD°, 
cuprous oxide being ppd. (Cazeneuve, C. 22. 89, 
626).— 18. By oxidising inulin with HNO, (Kiliani, 

A. 205, 168).— 18. From glucose or levulose byi 

oxidation with Ag,0. « 

Preparation— 1. A solution oi 10 grms. of 
commercial glycerin (86 p.o.) and 6 grms. of 
Ca(OH), in 200 c.c. of water is heated on a water- 
bath with precipitated Ag.O (prepared from 60 
grms. of AgNO,) for four hours. The liquid is 
then filtered, saturated with CO„ boiled, again fil* 
tered, and evaporated till the calcium glycollato 
crystallises out ; the yield is 4*6 sprms. (Kiliani, 

B. 16, 2414).— 2 . Crude sugar (1 pt.) isheated with 
2 p.c sulphuric add (20 pts.), we sulphuric add 
removed by barium carbonate, and to the filtrate 
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are added calcium carbonate (2 pts.) and silver 
oxide (1^ pts.). The mixture is heated to 80° 
until gas ceases to be evolved ; it is then filtered 
and evaporated, when calcium glyoollate separates 
out (Kiliani, A. 206, 191).— 3. A few grammes of 
strong alcohol are gently heated in a capacious 
vessel, with a small quantity of nitric acid, till 
the vessel becopaes filled with red fumes of 
nitrons acid ; and when the action has been thus 
set up, about 600 grms. dilute alcohol of 20 per 
cent., and 440 grms. nitric acid of specific gravity 
1’34 are poured in. The reaction, which must 
be moderated by immersing the vessel in water 
at 20°0., is complete in about 12 hours. The 
liquid is evaporated in small portions over a 
water-bath, naptralised with lime and the mix- 
ture of glyoollate of calcium, glyoxal, and gly- 
oxylate of calcium boiled for several hours with 
milk of lime, whereby both the glyoxal and the 
glyoxylic acid are converted into glycollic acid. 
The hftt filtrate freed from excess of lime by car- 
bonic acid yields tolerably pure glyoollate of 
calcium ; and by decomposing this salt with 
oxalic acid, neutralising the filtrate with car- 
bonate of lead, and evaporating, the neutral 
glycollate of lead is obtained in well-developed 
crystals. The hot aqueous solution of this salt, 
decomposed by an equivalent quantity of dilute 
sulphuric acid, yields a solution of glycollic acid, 
which may be crystallised by evaporation to a 
syrup at 60° or 70°C., afterwards in vacuo over 
oil of vitriol, and purified by recrystallisation 
from anhydrous ether (Lautemann, Kolhe's Org. 
Chem.\ Drechsel, A. 127, 150).— 4. By boiling 
chloro-acetio acid with water or with water and 
calcium carbonate (Fittig, B, 9, 1198 ; Thomson, 
A. 200, 76 ; Holzer, B. 16, 2966). 

Properties, — Needles (from water) or plates 
(from ether). When not quite pure it is de- 
liquescent. V. sol. alcohol and ether. Scarcely 
extracted by ether from its aqueous solution. 
Very slightly volatile with steam. When strongly 
heated it gives off pungent fumes and forms gly- 
collide and formic paraldehyde (Krupsky, Z. [2] 
6, 177). Cone. HNOj oxidises it to oxalic 
acid. According to Claus (A. 146, 286) it 
may be reduced to acetic acid^ by zinc and 
HjSO,. Cone. HBrAq at 100° slowly dbn- 
verts it into bromo-acetio acid (Kekul6, A. 130, 
11). Glycollic acid yields methane (2 vols.) 
and hydrogen (1 vol.) when distilled with excess 
of quicklime (Hanriot, Bl [2] 45, 80 ; (7.22. 101, 
1166). With chloralide at i25J it slowly forms 
CHa.O 

'>0H.C01, [41°], which forms small 

0.0 

crystals, sol. alcohol, ether, and chloroform 
(Wallaoh, A. 193, 36). 

Salts.— NHjHAV- slender needles; v. soL 
water and hot alcohol.— NaA'a^u small crystals 
(from water).— NaA' iaq (from^luto alcohol).— 
NaHA'g : silky needles. — Na 302 H, 0 , 2 aq : small 
deliquescent needles (De Forcrand, Bl [2] 40, 
104).— TIA': loim pointed needles. — KA'Jaq: 
silky needles.— C^A'^Saq (Lubavin, J, 22. 14, 
257).— CaA'j6aq.— CaA'j4aq fittig, /. pr. [2] 10, 
27y.— CaA'jSaq (Debus ; Bdtt(pger, A. 198,228). 
— C^^l^aq: stellate groups of asbestos-like 
needles; si. sol. cold water.— ClAV Obtained 
by evaporating a solution at 100° (Fahlberg; 
darius, /. pr* [2] 9, 308). Oroste of small 
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orystalB. S. 1^2 at 10^ (Debus, A. 166, 117) ; 6 8 
at 100® (Fahlberg).—CaA'2CaCljCa(i: ^separates 
from a highly concentrated solution containing 
the two salts in large ootahedra, permanent Over 
sulphuric acid in the exsiccator (Jazukovitch, 
Z. 1864, 62). — CaA'2GaCl,2aq (Ddttinger). A 
double calcium salt of glycollic and glyoxy lie acids 
CaC,HrtO,(Ca04H,O,),2aq crystallises from the 
product of the oxidation of alcohol.— SrA'j6aq : 
minute slender needles, nearly insol. alcohol 
(Scheiber, J. pr. [2] 13, 436). S. 3-3 at 19°.— 
BaA'^: monoclinic prisms. S. 13 at 17°. — 
MgA',2aq: extremely thin minute needles. S.8 
at 18° (Scheiber). V. sol. boiling water.— 
ZnA'22aq : tufts of needles or prisms. S. 3 at 
17°. Beadily forms supersati^ated solutions 
(Schulze).— PbA', : monoclinio crystals resem- 
bling g^sum. S. 8 at 16°.— PbA'jPbO : from 
the calcium salt and lead subacetate. Crystalline. 
S. *01.— PbA'jPbClj. Formed by adding lead 
chloride to the ammonium salt (Engel^BZ. [2] 
44, 424). — CuA'j : blue crystals. S. *7 in the 
cold.— HgA'jHgOIj : prisms, si. sol. cold water. 
Formed by boiling chloro-acetic acid with HgO. 
— AgA': spangles, si. sol. cold water; decom- 
posed by boiling water. Insol. alcohol (Kekul6). 
— AgA'aq : large crystals (Dessaignes).— AgA'^aq ; 
monoclinic laminas (Naumann, A. 129, 278). 

Acetyl derivative AcO.CIL.CO2H. From 
glycollic acid and AcjO at 160° (Sen4 A. 208, 
277). Small prisms, v. e. sol. water, v. si. sol. 
alcohol. Decomposed by alkalis into acetic 
and glycollic acids.— CaA'j 2aq : from acetyl-^ 
glycollic ether by boiling with lime (Heintz, A. 
123, 326). 

Benzoyl derivative BzO.CH2.CO2H. 
Formed by the action of nitrous acid on hippuric 
acid (Strecker, A, 68, 64 ; Strecker a.SooololT, A. 
80, 18). It may also be prepared by slowly 
passing chlorine into a solution of hippuric acid 
in moderately dilute KOH, neutralising with HCl, | 
evaporating and extracting with ether (Gossraan, j 
A. 90, 181 ; Strecker, A, 91, 369). Prisms (from 
alcohol) or laminae. ^I. sol. cold, m. sol. hot, water ; 
V. sol. alcohol and ether. Melts under water. 
Gives off benzoic acid when heated strongly. 
Decomposedeby boiling water into benzoic and 
giyooUio acids ; this hydrolysis is accelerated by 
^e presence of mineral acids. Sodium-amalgam 
forms * benzoleic ’ acid C,H„Oo and an acid 
OiaHjiO,, which has an odour of excrement, is 
insol. water and ether, but v. sol. alcohol, and 
forms gummv BaCig^O^ (Otto, A. 146, 360). 
Salts.— Ns(^,0*3aq. — OaA'22aq. — CaA'jSq; 
slender needles. 8. 2*36 at 11°; 18*3 at 100°. 
Beadily forms supersatifirated solutions. Forms 
a double salt with CaCl,.— BaA^, 2aq ; deli- 
cate silky needles.— PbA'j.--(Pb A'jIaPbOOaq.— 
(FeA',),(Fe20a)t81aq: voluminous flesh-coloured 
pp.— ZnA', 4aa,^AiA', 

m-Chlo^benMoyl privative 
OfifilCO.O.CHyOOJI. Jrom w-chloro-hip- 
pnric acid and nitrons acid (Otto, A. 122, 164). 
Waxy crystalline mass, sL soL water. 

Methyl ether HO.Ca^O^e, (161°i.V.{. 

‘ S.G. D 1-1868 (Schreiner, J9. 12. 179 ; A, 197, 1). 

mhyl ether HO.OHrCO,Bt (160° i.V.). 
S.G. f 1-1078 \8ohremer). Formed by treating 
cbloro-acetio ether with rather more than an 
equivalent quantity of sodium glycoUate (or of 
f^imn acetate in presence of alcohol) at 140° 


(Heintz, P. 114, 440; A. 128, 826; Schreiner, 
A. 197. 6). Prepared by heating glyoollide witli 
alcohol in sealed tubes at 200° (Norton a. Tsoher- 
niak, C. IZ. 87, 30). Liquid, which dissolves in 
water forming a neutral solution from which it 
may be separated by K^CO,. Boiling alkalis 
decompose it into alcohol and glyooUio acid. 
With aqueous NH, it forms the amide {v. infra). 
It combines with CaCl2. With POlj it resets 
the cold forming chloro-acetic ether (Henry, B.‘ 
3, 706) ; excess of PCI5 at 160° gives ohloro- 
acetyl chloride. A mixture of HNO, and H^SO* 
forms N02.0.CH2.C02Et (181'^). S.G. 1-211 
(Henry, A. Ch. [4] 28, 424). Cyanic acid forms 
the allophanyl derivative [144°] of which the 
corresponding acid melts at 192° (Traube, C. C. 
1888, 1435). 

Acetyl deri&ative of the ethyl ether 
AoO.CH2.C02Et. (179°;. S.G. ^ 1 009. Pre- 
pared by heating chloro-acetic ether with dry 
NaOAo at 170°. Formed also by the action of 
alooholio KOAc on bromo-acetio ether (Gal, A. 
142, 370). Formed also by passing chlorine into 
a cooled alkaline solution of aceturio ether (Cur- 
tins, B. 17, 1673). Liquid, si. sol. water. NH, 
converts it into acetamide and the amide of gly- 
oollio acid. Solid KOH saponifies it. HBr forms 
ethyl b-omide, HOAo, and bromo-aoetio acid. 
HI, even in the cold, forms EtI, acetic ether, and 
HOAo. 

Propionylderivativeofthe ethylether 
C2H,O.O.CH2.CO.^t. (200°). S.G. sa 1.0O6. 
From chloro-acetic ether and sodium propionate 
at 176° (Senff, A. 208, 274). Colourless, strongly 
refracting, liquid, v. si. sol. cold water. 

Butyryl derivative of the ethylether 
C,H,0.0.CH2.002Et. (206°). S.G.' ^ 1-029. 
From bromo-aoetic ether by heating with potas- 
sium butyrate (Gal, Bl. [2] 7, 329). 

Isobutyryl derivative of the ethyl 
ether Pr.CO.O.CH.^.CO ,Et. (197°). S.G. 23 
1-024 (S'enff, A. 208, 271). 

Carbonyl do ivative of the ethylether 
CgHijO, i.e. CO(OCH5.COjEt)a. Carbo-diglycolUe 
ether. (280°). Formed, together with ethyl- 
ohloro-formate and glycollide, when gaseous car- 
bonyl chloride COClj is passed through glycollic 
ether (Heintz, A. 164, 26'^. Viscid heavy oil, v. 
sol. alcohol and ether, il^adily deconmosed by 
bases into carbonate and glycoilate. 

Carboxy-glycollio ether C,H,jO, i.e, 
CO.;St.O.CHa.CO.,Et. (0, 240°). Formed by 
heating ohloro-formio ether witn glycollic ether 
(Heirtz). Heavy oil, v. e. sol. alcohol and ether. 
o Benzoyl derivative of the ethyl ether 
C„H,a04 i.e. BzO.CH4.COaEt. (287° cor.). S.G. 
2^ 1-1609. From chloro-acetic ether and NaOBz 
at 180° (Andrejefl, A, 188, 284). Also from 
diazo-acetio ether by heating with benzoic acid 
(Ourtius]^ ’i)il. 

Propyl ether RO.CE,.COJ?t. (171° i.V.), 
S.G. g 1-0640 (Schreiner, A. 197, 1). 

Chloride HO.CH3.COOl. From glycollic 
acid and PCI, (Fahlberg, J. [2] 7, 848). Ex- 
cess of PCI, at 120° gives ohloro-acetyl cnloride. 

iw4<isH0.0H3.00NH3. [120°]. Formed by 
dissolving glyoollide in aqueous ammonia 
(Heintz, A, 128, 822). Formed also by the 
action of aqueous NH, on glycollic ether. Left 
as a residue when ammonium tartronate ii 
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heated above 150'^ (Dessaignes, C. R. 38, 47). 
Crystals (from water). V. sol. water, m. sol. 
alcohol (its Isomeride glyooooll is nearly insol. 
alcohol). Does form salts with bases. Does not 
hinder the ppn. of CujOH)^. Boiling KOHAq 
converts it into glycollic acid. Dilute HOlAq 
does the same. 

Ethylamide HO.CH,.CO.NHEt. (260®). 
From chloro-acetic ether and alcoholic ethyl- 
amine (Heintz, A. 129, 27). Syrup; miscible 
with water and alcohol, sol. ether. Decomposed 
by alkalis, even in the cold, into ethy1,amine and 
glycollic acid. ' 

Aniiidfi HO.CH,.CO.NHPh. [108®]. S. 6 
at 20° ; 100 at 100°. From glycollide and ani- 
line at 130° (Norton a. Tsoherniak, G. R. 86, 
1332). Monoclinic needles f 'v e. sol. alcohol and 
ether. * 


Di-hromo-O’toluide 

HO.CH2.CO.NH.C,H,Br,Me. [182®]. From its 
acetyl derivative AcO.CH.^.CO.NH.CjHjBrjMe 
[172°], which is got by heating the compound 
Br.CHj.CO.NH.OjH^rjMe with acetamide at 
160° (Abenius a. Widmann, J. pr. [2] ^8, 286). 
Needles (from alcohol). 

Acatyl derivative of the nitrile 
0,H,NO,i.«.AoO.OH,CN. (176°). MOO. 

From chloro-acetonitrile and alcoholic KOAo 
(Henry, C. li. 102, 768). Liquid, smelling like 
acetic acid. Has a sweetish bitter taste. M. sol. 
water. With HCl it yields chloro-acetio acid (?). 
Anhydride v. Glyoollidb. 

Methyl derivative MeO.OHj.COjH. 
(178°). S.Q. 1*180. Prepared by dissolving so- 
dium (2 atoms) in methyl alcohol and mixing 
the solution with chloro-acetio acid (1 mol.). 
Purified by means of its zinc-salt. Thick syrup, 
miscible mth water. Not decomposed by boiling 
alcoholic NaOH. Salts.— KA'4aq : large prisms 
(from water) ; permanent in the air. Eeadily forms 
super-saturated solutions. Sol. alcohcd. — NaA' : 
deliquescent.— -OaA', 2aq : gummy, but becomes 
crystalline over HjSO*.— : prisms, v. sol. 
water, nearly insol. alcohol. — PbA',: crystalline 
mass, sol. water and alcohol. — CuA'j2aq : greenish 
monoclinic prisms, sol. water and alcohol. — 
ZnA', 2aq : acute trimetrio octahodra. S. 27*4 
at 18*4®. Sol. alcohol.— AgA' ; delicate flat 
needlea (from hot water). 

Methyl derivative of the methyl ether 
MeO.OH..OO-Me. (133°) (Schreiner, B. 12, 179) ; 
(127® i.V.) (Fdlsing, B. 17, 486). S.G. g 1*0890 
(S.). Volatile with steam. 

Methyl derivative of the ethy>ether 
MeO.CH,.CO^t. (139°) (S.); (131®) (F.). 9.Q. 
g 1*0740. , 

Methyl derivative of the propyl ether 
MeO.CH,.CO^r. (147® i.V.). , 

Ethyl derivative ^O.CB[j.OOjH. 
EthyUglycollicacid. (199°) (Schreiner). Formed 
by the action of alcoholic NaOEt on chloro- 
acetio acid (Heintz, P. 109, 489 ; 111, 662). The 
resulting mixture is filtered from NaOl, evapo- 
rated, dissolved in water, and mixed with cupric 
sulphate in quantity rather more than equivalent 
to the sodium used. The mixture is evaporated 
over the water-bath, and the residue is exhausted 
with alcohol which extracts cupric ethyl-glycol- 
late. After purification by crystallisation this 
salt is decomposed by Ethyhglycollio acid 


is also formed from CHjCl.COl/and excess of 
NaOEt (Geuther a. Brookhofl, J,w. [2J 7, 101). 
Liquid. Partially decomposed on distillation with 
production of formic paraldehyde. When boiled 
tor a long time with inverted condenser it forms 
glycollic acid and ethyl-glycoUic ether. HIAq 
mves EtI and glycollic acid. Salts.— BaA'j : 
crystallises with^ difficulty ; v. sol. water and 
alcohol.— GaA'2 2aq : minute needles (from alco- 
hol-ether).— CuA'^Saq: blue prisms. S. 14*2 at 14°. 

Ethyl-derivative of the methyl ether 
EtO.CH,.CO,Me. (142M.V.) ; (148°) (F.). S.G. 
g 1*0146 (Schreiner, A. 197, 1). 

Ethyl derivative of the ethyl ether 
EtO.CH2.CO,Et. Ethyl-gly collie ether. (168°) 
(S.) ; (162°)' ^.). S.G. g *9996. Obtained as 
above ; also from chloro-acetic ether and NaOEt 
(Henry, B. 4, 706). Formed also by treating 
EtO.CH.2.COjNa with alcohol and EtI. 

Ethyl derivative of the propyl ether 
EtO.OH^-CO^Pr. (166° i.V.). S.G. g *9944. 

Ethyl derivative of the itoamyl ether 
EtO.CH,.C0.2CjH,i. (180°-190°). From sodium 
ethyl-glycoUate and isoamyl iodide in alcohol 
(0. Siemens, J. 1861, 452). 

Ethyl derivative of the chloride 
EtO.CIL.COCL (128°). S.G. 11*146. From the 
acid and PCl^ (Henry, B. 2, 276). 

Ethyl derivative of the amide 
EtO-CHa-CONKj. (226°). From EtO-CH^CO^t 
and cold NHjAq. Trimetrio prisms. Melts 
below 100®. V. e. sol. water, v. sol. alcohol and 
ether. Gives with Br and KOHAq the urea 
EtO.CH,.NH.CO.NH.CO.CHj.OEt [80®] (Hof- 
mann, B. 18, 2734). 

Ethyl derivative of the nitrile 
EtO.OH,.CN. (133°). S.G. *909. Formed by 
distilling the amide EtO.CH2.CONH, (40 g.) with 
PjOsieOg.) (Norton a. Tsoherniak, C. B. 87, 27). 
Liquid, si. sol. water, v. sol. alcohol and ether. 

Tri-chloro-ethyl derivative 
001,.C]^.0.CH2.C02H. [70°]. Formed, toge- 

ther with chloro-acetio acid, by warming tri- 
chloro-ethyl alcohol witl^ aqueous KOH (Gar- 
zarolli-Thumlackh, A. 210, 71). Small plates 
(from water). V. sol. alcohol, ether, and boiling 
y^ater.— CaA'jSaq: needles, m.*8ol. water.— 
AgA': needles. • 

Propyl derivative of the methyl 
ether 'BrO.GErCO^e. (179° i.V.). S.G. g *9850 
(Schreiner). 

Propyl derivative of the ethyl ether 
PrO.CH2.0O2Et. (185°i.V.i S.G. g *9760. 

Propyl derivative of the propyl 
ether >r0.0H2.C02Pr. (192° i.V.). S.G. g 

•9778. 

Isoamyl derivative CjHnO.CBlj.OOjH. 
(285°). S.G. 1*003. From sodium isoamylate, 
isoamyl alcohol, and chloro-acetio acid (Heintz, 
P, 109, 801). Liquid, si. soL water, miscible 
with alcohol andtf ther. — NaA'zaq : [190°-200®] ; 
thin rectangular plates (from alcohol); v. sol. 
water and alcohol, insol. ether. — KA' aq : [200°- 
210°] ; long prisms or thin plates. Pp. by adding 
ether to its alcohto solution.— HgjA',: [170^; 
white powder, v. si. sol. water, si. s(^ alcohol.—* 
CuA', : minute bluish-green prisms ; v. si. soL 
water, m. sol. alcohol.— AgA^ : slender needles 
(from water). 

Isoamyl derivative of the sfMgrl 
Olhif 0»H„O.OH,.CO,Ei (212°). From 
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isoamyl-glyooUlteOsHiiO.Ol^OOaNa and Itl in 
alooholio solution at 100^ piemens). 

Phenyl d$rivativab^0ti%6» ^ 
0JS,0.CH,.00^ Phenoxy-acetic acid. [97®}, 
(285®). S. 1. Formation. - 1. By heating NaOPh 
with ohloro-aoetio acid (Heintz, J. 1869, 3611.— 
2. By heating tri-bromo-ethylene with aloonol, 
KOH, and phenol at 170® (Sabanejeff a. Dworko-* 
witsch, A. 216, 284). Preparation.—!. Equiva- 
lents of phenol (1 part] and ohloro-aoetio aoid 
are melted together ana (300 pts. of) solution of 
NaOH (S.G. 1*3) is added. The resulting orystal- 
line mass is pressed out, dissolved in water and 
aoidified with EOl. The aoid separates as an 
oil whioh soon becomes crystalline (Giaoosa, 
J.pr. [2] 19, 396).— 2. By stirring m an iron pan 
a concentrated solution of sodic Woro-acetate 
(12 pts.) with sodic phenylate (10 pts.). As soon 
as the nrst reaction is over, the mass is heated, 
with constant stirring until it becomes pasty. 
This is dissolved in water before it is quite cold. 
The aoid is thrown down by HCl and crystallised 
from water (Pritzsohe, J.pr. [2] 20, 269). The 
yield is 90 percent. Properties.— White needles 
(from water). Taste both aoid and bitter. Anti- 
septic. Scarcely volatile with steam. Soluble 
in ether, glacial acetic aoid, benzene and CS,. 
Etherided on keeping in alcoholic solution for | 
24 hours. Reactions.—!. PeClj gives a yellow 
pp. — 2. Dilute nitric acid (S.G. 1*19) converts 
it intodi-nitro-phenol.— 8. Bromine-water forma 


/.j>r.[2129,148). Pn?parf<«i.-^YeUowish.whitc 
pyramids (not regular ootahedra). Doubly lo- 
fraoting. Beaot^.—l. Beduced alkaline 
solution by eodwm amalgam to azozy-, azo-, 
hydrazo-, and amido- phenyl-glyoollio acid suc- 
cessively. The azo- aoid Nj(0^^.O.CH,.0O2H), 
is crystalline [162®].— 2. Seduced hy iron- filings 
and acetic acid to amido-phenyl glyoollic aoid, or 

rather its anhydride [167®] * 

(Thate, J. pr. [2] 26, 266). This anhydride 
IS not affected by AOjO at 180®. When heated 
with zine-dast it yields a very small quantity of 
a base 0,E[,NO (c. 200°) (Duparo, B. 20, 1942). — 

3. Beduced by stannous chloride and HGl to the 
anhydride of ohloro- amido- phenyl -glyoxy lie 
aoid together with variable quantities of the 
anhydride of amido-J)henyl -glyoollic acid (Thate). 
Salts. — NaA'aq. — BaA'2aq. — CuA'a2iaq 
(Pritzsohe, J.pr. [2] 20, 284). 

o-Nitro -phenyl derivative of the 
ethyl ether [2:1] O.H,{N02).O.CHj.CO,Et. 
[49®]. Colourless needles, sol. alcohol, ether, 
and benzene, insol. water (Duparo, B. 20, 1942). 
Beduced by tin and HCl to a base OgHgClNOj, 
which crystallises in long needles [196®], sol. 
alcohol and alkalis, insol. ether. 

p-Nitro -phenyl derivative 
[4:l]0,H«(N0,)0.CHrC03H. [183®]. From 

sodium p-nitro-phenol, sodium chloro-acetate, 
and caustic soda, each in concentrated solution. 


0,E4Br.0.0H3.C0jH (Giacosa). — 4. Violently at- 
tacked by PClj forming PhO.COl3.CGl2 and 
CeH,C1.0.CH3.COCl (Michael, J. pr. [2] 36, 96). 
Salts. — NaA'^aq. Needles (from alcohol).— KA'. 
Scales (P.). Needles (G.).—NH, A'. Scales (P.). — 
CaA' 3|aq.— BaA'j 8aq.— CuA'j 2aq : sparingly 
soluble minute prisms.— AgA' : slender needles 
grouped concentrically. Methyl ether. — 
MeA'. (246® unoor.). S.G. 1215 1*160. Ethyl 1 
ether. -EtA'. (261®uncor.). S.G. lO 1*104. 
Amide.— CH3(OPh)CO.NH3. [102®]. From NH, 
and EtA', Nitrile.-0H3(0Ph)CN. (287°). 
S.G. IL* 1*09. FromrPjO, and the amide. 
Thio-amide. — CH^OPh^CS.NH,. [111®]. 
From the amide and alcoholic sulphide of 
ammonium, ^ilide. — OH3(OPh)CO.NHPh. 
[99®4. Formed by heating phenyl-glyoollate of ' 
aniline to 160°. 

Bromo-phenyl derivative 
C,H4Br.O.CH3.COjH. Bromo-phenyl-glycollic 
aicid. [164°]. Solidifies at 148®. Formed by 
saponi^ng its ether. Also from the phenyl 
derivative and Bf. It forms dimetric prisms, v. 
sol. alcohol, hardly soluble in water. Salts.— 
NaA'2aq.— BaA'jl^aq. Ethyl ether.— 

[69°]. Solidifies at 28®. From phenyl-glyoollio 
ether (70g.) dissolved in CS^ (140g.), cooled to 
0°, and treated gradually with bromine (66g.) j 
(Pritzsohe, J. prj^ 20, 296). ProperttM.— In- ' 
soluble in waterfciystallises from alcohol 
Ohloro^her^l derivative 
OjHjClO.OHyCOjEL [162°], Formed from 
C,H3.0.0B[3.G03H by suooessive treatment with 
PCI, and water (Michael, J.^. [2J 86, 96). 
Prisms. e ‘ 

o-Eitro-phenyl derivative 

[167°]. Preparation.- 
>-Nitrophenol (80g.), ohloraoetio acid (20g.) 
\eutralised with strong NaOH are heated at 100® 
11 hours. The yW it fair (16g.) (A, Thate, 


I Themixtureisev^orated, extracted with water, 

! ,{ind treated with HCl. The aoid is reorystallised 
I from water (F.). Pale yellow plates. May be 
reduced to very unstable p-amido-pbenyl-gly- 
coUio aoid. Salts .— N a A' 3aq.— BaA'j lOaq.— 
OnA'3 lOaq. 

o- Amido-phenyl derivative 
*N]^0,H,.O.Cl^.COjH. o-Amido-phenyl-gly- 
collie acid. This acid splits up at the moment 
of its formation into H3O and an anhydride*. 

[le?"]. Solidiao8atl44“. 

Preparation. — o-Nitrd-phenyl-glycollio aoid is 
reduced by iron filings and dilute f25 p.o.) acetic 
acid. The product is diluted, filtered, evapo- 
rated, and extracted with alcohol. The alco- 
holio extract is evaporated and the residue 
crystallised from water (A. Thate, J. pr. [2] 29, 
178). Properties.— WhiXo cubes (from dilute al- 
cohol), which nevertheless are doubly refracting. 
Sickle-shaped needles (from water), composed of 
small prisms joined in staircase fashion. Sol. 
ether, benzene, and alkalis. Can not be con- 
verted wto a ohloro- derivative by boiling with 
HCl. Boiled with alkalis the anhydride forms 
salts of amido-phenyl'glyoollio aoid. Salts.— 
KA'. Solutions of this give with BaCl, no 
np. in the cold, a white pp. on boiling; with 
Pb(OAo]„ a hqavy white pp. ; with AgNO„ a co- 
pious white pp. ; with Fe01„ a dark brown pp.; 
with OuSO,, a crystalline green pp. Acids ppt. the 
anhydride described above.— PbA^—AgA'. 

Ohloro-o-amido-phenyl derivative 
<*0,H,(NH3)OLO.OH|.00,H. Ohloro-o-amido» 
phenyUglycoVic aeii. 

y O.OH, 

[197®]. 

Preparafion.— o-Nitro-phsnyl-glyoollio aoid ii 
digested at 100® with a •olatlOQ of SnOl, and HCtt 
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Ab toon fts the liquid is filled with omtals it is 
allowed to cool, filtered, and reorystallised from 
alcohol (A. aH»te, J. jpr. [2] 29, 183). Proper- 
ties.— White silky branching needles, insol. cold 
water, si. sol. hot water, ether, and benzene, sol. 
alcohol. Ssflts. — KA^ Obtained by digesting 
the anhydride with KOH. Its solution gives with 
BaOlj, no pp. ; Pb(OAo)2, white crystalline pp. ; 
with AgNOg, white flocculent pp.; FeCl„ dark 
Wine-red colour and, after a time, fiuely-^vided 
cherry-red pp. ; CuSO^ yellowish-green pp.— I 
NaA'.— AgA'.— PbA'j. j 

Aid ehy do -phenyl derivatives, vol. L I 

p. no. • I 

p-Tolyl derivative CgH,gO, i.e. 
OH,.CgH4.0.0H2.C02H. I^om chloro- 

acetic acid, jp-cresol, and NaOHAq (Gabriel, B. 
14, 923 ; Napolitano, O. 13,* '^). Transparent 
prisms. — NaA' ^aq : thin prisms. — aq : 
laminaa. — BaA'2 2aq: tables or prisma; si. sol. 
cold water.— PbA'a aq : lamin®.— AgA'. 

o-'Gumyl derivative 
f2:l]Pr.OgH4.0.0H2.C02H. [130°]. Prom o-iso- 
propyl-phenol, chloro-acetic acid, and aqueous 
NaOH (Pileti, G. 16,129). Needles (from \^ater). 
Forms a crystalline Ba salt and amorphous Pb 
and Cu salts.— AgA' : white needles. 

p-Cumyl derivative 
[4:l]Pr.C8H4.0.CH2.C02H. [81°]. Prorl! p-iso- 
propyl-phenol, chloro-acetic acid, and NaOHAq 
(Spica, Q. 10, 248). Silky needles, sol. water, v. 
sol. alcohol and ether. Unlike its o-isomeride, 
its solution is ppd. by HgCl2, by AuCl„ and by 
PtCl^.— BaA'2 2aq : micaceous scales, m. sol. hot. 
water,— PbA'2 2aq : scales with hexagonal bases, 
si. sol. water, sol. alcohol. 

Thymyl derivative 

0gH,.CgH3Me.0.CH2.C02H, [148°]. Solidifies 

at 132°. Formed by adding 30 g. of a solution of 
NaOH (S.G. 1-34) to a fused mixture of thymol 
(15 g.) and chloro-acetic acid (10 g.). Long nee- 
dles (from alcohol). SI. sol. water, v. sol. alco- 
hol and ether. May be distilled witll slight 
decomposition (Saarbaoh, J". |w. [2] 21, 159). — 
BaA'2 2aq ; prisms.— PbA^—AgA' ; flocculent 


pp. 

Ethyl ether of the thymyl derivative 
0,H2.0gH,Me.O.0H2.CO2Et. (290°). 

Amide of the thymyl derivative 
C,H,.OgHgMe.O.CH2.CO.NH2. [97°]. V. sol. hot 
water, altohol, and other (Spica, 0. 10, 245). 

Oarvacryl derivative 
0,H,.OgH,Me.O.CH2.CO2H. [149°]. Formed 
from carvacrol and chloro-acetic acid (Spica, O. 
10, 246). White needles ; si. sol. water, sol. 
alcohol and ether.— BaAa4aq : prisms, soV 
water.— PbA'j ; gummy mass [by ppn.j, or 
minute prisms (from woqhol). — AgA': minute 
uoodlss* 

Ethyl ether of the oarvacryl deriva- 
tive 0,H..0.H,Me.O.0H2.002Et. (*9^. Oil. 

Amide of the oarvacryl derivative 
C,H,.0,H,Me.0.CH2.C0.NH2. [68°]. SI. sol. 

oold water, sol. alcohol and ether. 

Eugenyl derivative 

0,H..O.H,(OM«).O.OHrCO.H. [81°]. Fomed by 
adding 80 g. of solution of NaOH (S.G. 1’341 to a 
fused mixture of chloro-acetic acid (10 g.) and 
eugenol (10 g.). Forms long satiny needles 
^om water). Not v. sol. water (L. Saarbach, 
pr. [2] 21, 168).-NaA'liaq. 


(a) -Naphthyl derivative « 
0,oH,.O.CEf2.C02H. [190°]. Formed by heating 
(a).naphth|)l with chloro-acetic acid and gradu- 
ally adding KOHAq (Spica, (?. 16, 437). The 
product is diluted with water, acidified witli 
HCl, and the pp. dissolved in aqueous ammo- 
nium carbonate to separate the unaltered (a)- 
nsphthoL Small pale-red prisms, si. sol. water, 
V. sol. ether and ^oohol.— KA'aq : long acicu- 
lar crystals, v. sol. water.— PbA'j 4 Jaq : white 
crystalline pp.— BaA'j 4|aq : white needles. - 
MgA'jO^aq; pink scales. S. 2-46 at 28°. 

Ethyl ether of the {a)-Naphthyl 
derivative OioHj.O.OHj.COjEt. [173°]. 
Colourless crystals, sol. alcohol and ether. 
Alcoholic NH, gives a crystalline pp. of the 
amide C,oH,.0,UH2.CONH2. [165°]. 

{$)-Naphthyl derivative 
0,gH,.0.0E^.C02H. [161°]. Prepared in like 
manner, using ()8)-naphthol (Spica). Trimetrio 
prisms ; v. si. sol. water, sol. alcohol and ether. 
— NH4A^ white unctuous scales [180°].— KA'. 
— BaA'jS^aq: laminae.- (PbA'2)2pbO: white crys- 
talline pp.— MgA'2 3aq. S. *62 at 26°. 

Ethyl ether of the {$)- naphthyl 
derivative OjpHj.O.CHj.COjEt. [49°]. Large 
transparent scales ; converted by alcoholic NH, 
into the ami d e C,oH,.O.CH2.CO.NH2. [147°]. 

Tolylene derivative 
Me.CaH3(0.CH2.C02H)2. [217°]. From orcin 

(62 grms.), chloraoetio acid (100 grms.) and 
caustic soda solution (540 grms. of 31 percent.). 
The reaction is violent (Saarbach, J. pr. [2] 21, 
l62). Thin crystals (from water). SI. sol. water, 
V. sol. alcohol and ether. Its solutions give an 
orange pp. with Fed,.— NajA” 3aq. V. sol. water. 
Needles (from alcohol).— K,A"8aq.—OaA"2aq. 
Ethyl ether.— Et^A". [107°]. Amide.— 
Me.O«H,(O.CH2.CONH2),. Amorphous. 

Nitro-tolylene derivative 
Me.0,H2(N02)(0CH2.C02H)2. [140°]. Formed 

by the action of HNO, (S.G. 1-12) at 100° on 
the tolylene derivative. Crystallised from alcohol 
(Saarbach, J.pr. [2] 21, 16^. 

Pyrogallyl derivative 
C,H,(0CH2.C02H),. [198°]. 8. 1*3 at 16°. 

Formed by melting pyrogallol (J^ pts.) with 
chloro-acetic acid (30 pts.) and then boiling with 
(200 pts. of) solution of soda (S.G. I'S), and 
acidifying when oold (Giaoo8a,i7.pr. [2] 19, 898). 
— K,A"'.— KH,A" aq. 

BlglyoolUo acid C4E[gO, i.e. 0(CH3.G0,H),. 
ParamaUc acid. Mol. w. 184. [148°].' Rqq 
41*90 in al4p.o. aqueous solutftn ^anonniko^. 

Formation.—!. Occurs in the preparation of 
glycollio acid from chlcgo-acetic acid by boiling 
with aqueous NaOH (Heintz, P. 109, 470), with 
alkaline earths, and with water and PbO or 
magnesia (Sohreiber, J.pr. [2] 13, 436). — 2. By 
Oxidising di-ethylenio glycol with nitric acid or 
platinum-black (Wurtz, 0. 162).-— 8. A 

by-product in the preparation of glyoollide by 
heating glycollio acid to 220° (Heintz, P. 115, 
280, 462). 

- Properties.— ’Ih^k prisms (containing aqL 
Hasmo action on light. V. sql. water and u* 
coh^ On distillation it gives formic paralde- 
hyde and other products (Heint^ A. 128, 129). 
By heating with HIAq it is suocessivaly con- 
verted into glycollio and acetic acids. Fuming 
HOlAq at 185° yields glycollio acid (Hbrnli, 
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130, 257). PotHsh-fusion gives oxalic and acetic 
acids. FOl, forms ohloro-aoetyl chloride. 

Salts.— The neutral alkaline salts fre easily 
soluble in water, other diglycollates are but 
sparingly soluble. — NH 4 flA": long monoclinio 
prisms, insol. alcohol. S. 8-26 at 16°.— KHA" : 
trimetrio crystals, si. sol, water.— KjA" : long deli- 
quescent needles. — NaHA": small tables, si. sol, 
water, insol. alcohol.— NaKA" Saq: small tabu- 
lar prisms with nacreous lustre, insol. alcohol. 
[100°].-LijA" 6aq. S. 46 at 18‘6°.— LiA" 2iaq 
(Schreiber, J. pr. [2] 13, 436).— : hard 
granular crystals.— BaA" aq : white crystalline 
pp. S. *17 at 100°. — CaA"6aq: long shining 
needles. Much less soluble than calcium gly- 
collate. — OaA" aq. — CaA" 3aq. — CaA" 4aq. — 
CaA" 6aq. — SrA" aq.— SrA" 4aq limpid, non- 
efflorescent crystals. — MgA" 3aq ; small prisms. 
— PbA" : minute crystals, si. sol. water. — 
CuA" ^aq : blue crystalline pp. — ZnA". — 
ZnA" 3aq. — Ag^A" : white granular pp. , 

Ethyl ether Et,A". (240°). From the sil- 
ver salt and EtI (Heintz, A. 144, 95). Also from | 
chloro-acetic ether, sodium glycollate, andNa^COj ! 
at 190° (Heiotz, .4. 147, 200 ). Heavy oil. De- 
composed by boiling water into alcohol and di- 
glycollic acid. Alcoholic NH, forms the amide 
0 (CH 4 .C 0 NH.),.. 

First Amide NH,.CO.CH,.O.CH,.C 02 H. 
Diglpcollamic acid. [136°]. Formed by heating : 
the imide with baryta-water. Formed also by I 
heating the second amide with water at 100 ° i 
(Heintz, A. 128, 140). Trimetrio prisms ; m. sol. 1 
hot water, si. sol. alcohol, nearly insol. ether.- 
BaA'^aq: crystals; sol. water. 

Second Amide From the 

ather and cold alcoholic NH,. Trimetric prisms ; 
V. e. sol. hot water, v. si. sol. alcohol. HOI de- 
composes it into NH, and diglycoUic acid. 

Imidt [142^. S. 1-8 

ftt 14°. Formed by distilling the preceding. 
Formed also by distilling acid ammonium 
diglyoolla'te. Long needles.— AgC^H^NO, : 
laminae. *• 

Triglycollio acid C,H,jOj. A syrupy acid, 
said to be tormed by the action of CLjO on a 
ipixture of Acfi and iodine (Schfitzenberger, 
C.B. 66,1340). — Ca,A'"^— Ba 3 A'"- 2 aq : prisms. 

OLYCOLLIC ALDEHYDE O^H^O* i.e. 
HO.CH 3 .CHO. It is doubtful whether this sub- 
stan^ has been obtained. It is described by 
Abeljinz {A. 164, 213, 223) as a syrup, sol. ether, ! 
readily oxidised By Ag^O to glyoollic acid, and ! 
obtained by treating CH^Cl.CHCl.OEt with water 
at 115^. Abeljanz obtained the same body by 
treating|| 0 H 2 (OH).GHGl.OEt with cone. HBO 4 . 

Di-ethyl derivative ci(OH).CH(OEt),. 
(167°). V.D. 66-6 (calc. 67). Fron? 
CH 3 Br.OH((«Wj 5 f by heating with alcoholic KOH 
for twelve hours at 170° (dinner, B. 6 , 160). 
Fragrant liquid. Decomposed by cold cone. 
H 3 SO 4 and by gaseous HCl. AojO at 120° yields 
a liquid resembling aldehjide, which may be 
“glycoUio aldehyde. 

Tri-ethyl derivative 
CH,(OEt).CH(«Et)j. (164°) (P.) ; (168°) (L.). 
8.0. '892. From bromo-acetal and NaOEt at 

!60°. Also from OBLOl.CHCl.OEt and NaOEt 
at 160° (Liobeu, A. 146, 196). Fragrant liquid. 


OtTCOLUDE C,H,0, U<^>0 CT 
CH,.O.CO 

ioodfl' [180»](D.). 

Formation. — 1 . By heating glyoollic acid to 
240°, small quantities of diglycoUic acid and of 
formic paraldehyde being formed at the same 
time (Heintz, P. 116, 462). — 2. By heating an- 
hydrous potassium chloro-acetate at 116° (Ke- 
kul 6 , A. 106, 288). If the crystallised salt be 
used most of the glycollide unites with water 
I forming glycollic acid.— 3. Glycollide was first 
obtained by heating tartronic acid to 180° as 
j long as COj escapes ; after a few days the pro- 
duct solidified and is then washed with hot water 
(Dessaignes, 0. B. 88 , 46). 

Prepf^ration.—^L alcoholic solution of chloro- 
acetic acid is added to a solution of sodium in 
16 times its weight of dry alcohol ; anhydrous 
chloro-acetate of sodium is ppd. and, after dry- 
ing at 100 °, this salt is gradually heated to 150° 
and kept for two days at that temperature. The 
product is freed from NaOl by washing with 
water,' and may be dried at 200° (Norton a. 
Tscherniak, C. B. 86, 1332). 

Properties.— Light white powder ; neutral to 
litmus. SI. sol. hot nitrobenzene. Dissolves in 
caustic ^potash, forming potassium glycollate. 
Ammonia forms the amide of glyoollic acid. 
Ethylamine forms HO.CHj.CO.NHEt. Aniline 
at 130° gives HO.CH,.CO.NHPh. [108°]. 

Another anhydride of glyoollic acid O 4 H 4 O 3 . 
[130°]. Obtained by heating glyoollic acid at 
100° for a long time (Dreohsel, A. 127, 164). 
Also from glycollio acid and the vapour of SO, 
(Fahlberg, J. pr. [2] 7, 886 ). Powder, insol. 

I ether, alcohol, and cold water. Boiling water 
I forms glyoollic acid. Further heating converts 
I this anhydride into glycollide. 
j OLYCOLLUBIG ACID v . Hydanioio acid. 

I GLYCOILYL-AMIDO-BENZOIC ACID 
i CHjOH;c;O.NH.C,H 4 .C 03 H. [ 212 °]. From m- 
amido-benzoio aoif*. and glycollio acid at 160° 
(Pelizzari, A. 232, 163). Needles (from water), 
Sol. alcohol, si. sol. ether. 

Acetyl derivative 
CH,(OAo).CO.NH.O,H4.C03H. [198°]. 

CO 

An7tvdritfe.-CH,^N.C«H,.C03H-[248°]. 
From CH.OH.CO NH.OJI^.CO H by heat. 

DLYc6lLYL-D££A V. Hydantoin. 

OLYCOLURIL v. Acetylene-ukea, vol. i. 
p. 44(1, 

‘ OLYCOSE V, SuoAB. 

OLYCOSINB C,H,N 4 i.e. 

Diglyoxaline, 

Formatijn.—l. By acting on glyoxal with 
ammonil (Debus, A. 107, 199 ; Japp a. Olemin- 
shaw, 0 . S. 61, 663).— 2. From tri-ohloro-laotio 
acid and oono. NH^Aq (Pinner, B. 17, 2000). 

Propcrfics.— White needles (from alcohol), 
V. si. sol. alcohol. 

Salts.— B" 5 HjPt 0 l 4 : buff-coloured needles. 
-B"H^tCl 4 .-B"(HaPtCg 2 : deep-yellow orys- 
tals, stable at 120°.-B"AgNO, (Wyss, B. 10, 
1376).— B''(H,Oa 04 )|: small nodules, m. sol. oold 
water. 



^ IH-Uw5d-fl3^ineC«H,N,(NC,HX^ [145®]. 
Formed by heating glycosine with benzyl chloride 
and extracting the product with dilute hydrio 
chloride (Japp a. Oleminshaw, 0. J. 61, 655). 
Colourless plates, v. sol. benzene, si. sol. petro- 
leum ether. 

Tetra-phenyhglycosine 


aLipoirRRHi2j;tp aoid. 
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Ph^O—NH 


,NH— 0— Ph 


•Ph\LN^“^N 

Formed by acting on a mixture of benzil and 
glyoxal with ammonia (Japp a. Clorainshaw, G. J. 
61, 563). White felted needles, m. sdl. Jjot, si. 
lol. cold, alcohol, v. sol. HOAo. 

GLYCOSITRIC ACID. [140"]. Oecurs in urine 
in disease (Marshall, Ar. Ph, [ 3 ] ‘25, 693). 
Prisms ; v. sol. water, alcohph and ether, insol. 
benzene and light petroleum, deduces btehling’s 
solution more strongly than glucose. An ethereal 
solution becomes red on evaporation. FeCl, gives 
a transient blue colour. 

GLYCURONIC ACID 0«H,oO,. 

F(yrmaU(m. —l. Euxanthio aoid (which oc- 
curs in puree or Indian yellow) is split-up by 
heating with HCl or with dilute (3 p.c.) HjSO, 
into glycuronio acid and euxanthone (Spiegel, 
5. 15, 1965; Kiilz, Z. B. 23, 475; Baeyer, A 
155, 257 ; Thierfelder, H. 11 , 388). Thodecom. 
position is best effected by water at 125".— 2. By 
boiling (a), or (^)- camphoglyouronic acid with 
dilute (6 p.c.) HCl (Schmiedcbcrg a. Meyer, H, 
8 , 422). - 8 . By boiling urochloralic acid with 
dilute H^SO^ (Mering, H. 6 , 489).— 4. When a 
rabbit is treated with ier^amyl alcohol its urine 
contains ‘ di-methyl-ethyl-carbinol-glycuronio ’ 
aoid which is split up by boiling dilute 

H 5 SO 4 int^ f«r<-amyl alcohol and glycuronic 
acid. Tert‘hvAy\ alcohol acts in like manner 
(Thierfelder a. Mering, H. 9, 616). 

Propcrizcs.— Syrupy acid, v. sol. alcohol. On 
evaporation of its solution, or even on standing, 
it changes to the crystalline anhydrid(a Gives 
on oxidation camphoric andjormio acids. Bro- 
mine converts it into saccharic acid (Thierfelder, 
B. 19, 3148). Sodium-amalgam reduces it to 
gluconic acid. Its K salt dissolved in 90 p.c. al- 
cohol reacts with aniline forming NPhiO^HgO^K, 
the potassium salt of the ‘ anilide of glucose ’ 
[177°]. m-Tolyleno-diaraine forms, in like man- 
ner, C,H«(N:0,H„0,iK),. Cone. KOHAq decom- 
poses glycuronio acid, forming oxalic acid, 
pyrocatechin, and a little protocatechuio acid. 
Glycuronio acid gives lactic and acetic acid 
when fermented in presence of cheese and 
chalk. — EIA': needles.— BaA'- : amorphotis, y. 
sol. water. ^ 

Anhydride O.HgO,. [167°]. [a]„« 19-26° 
at 18°. Monoolinic tables, with sweet taste. 
V. e. sol. water, insol. alcohol. Dextrorotatory. 
Reduces hot Fehling’s solution. *9tB pts. reduce 
as much as 1 pt. of glucose. Hinder^ the ppn. 
of cupric hydroxide by alkalis. 

Ben toy I derivative CjHgBzjO,. [107°]. 
Obtained by treating the aoid (1 mol.) with BzOl 
(9 mole.) and NaOH (12 mols.) in a 10 p.c. solu- 
tion (Thierfelder, H. 13, 276). V. sol. alcohol. 
Reduces Fehling’s solution. 

Phenyl-hydratide 04 ,H 4 ,N,gO„. [116°]. 
From the K salt and phenyl-hydrazine mixture. 
Yellow needles. 

Ton. n. 


GLYCYPAYIjLIIT C2,H„0,. i;|ie sweet prin- 
ciple of Smilax glycyphylla. Extracted from 
the leave^and stem by alcohol, the extract being 
evaporated and the residue dissolved in water 
and extracted with ether (Wright a. Rennie, 
G.J. 89, 237 ; 49, 857). Crystallises from wet 
ether with 3aq, and from water in prisms con- 
fining 4|aq. Has no definite melting-point. 
SI. sol. cold watei^ v. sol. hot water and alcohol, 
m. sol. ether. Insol. chloroform, benzene, and 
light petroleum. Dissolves in aqueous KOH, the 
solution turning red in air. Does not reduce 
hehhng’s solution. Is ppd. by lead subacetate. 
Boiling dilute H.SO 4 converts it into phloretin 
CisHnOj and isodulcite C 6 H, 40 g. 

GLYCYRRHIZIC ACID Occurs, 

probably in combination with ammonia, in the 
liquorice root {Glycyrrhiza glabra and O. echin* 
ata) (Vogel, jun., J, pr. 28, 1 ; Lade, A. 69, 224 ; 
Gorup-Besanez, A. 118, 236 ; Hirsh, Ph. [ 3 ] 1 , 
749; l^ussin, Ar. Ph. [3] 8 , 156; Robiquet, 
A. Ch. 14] 72, 143 ; Sestini, O. 8 , 454 ; Haber- 
mann, .4. 197, 105). Occurs also in large quan- 
tities in the rhizomes of Polypodium vulgare 
and of P. semipennatifidum, both of which ferns 
are used as substitutes for liquorice (Guignet, 
Q. R. 100, 151). Haberraann finds in liquorice, 
besides glycyrrhizic acid, a brown resin, which 
yieldsp-oxy. benzoic acid when fused with potash, 
and an amorphous bitter substance C,aHj,NO,„ 
si. sol. water and ether, v. sol. HOAo and aqueous 
NajCOj. 

Preparation.—l. The dried and powdered 
l^oot is extracted with dilute acetic acid; ^oohol 
is added ; and the filtrate evaporated to a syrup 
and washed with water (Guignet).— 2 . The root 
is extracted with boiling water containing a little 
milk of lime ; the concentrated extract is ppd. 
with FOAc, The gelatinous pp. is dissolved in 
50 p.c. alcohol, deodorised by charcoal, and eva- 
porated at 100 ° (Sestini).— 3. Commercial ‘ Gly- 
cyrrhizin ammoniacale ’ is boiled with glacial 
acetic acid and filtered while hot. The acid am- 
monium salt then crystallises from the filtrate 
(Habermann). The acid Inay be obtained by 
conversion into the lead salt and deoomposinfir 
by H^S. ^ 

Properties.— Gelatinous mas# (from hot 
aqueous solution). When dry it forms an amfh- 
phous solid, which swells up in cold water. V. 
si. sol. ether and alcohol, sol. boiling HOAo. 
Turns brown at 100 \ It has a sweet taste and 
an acid reaction. Expels CO.^ from GaQ|||, sus- 
pended in hot water. Beduoas ^ehling^ solu- 
tion on heating. Boiling dilute acids split it 
up into glycyrrhetm and parasaccharic aoid 

Salts.— NH 4 H 2 A'" : laminae (froi# alcohol 
I or HOAc) ; prepared as above.^, Insol. ether, sL 
^ol. alcohol, y. e. sol. boiling water. Separates 
from dilute alcohol or hot watA &|9 a gelatinous 
form.- (NH4)8A"*^ amorphous gummy mass, v. 
sol. water, insol. alcohol. Has an intensely 
sweet taste.— KHjA'" : crystalline grainy Swells 


»»***.*« MWOUif 

^up in cold water, forming a jelly ; v. sol. hot 
water, v. si. sol. alcohol. Extremely sweet-^ 
yellowish amorphous ntass ; v. sol. water, 
y. si. sol. alcohol. From its sqjution in HOAo 
the salt KHjA"' crystallises out — floo- 
oulent pp.— Pb,A'"y: yellowish-brown znasi, sL 
■ol. water, insol. alcohol, sol. HOAe. 

TT 
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Olyoyrrlietfii C„H4 tN 04. [200°]. Formed 
by bc^g glyoyrrluzio acid with dilute aoids 
^abermann, B. 10, 870 ; Griessmeyer^D. P. J. 
209, 228). Crystalline powder; has no taste. 
Insol. water, ether, and alkalis; sol. alcohol, 
HOAo, and l^SO^. Does not give ^-oxy-benzoio 
acid on potash-fusion (Habermann ; c/. Weselsky 
a. Benedikt, B. 9, 1158). ^ 

Di-acetyl derivative' C„H4sAcjN04. 
[217°]. From glycyrrhetin andAcCl. Crystal- 
line powder ; insol. water. Gives on oxidation 

CjoH^^BrNO,. From 
glycyrrhetin and Br in HOAc. Crystalline 
powder, insol. water and alcohol, si. sol. HOAo, 
V. sol. CHCl,. 

Nitro-glyoyrrhetin C,2H4„(N0^NO4. Formed 
by treating a solution of glycyrrhetin in HOAc 
with HNO,. Powder. 

GLYOXAl C,H202 i.e. CHO.CHO. Oxalic 
aldehyde. Mol. w. 58. Formed by the action 
of nitric acid on alcohol (Debus, A. 102, 20 ; 107, 
199 ; 110, 316 ; 118, 253), aldehyde or paralde- 
hyde (Lubavin, B. 8, 768). 

Pre^ration.—\. Obtained from the mother- 
liquor m the preparation of glyoxylic acid by the 
slow oxidation of alcohol by HNO,; the liquid 
is mixed with several times its volume of cone. 
NaHSOjAq. The crystalline compound is sub- 
sequently decomposed by dilute H^SOi. - 2. 
Paraldehyde (25 g.) is mixed with water (25 g.) ; 
HKOa (20 C.C. of S.G. 1'37) is poured in so as to 
lorm a lower layer of liquid, and below this again ^ 
fuming HNO, (1 o.c.) is introduced. After a 
week the liquid is evaporated at 100°, taken up 
in water, neutralised by CaCO„ glycollicandgly- 
oxylio acids ppd.by lead subacetato, filtered, freed 
from excess of lime by oxalic acid, again filtered, 
and evaporated (De Forcrand, Bl. [2] 41, 240). 

ProperHes. — Amorphous, slightly deliques- 
cent mass. After drying at 100° it contains xaq 
and is v. e. sol. water, but after drying at 120° 
it is V. si. soL cold water. At 170° it is partially 
converted into glycoll’de. It is v. e. sol. alcohol 
and ether. It reduces ammoniacal AgNO„ 
forming a mirror. Water at 150° converts two- 
thirds of it ii^o glycollic acid. 

< BeacHons.—l. A small quantity of very 
dilnte nitric acid oxidises it to glyoxylic acid ; a 
larger quantity of nitric acid forms oxalic acid. 
2. Aqueous alkalis convert it into glycollic acid, 
even i|i the cold. — 8. Gold aqueous EGy forms a 
black substance. — 4. Ammonium cyanate forms 
glycocoll HiUblivin, J, R. 1882, 281; C. J. 44, 
178).— 5. Cone, aqueous NH, forms, in the cold, 
glycosine C4H4N4 and glyoxaline C,H4N,.— 6. 
An alcoholic solution of aniline forms 02^44^4 
(Sohifl, B. 11, 831), a crystalline base, insol. 
water, sol. alcohol, forming the platinochloride^ 
B'jH^PtCl, and the nitro- derivatives 
02,Hj,(N0j4lfrJ'and 02jHn,(NQa),N4. -7. Aniline 
heated with the compound of glyoxal with 
NaHSO, forms the anilide of phenyl-amido- 
acetio acid NHPh.CH,.GO.NHPh [113°] (Hins- 
berg, B, 21, 110).— 8. (a)-c {fi)-Naphthyl 
^amine heated with the compound of glyoxal 
with NaHSO, fonh the sodium salt of the sul- 
phonate of °(a)., and (/B)'naphthozindole 

(Hinsborg)^9. Auto-acetic 
ether and cone, aqueous ZnOl, form meihyl^carh- 


amoiphous 0 ,,H 4 ,NO.. 
Bromo-glyoynhetin 


oxy-furfui^l-aoetio acid and an ether 
[139°] which crystallises in plates, v. sOl. most 
menstrua, insol. alkalis, and on saponification 
gives an acid [75°] (Polonowsky, A, 246, 17).— 10. 
Gaseous HGl passed through a mixture of gly- 
oxal and ethylene mercaptan forms 
GH,.Sv ^S.CH, 

I ^CH.CH<(' I [133°] (Fasbender. B, 
CHj.S S.GB[, 

21, 1476).— 11. UfakwMC effter (2 mols.) acted on ® 
by glyoxal (1 mol.) and zinc chloride gives 
rise to di-oxy-butane tetra-carboxylio ether 
(GO,Bt),.Ga.GH(OH).GH(OH).CH(CO,Et), 
(Polonowski, A. 246, 1). — 12. Aceto-acetic ether 
and cone. ZnCl^Aq forms di-methyl -furfurane 

di-caiboxylio acid 0<cMe^';£2(CO^>‘ ‘ 

compound 0,4HfiGg [139°], and oily 

0<CMB^ciS— >-l*- 

methyl-urea evaporated with glyoxal and a little 
HGl forms tetra-methyl-glycolurile 
.NMe.GH.NMe. 

GO<f I ^GO [217°] (Franchimont a. 

\NMe.GH.NMe/ 

Klobbie, R. T, C. 7, 236). 

Combinations GaH202(NH4HSO,), : prisms, 

V. sol. water, insol. alcohol (De Forcrand, C. R, 
100, 642)' — C2H202(NaHS0,)2 aq : small crystals, 

V. sol. water, insol. alcohol.— G2H202(KHS0J,: 
prisms (De Forcrand, C. R, 98, 1537). — 
G2H20^a(HS0,)2 2^aq : concentrically-grouped 
masses. S. *85 at 18°. 

Diphenyl hydrazide HG(N2HPh).GH(N2HPh). 
[170°]. Got by warming glyoxal or its com- 
pound with NaHSO, with excess of aqueous 
phenylhydrazine hydrochloride and sodio acetate 
(Pickel, A. 232, 231; Fischer, B. 17, 676). 
Formed also by the action of phenyl-hydrazine 
on tri-chloro-lactic acid (Pinner, B. 17, 2001), 
Rosettes of slender needles or plates (from 
alcohol). Nearly insol. water and light petro- 
leum, sOf. benzene and chloroform. By warming 
with alcoholic FeG*, it is oxidised to the ‘ oso- 

tetrazone ’ N'NPh which crystal- 

lises from alcohol in dark red plates (Yon Peoh- 
mann, B. 21, 2751). 

Salt.— B'HGl. [156°]. Saponified by water. 

Phenyl- ethyl -hydrazide 
HC(N2EtPh).GH(N,EtPh). [149°]. Fcr.med by 
addmg the compound of glyoxal with NaHSO, 
to a dilute solution of phenyl-ethyl-hydrazine in 
HGlAq (Elbers, A, 227, 340). Grystals (from 
alcohol) ; v. sol. benzene and chloroform, m. sol. 
ether and cold alcohol. 

Oxim C2H4N2O2 i.e, HC(NOH).CH(NOH). 
Qlyoxim. [178°]. Fprmed by the action of 
hydroiylamine on glyoxal (Wittenberg a. Meyer, 
B. 16, 505). Formed also by the action of 
hydroxylanfihe upon tri-ohloro-laotio acid (Pin- 
ner, B, 17, 2001). ‘ Sublimable. Golonrless 
trimetrio tables. Sol. hot water, alcohol, and 
ether. Boiled with aqueous acids it is resolved 
into its constituents. By heating with aoetio 
anhydride it ^elds cyanogen ^ach, B, 17, 
1578). Phenyl-hydrazine added to its alco- 
holic solution forms an addition-compound 
C^N,0,N,H,Ph [110°], which orystalliset from 
aioonol in white scales, msol. water (Polonowikj, 
B. 21, 182).— Ag(^iN|0« : white powte* 



^>rivativ$ OJSJSOAe).: 
[1»°] : oplqurkM omtale. By furSS hestiSg 

a 17“ 678)“*^*"^® 

Reference. — GHLOBo-oLioziif. 

(UoU,0jJ,^0. Formed by passing HCl into a 
glyoxal (1 vol.) in HOAo (6 vols.) 
O, 4, 16; A. 172, 1). Powder, insol. 
water, ether, benzene, and chloroform, si. sol. 
boiling alcohol. Prolonged boiling with water 
converts it into glyoollio acid. Caustio alkalis 
also form glycollates. Boiling A^a forms 

/ Cfe(OEt),.CH(OEt),. 

( 0 . 180®). Formed by the action of NaOEt upon 
di-ohloro-acetal CflCl,.CH(OEt)j (Pinner, B. 6, 
destroyed by strong aoids. 
GLYOXAL-AMYLINE v. Bdtyl-oltoxalinb. 
GLYOXAL-ISOBFTYLINE v. Proptl-olt- 

OXALINB. 

GLYOXAL • ETHYLINS v. Methyl -olt* 

OZALINB. 

CH.NHv 

GLYOXALINE 0,H,N, U. || , \cH 

CH.Nv 

(Japp, a /. 43, 17) or II | Methylene- 


Ml > 

acetvlene^nne, [89®]. (256®). V.D. 2-36 (calo. 

, 2'26), ^ Formed, together with glycosine, by 
the action of strong aqueous ammonia on glyoxal 
(Debus, A. 107, 204 ; Lubavin, J. B. 7, 264 ; 
Wyss, B, 0, 1543 ; 10, 1306 ; Wallach, B. 15, 
646). Formed also by the simultaneous action 
of formic aldehyde and NH, on glyoxal (Badzis 
zewsky, B. 16, 1496). 

Preparation.— Glyox&l is treated very gradu- 
ally with ammonia in slight excess, the ^mpera- 
ture being kept down. Glycosine then separates 
as a brown powder, and t15e filtered solution 
contains the glyoxaline together with ammonia, 
chiefly as acetate. This liquid is boiled with 
milk of lime to expel the ammonia, then evapo- 
rated to a syrup, treated with absolute alcohol 
to separate mineral salts, and filtered; the 
residueis strongly pressed to separate as much 
as possiDle of the liquid; and the whole of this 
liquid is distilled from a wide-necked retort. 
After one rectification the glyoxaline is perfectly 
pure, and solidifies to a radiate, dazzling-white 

......... /TZrw-..\ . 


GLY03CALWB8. e4l 

hoi, si. sol. ether. It dissolves id^alkalito and is 
reppd. by.Mids, behaving as an acid. Its silver 
fnipw ®o“v«rted by Mel into 

U|MeBr,N 3 , which may be reduced by sodinm* 
amalgam to methyl-glyozaline. 

/#« orange-red prisms 

‘ ^^’Tsoluble^stals.— 
B HjOjO, : prisms. S. 2 06 at 19®.— 0,AgH,N.; 
white amorphous pp. ; insol. cold water. 

Befere^. - Methyl-. Methyl- ethyl.. 
Ethyl-, Propyl-, Butyl-, and Isoimyl-olt. 
oxalines. 

GLY0XALINE8. These compounds are do- 
CH-NR 

nvatives of gl]s>zaline [) \CH 
CH 

Oemral modee of formation.— Thor are 
fo^ed by the condensation of compounds oon- 
taining^ the dicarbonyl-group —00.00— (a-di- 
ketones and a-dialdehydes) with aldehydes and 
ammonia jointly, the reaction taking place ac- 
cor^ng to Equation II. of the general reactions 
of this class (V. vol. i. p. 466). Thus glyoxal. 
aldehyde, and ammonia yield methyl-alv- 
oxaline :— ^ / 

OHO 

I +OH..OHO-1.2NH, 

CHO * 

OH-NH. 

(Radziszewski, B. 15, 2706 ; Japp, 0. J, 1883 
197 ; V. also under Equation II., vol. i. p. 466). * 
The aldehyde necessary for the Reaction is 
sometimes furnished by the preliminary hydro- 
lysis of a portion of the dicarbonyl-oompound. 
Thus the reaction discovered by Debus (T. 148 
209), in which glyoxaline itself is obtained by 
treating glyoxal with ammonia, is supposed to 
occur in two stages: 

(a) OHO.OHO+H,0«H.OOOH + H.CHO 

; yonnio aldshjds. 


crystalline mass (Wyss). 

Properties. — Thick nacreous prisms, v. sfll. 
water, alcohol, and ether ; is not deliquescent. 
Has an alkaline reaction. Not attacked by 
ohromio acid. Not affected by reducing agents, 
by Ao,0, by AcOl, or by BzOl. f 

Beaciions.—l. EMn 04 .ozidiBes it4o formic 
acid and 00,.— 2. EtBr forms 0,H,EtN,HBr 
and 0,H,EtN^tBr.— 8. Benzyl chloride forms 
in like manner 0,H,(0,H,)NAH.01 (WyBB).-4. 
The hydrochloride treated with AgNO, forms a 
nitroso-derivative.— 5. Hydrogen peroxide 
forms ozamide (Badziszewsky, B. 17; 1289).— 
6. Bnmme added to an aqueous solution of 
glyoxaline lonns tri-bromo-glyozaline 
0,£fflr,Na, which ctystsUises from water in 
needlec. Xi is v. il. sol. cold water, ?« sot aloo* 


ib) +H.0H0-f-2NH, 


CHO 

CH-NHv 

- II ^ 

CH 


;CH + 3H,0 


(Radziszewski, B. 16, 1496 ; Japp, B. 16, 2419). 
In a similar manner lophine (triphenyl-gly* 
oxaline) is obtained from bengil^nd ai^onia 
benzoio aldehyde being first formed (v. vol.i. pp! 
467-8) ; and trimethyl-glyoxaline from diaoetW 
and ammonia (Von Pehhmann, B. 21, 1417). ^ 
Glyoxal also reacts with ammonia without 
I undergoing hydrolysis, yielding glycosine 
WD.), which is a diqlyoxalyline. In this case 
8 mols. of glyoxal take part irah^reaction, one 
of these exercising the function or the aldeh^ 
(here a dialdehyde) and the other two thatiS 
the dicarbonyl-oompound in the aldehyde dl* 
ketone-ammonia condensations : 

• OHO • 

• 2 ^0 + 4HH, 

OH-NHy yNH-CH 



ki 


OJLiTOXALINBS. 


^ Japp a. Oleminshaw, 0, J, 1887, 558 ; e/. also 
formation of tetraphmylglycosini, vol. i. p. 465). 

Wallaoh baa shown that ohloruMted gly> 
oxalinea are formed b j the action of phosphorus 
pentaohloride on s-diaUcyloiamides (A. 184, 33; 
214, 278; B. 16, 646; n. also Japp, B. 16, 
2418 ; 0. J. 1883, 197). In the first stage an 
imidO'Ohloride is formed: thus s-dimethyloi> 
CChN.CH, 

amide would yield I . (The imido- 

CChN.CH, 

chloride was not isolated in this particular 
case, but the corresponding diethyl-compound 
was obtained.) The imido-chloride parts, either 
spontaneously or on gently heating, with the 
elements of hydrochloric acid, j^lding a chlori- 
nated glyoxaline. Thus with dimethyloximido- 
ohloride : 

OCliN.CH, CC1-N(CH,). 

I -HC1 = !| >CH 

CC1:N.CH, CH N^ “ 

Chloroxalmethyline 
( Mathylchlorgl yoxaltno). 

The mechanism of this reaction is not under- 
stood (Wallach, B. 16, 646). By heating with 
hydriodio acid and amorphous phosphorus, the 
compound is reduced to the corresponding 
‘ oxalmethyline ’ (tertiary mcthylglyoxaline). 
The name ‘oxalines ’ was given to this class of 
compounds to denote their connection with 
oxalic acid, before it was recognised that they 
were derivatives of glyoxaline. The general 
formula of the ‘oxalines’ derived from s-di- 
alkyloxamides of the formula 
^ CONn(C„H,.„) _ 


thus 


C0NH(C„H2,,i) 
CH-N(C„H,.„)^^ 

CH^ 


-N^ 






IF> 


oxalethyline ’ from s-dicthyloxamide is 
CH-N(C2HJv 
(1 >C.CH, . 

CE ^N^ 

Another class of glyoxalines are the anhydro- 
bases derived from orthodiamines : thus anhy- 
dracetdiamifobeuzene (ethenylphenylenedia- 
nsine) 

CH 

>C.CH, 

CH’ 

'ck 

is obtained by reducing o-nitracetanilide with 
tin and hydrochloric ocKl : 

/NH,CO.CH, 

0,^/ +3H, 

-<3^^ ^0.Ca,+8H,0 

(Hilbner, A. 209, 853). The same compounds 
may be prepared from the orthodiamines by 
heating them with carboxjCio acids: thus o-dc- 
amidobenzene and acetic acid yield the <fore- 
going anhydracetdiamidobenzene (Ladenburg, 
3.8. 677). " 

Ladenbnrg 11, 690) obtained by the con- 
densation of aldehydes with orthodiamines a 

•laai of stable bases to which he gave the 


name of * aldehydines.’ Hinsberg (B. 19, 209ii) 
has shown that these compounds are tertiary 
anhydrobases. Thns (1, 8, 41-tolylenediamine 
and benzaldehyde form benzyl-anhydrobenadi* 
amidotoluene : 

* + 20,H,.CH0 

The al^ehydines, therefore, also belong to the 
class of the glyoxalines. 

General prpperties and reactions. — Glyoxaline 
and most of its true homologues are solid com- 
pounds ; but the derivatives in which the alkyl- 
group is- attached lb nitrogen are generally liquid. 
The glyoxalines are monacid bases, and behave 
towards alkyl iodides like secondary bases ; thus 
glyoxaline yields with methyl iodide the com- 
pound C 3 H,(CII,)N 2 ,CHJ, which by treatment 
with moist silver oxide is converted into an am- 
moniupi hydroxide; this by distillation yields 
CH-N(CH,)v 

the tertiary mothylglyoxaline |1 

CH 

The coiiversion of the secondary glyoxalines into 
tertiary compounds by the introduction of an 
alkyl-group lowers the boiling-point : thus gly- 
oxaline boils at 256°, tertiary methyl-glyoxaline 
at 197°-199°. When the tertiary alkyl-glyoxal- 
ines are distilled through a red-hot tube, the 
alkyl leaves the nitrogen and attaches itself to 
the ‘ meso ’ carbon atom : i.e. the carbon atom 
which is situated between the two nitrogen atoms. 
In this way the foregoing tertiary, methylgly- 
oxaline may be converted into tncso-methyl- 
CH-NHv 

glyoxaline || ^C.CH„ identical with the 

CH — W 

compound (v. supra) obtained from glyoxal, al- 
dehyde,' and ammonia (Wallaoh, B. 16, 542; 
Badziszewski, B. !p6, 2706). By oxidation with 
hydrogen peroxide, glyoxaline and its meso- 
homologues yield oxamide; whilst the tertiary 
alkyl-glyoxalines and their m«50-horaologuea 
yield raonalkyl oxamides; thus oxalethyline 
CH-N(0,HJ. 

II ^C.CH, gives etbylozamide (Bad- 

CH N^ 

ziszewski, B. 17, 1290). 

It has not been found possible to replace the 
imidio hydrogen in glvoxal and its homologues 
by aeid radicles, and from this Badziszewski (B. 
P6, 1494 and 2706 ; 16, 492) has argued that 
glyoxaline contains two tertiary nitrogen atoms, 
OH:N. 

formulating it thus: | ^H,; but the re- 

. CH:N/ 

suits of ^l^lation and of the oxidation of the 
alkyl- derivatives prove conclusively that imidio 
hydrogen is present, and far outweigh this 
merely negative evidence (Japp, B. 16, 2419 ; 16, 
284 ; WallMh, B. 16, 588). Besides, glyoxaline 
gives off ammonia when heated with aniline 
hydrochloride, and sulphuretted hydrogen When 
its aqueous solution is heated with oarbon di- 
sulpbide—reaotions which a tertia:^ base would 
hardly exhibit (Wallaoh, B. 16, 5^. 

Ciam;tca^td»».---Tbeglyoxalines are amidhiei 



GLTOXYLIO acid: 




in wHloh two hydrogen atoms— one in the amido- 
and one in the imido-group — have been replaced 
by the dyad group — OB'r^CB — so as to con- 
vert the complex into 

II » forming a closed-chain oom- 

, pound. Thus glyoxaline itself is formamidine 
into which the group -CH=CH— 


has been introduced. The amidines, like the 
glyoxalincg, are inonacid bases. * ^ 

Glyoxaline is one of the two possible com- 
pounds which may be derived from pyrrhole as 
pyridine is derived from benzine— by replacing 
a CH- group by triadic nitmgen : 

CH~CH CH-CT CH-n^ 

U II II 11 II II 

CH CH CH N CH CH 




\/ 

NH 




Pyrrhole. Pyrazole. Glyoxaline. 

F»E. J. 

GLYOXAL (ENANTHYLINE v. Hexyl olt- 

OXALINE. 


OLYOXALIC ACID v. Glyoxylio acid. 
GLYOXAI-FBOFYLINE o. Ethyi^lyoxal- 

XNE. 


OIYOXIM V, Di-oxim of Glyoxal. 

OLYOXYLIC ACID C.HjO^ i.e. H.CO.COjH. 
Glyoxalic acid. 

Occurrence. — In the leaves and unripe fruits , 
of many plants (Brunner, B. 19, 595). 

Formation. By the action of nitric acid 
upon alcohol, glycol, glyoxal, or glycerin (Debus, 
F. M. [4] 42, :JG1 ; A. 100, 1 ; 102, 28 ; 110, 316; 
Heintz, A. 152, 325).— 2. By boiling silver di- 
bromo-acetate with water (Perkin, G. J. 21, 197 ; 
32, 90).— 3. By heating di-chloro-acetio ether 
with water (Fischer a. Oeuther, J. Z. 1, 17). — 
4. By boiling silver di-chloro-acetate jwdth water 
(Beckurts a. Otto, B. 14, 681). — 5. heating 

silver bromo-glycollate witlf ether in sealed tubes 
there is formed an amorphous substance (? gly- 
oxylic anhydride) which is converted by boiling 
water into glyoxylic acid (Perkin a. Duppa, C. J. 
21, 197).- 6. By heating dry silver di-chloro- 
acetate at 80“ there is formed an oil CJI.Cl^O^ 
which is split up by water into glyoxylic and di- 
chloro* cetio acids (Beckurts a. Otto, B. 11, 580). 

Preparation , — 1. Di-brorao-acetio acid (Ipt.) 
is heated with water (lOpts.) for 24 hours at 
135° (Grimaux, Bl. [2] 26, 483).— 2. 220 g. of 
alcohol of 80 p.c. are poured into a tall«arrow 
Dask capable of holding about l.^lb. of water; 
100 g. of water are introduced below the alcohol 
by means of a funnel •having its neck finely 
drawn out ; and below this are poured 200 g.^ 
of red fuming nitric acid, so that thf three licpiids 
may remain one above the other apd mix as 
little as possible at first. The whole is left for 
six or eight days, at a temperature of 20°-22°C., 
till thd liquids have become completely mixed, 
and the resulting nitrite of ethyl has volatilised. ' 
The residual liquid— containing nitric, acetic 
and formic acids, compound ethers, glyoxal and 
other aldehydes, glycollio acid and glyoxylic acid 
—is evaporated to a syrup over the water-bath 
in portions of 20 to 80 g. ewh ; the residues, con- 
taimng oxaliei glycollio, and glyoxylio aoidi» 


together with the less volatile Aldehydes, are 
dissolved in small quantities of water ; the 
united sdlutions are neutralised with chalk ; the 
neutral liquid is mixed with an equal volume of 
alcohol ; and the resulting pp. of calcium-salts 
pressed and repeatedly boiled with water. The 
aqueous extract yields crystals of glyoxylate of 
ealcium, and a further quantity of &is salt may 
be obtained by dbneentrating the mother-liquor. 
The subsequent mother-liquors yield a double 
salt of glycollate and glyoxylate of calcium, and 
the last contain glycollate of calcium (Debus). 
7,500 c.c. alcohol yield 308 g. glyoxylio acid (B6t- 
tiiiger, A. 198, 207). 

Properties.— Thick syrup (S.G. 1-3), which 
crystallises over in trimetrio prisms con- 

taining aq, ana which may therefore be looked 
upon as orthoglyoxylic acid CH(OH) 2 .CO.^. V. 
sol. water. When strongly heated it gives off 
acid vapours, leaving a carbonaceous residue. 
Volatiie with steam. Its calcium salt reduces 
boiling ammoniacal silver nitrate forming a 
mirror. Glyoxylic acid forms compounds with 
NaHSOj, witli H.B, and with NH,. An aqueous 
solution of calcium glyoxylate is ppd. by excess 
of lime-water, and the pp. Ca, (0,11,0,), is con- 
verted by boiling water into a mixture of glycol- 
late and oxalate. When a solution of calcium 
glyoxylate is mixed with aniline oxalate, and the 
liquid is filtered from calcium oxalate, a colour- 
less solution is obtained, which, when boiled or 
even when left to itself for a few hours, deposits 
a bright orange-coloured precipitate (Perlun a. 
Duppa). Aniline (75 g.) acts upon syrupy gly- 
oxylic acid (42 g.) forming PhN:OH.COj^, and 
its aniline salt FhN:CH.CO.^NPhH,;*the aniline 
salt is converted by long boiling with water into 
a red powder C„.H,..N.p, (Bbttinger.A. 198,222). 
The barium salt (PhN:CH.CO.J.^Ba is v. e. sol. 
water, insol. alcohol. Phenyl-hydrazine solution 
gives a pp. in an aqueous solution of glyoxylio 
acid. 

Beactions.- X. Zinc is dissolved by glyoxylio 
acid, the acid being rediwed to glycollio acid. — 
2. Nitric acid oxidises it fo oxalic acid.— 8. PBr, 
forms di-bromo-acetyl bromide (Perkin a. Duppa, 
C. J. 21, 197).— 4. PClj acting oi^e potassium 
salt KA'aq forms di-chloro-acetyl chloride, KCl, 
di-chloro-acctic acid, and free glyoxylio acid 
CHO.COH (Beckurts a. Otto, B. 14, 1619).— 
5. Boiling aqueous KOH fonns glycollio and 
oxalic acids (Bdttinger, B. 13, 1932).— 6. By 
treatment with potassium ^amde and boiling 
the product with baryta there ioormed tartronio 
acid CO.,H.CH(OH)i.CO,H. — 7. Tolylene-o-^- 
amine on boiling with Vialcium glyoxylate forms a. 

crystalline acid C,H6<^jj^C.COj^aq? si. sol. 

water, v. sol. alcohol, and decomposing at 160® 
(Hinsberg, A. 237, 358). 

Salts.— Witjj; the excepuodTof the ammo- 
nium and potassium salts, these might equally 
well be described as salts of ortho-glyoxylio aoi(L 
— NH 4 A': small prisms, v.sol. water (Perkin ; c/. 
Engel, C. B. 98, (ttS). Its concentrated solution 
turns yellow when boiled. Giv^s pps. with AgNC^ 
with Pb(OAc)„ and with CuSO, — KA'; p]^. as an 
oil by adding alcohol to its aquBons solution ; so* 
lidifies after a time. Insol. aloohoL-r-BaA's 4^ : 

. small white crystals; partly resolved by IwiUng 
water into glyoollate and oxalate.— CaA^Saq ; 
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Ihin neodlM bard prison. 8. *57 at 8^ !t 
does not ^ve off water at 170^, but 180^ it 
giTes off water and OOj, leaving glycwlate and 
oarbonate.~Ca,(O.H,0,),.-~CaA', 4aq : gelati- 
none pp. got by adding aloohol to tne aqueous 
solution.- (0^.(NH,), 2aq.-(CaAg.(NH,), : 
formed by adding ammonia to an aqueous solu- 
tion of calcium glyoiylate at 60®.— Pb(OH)A^-*- 
Zn(OH)A'aq : white crystalline'pp. got by adding 
a cone, solution of calcium glyoxylate to zinc 
acetate. — AgA'aq: white crystalline powder ; si. 
sol. cold water.— (AgA04(NH,)3 (Debus). 

Combinations with bisulphites . — 
NaA'NaHSO,: formed by adding a cone, solu- 
tion of NaHSO, to one of glyoxylic acid. Crys- 
tals, V. sol water.— (CaA',j2C^(SO,H)2lOaq: 
formed by passing SO, into water, in which cal- 
cium glyoxylate is suspended.— Calcium gly- 
ozylate and glycollate 
(Ca(0,H0,),)2Ca(C,H jO j) j 4aq.— C alcium gly- 
ozylate and lactate 

Ca(0,H0,)2Ca(C,HA),aq. 

Fhenyl-hydraside 0,H,NH.N:CH.CO,,H. 
Formed as a pp. of fine yellow needles by adding 
a solution of phenyl-hydrazine hydrochloride to 
an aqueous solution of glyoxylic acid (Fischer, B. 
17, 677). Yellow needles. Decomposes at 187®. 
Sol. aloohol and hot water. 

Phenyl ethyl hydraside 
O^jNEt.NiCH.COjH. Ppd. by adding phenyl- 
ethyl-hydrazine hydrochloride to a dilute solution 
of calcium glyoxylate acidified by HCl (Elbers, 

A, 227, 840). 'Wbite needles, m. sol. hot water, <| 
V. sol. alcohol and acetic acid. 

OrtboglyoxyUo acid CH(OH),.CO^. This 
is perhaps the true formula of glyoxylic acid. 

Di‘ethy I -derivative CH(0Et)2.C0.2H. 

Vormation.—l. From tetra-chloro-ethylene 
and NaOEt at 100°-120® (Geuther a. Fischer, 
/. 1804, 816).— 2. By boiling di-chloro-acetic 
acid (18 pts.) with alcohol (90 pts.), in which 
sodium (10 pts.) has been dissolved (Sebreiber, 
Z. 1870, 167). 

Properft^.— Unstable oil ; split op by boiling 
with HCl into alcohol and glyoxylic acid. — 
-nOJ,: deliquescent amorphous mass.— 
uk.iO.: zc. sol. water. 

itnyX ether of the di-ethyl deriva- 
tive CH(OEt)*.€0,Et. (199° cor.). S.G. is 
•994. Formed from CH(OEt)j.COjNa and EtI at 
120° (Schreiber, Z. 1870, 167). Formed also by 
heating glyoxylic acid with alcohol at 120° (Per- 
^kin, B. 8, 18^ Obtained by passing HCl into 
a lolation of in dry alcohol (Pinner a. Klein, 

B. 11, 1476). 

Isobutyl ether ^ the di-isobutyl 
derivative CH(OC4BLi),COyC,H,. (251°). 
Formed by passing HCl into a solution of dry 
HCy in isobutyl iJcohol (P. a. E.). Oil. After i 
saponificatio^t g? ves the salt CH(OC4H,),.CO,Ag, 
which crystamses in small n/'edles, sL sol cold 
water. 

Amide of the di-ethyl derivative 
OH(OEt)rCONHr [77®]. (Schreiber, B. 1870, 
168); [82^ mmtt a. Klein, «. 11, 1477). From 
OH(QEt),.CO,Bt and cold alcoholic NH,. Ta&les 
or needles (by ^blimation). Y. sol watw and 
aloohol). 

Amide of the di’i*obutyl derivative 
OmOG4H«)^OONH«. Ooratalliiia (B. 

#» it). 


Jii/flfence.— CHLORo-OLTOituo jtHaai 
GLYOXYIYL CYAHIDE xOHO.CO.CN. 
Phenyl-hydraside CHO.C(N,HPh).CN. 
[161°]. Formed by the action of a concentrated 
solution of hydrochloric acid upon the di-oxim 
of the phenyl-hydrazide of mesoxalic aldehyde 
CH(NOH).C(N,HPh).CH(NOH) (Von Pechmann 
a. Wehsarg, B. 21, 80o0). Sulphur-yellow nee- 
dles, insol. water, -sol other solvents. Decom- 
posed on melting. Cone. HjS04 forms a yellow 
solution not affected by FeCl,. Boiling HIAq 
liberates aniline. When its dilute alkaline solu- 
tion is uofired into a neutral solution of diazo- 
benzene chloride there is formed 0,HaNjO(N,Ph) 
[168°] which crystallises from alcohol in brown 
plates, insol. alkdlis. 

Oxim of the p}ienyl -hydra side 
CH(N0F).C(N2HP£).CN. [240°]. Formed by 
treating the preceding with hydroxylamine hy- 
drochloride in alcoholic solution. Lemon-yellow 
difficultly soluble needles, decomposed by fusion. 
Its solution in H,S04 is not effected by FeCl,. 

Di-phenyl hydraside 
CH(N,HPh).C(N2HPh).CN. [161°]. Formed by 
the action of phenyl- hydrazine on a hot alco- 
holic solution of the monophenylhydrazide 
CHO.C(NjHPh).CN (Von Pechmann a. Wehsarg, 
B. 21, 8000). Orange-red needles, decomposed 
on fusion ; sol. alcohol and HOAo, si. sol most 
other solvents. The solution in HgSOi is not 
affected by FeCl,. FeCl, or K^CrgO, acting on its 
solution in dilute HOAc forms the ‘osotetrazone* 

I ^CCy’N NPh^* which crystallises in bronzed 
hair-like needles, melting, with decomposition, 
at 187°. 

i The corresponding acid c 

CH(N.2HPh).C(NjHPh).C02H [203°] is formed by 
treating di-bromo-pyruvic acid with phenyl 
hydrazine (Nastvogel, A. 248, 86). |)-Tolyl 
hydrazine and (a)-nsphthyl hydrazine form 
I similar acids, melting at 188° and 196° respeo- 
i tively. 

Phenyl-meth^l-hydraside 
CHO.C(N2MePh).CN. [114°]. Prepared from 
CH(NOH).0(N2MePh).CH(NOH) by treating its 
solution in acetone with cone. EClAq. Con- 
verted by phenyl -hydrazine in acetic acid solu- 
tion into CH(N2HPh).C(N2MePh).CN [181°], 
which forms yellow plates. Aniline produces 
the compound CH(NPh).C(NjjMePh).C«, which 
crystallises from alcohol in slender yellow 
needles [161°]. 

Oxim of the phenyl-methyl-hydra- 
f*de^H(NOH).C(N8MePh).CN. [178°]. Formed 
fiOm the preceding and hydroxylamine. Yellow 
needles. Boiling acetic anhydride forms 
OH(NOAo).G(N^ePh)»CN, which orystallises 
from aloohol in yellow needles [122°]. 

GLYOXy;LYL UBEAC,H4NjO,t.«. 
N£[,.CO.^H.GO.GHO. The potassium salt is 
formed with evolution of GO,, on adding acetic acid 
to a solution of the potassium salt of ozonicacid 
04H,N,04 (Medicus, A. 175, 280; B. 9, 1162; 
10, 644). Thick shining needles, sF. sol. cold, v. 
sol hot, water.— KA': crystalline powder.— 
AgA': amorphons powder. 

Isomeride v. ALUiimBZo lom. 

OHOSOOPnrS [2S8^. S.(oold 

alcohol) '07. An alkmoid obtained from the 
aothec-liquors in the purification d natvelne 
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Smith, Ph, [8] 9. 82). Sol chloroform 
and OS„ si. sol. benzene. Insol. aqueoas or 
alooholio NaOH. Dissolves in acids. The solu> 
tion in oono. H,S04 is yellow, turned crimson by 
a trace of KNO,. A solution of the hydrochloride 
gives a buff-coloured pp. with platinio chloride. 

ClOA FOWBSB V . Chbysamobin, p. 173. 

GOLD. Au (Aurum). At. w. 196*85 (Thorpe 
a. Laurie, C. J. 61, 566, 866). At. w. 196 04 
(Krtlss, B. 20, 206, 2365). Mol. w. unknown. 
[1045°] (Violle, C. 22. 92, 866) ; [1240°] (Riems- 
dyck, 0. N. 20, 23 ; for other determinations v. 
Camelley’s Melting and Boiling -point^TabUs). 
8.G. fg 19-3 to 19*33 (G. Rose, P. 73, 1). S.H. 
0°-100° *0316 (Violle, C. B. 89, *702); 12°-98° 
•08244 (Regnault, A. Ch. [2] 73, 1). C.E. at 40° 
•00001443 (Fizeau, C. 22.*^«, 1125) ; 4° to 100° 
•0000147 (Matthiessen, Pr. 16, 220). T.C. 53‘2 
(Ag •= 100) (Wiedmann a. Franz, P. M. [4] 7, 33). 
E.C. at 0*- 43-84 to 44-62 (Eg at 0°-l) 
(Matthiessen a. Von Bose, T. 162, 1). For 
description of emission-spectrum v. de Bois- 
baudran’s Spectres Lumineux. , 

Gold has been known and used from pre- 
historic times. The names by which the metal 
is known in different languages generally express 
the property of brightness. The meth(^ of sepa- 
rating gold by amalgamating it with mercury is 
fully described by Pliny. 

Occurrence.— Gold is found native, gene- 
rally more or less alloyed with Ag. It occurs in 
the crystalline, the compact metamorphic, theal 
trachytic, and trap, rocks, and in alluvial soils. 
The greatest quantity is obtained from alluvial 
deposits ^rmed by the disintegration of ancient 
auriferous strata. Gold is most abundant in 
Europe in Hungary and Transylvania; but it 
occurs in small quantities in very many primi- 
tive mountains or in the sands of rivers issuing 
from such mountains, e.g. in the southern slopes 
of the Alps, in North Wales, in th^ Scottish 
Highlands, and in the Ural mountains. It is 
also found in fair quantities in Brazil and Chili, 
and other parts of S. America ; abundantly in 
California, and parts of Australia, and in British 
Columbia. ' The purest specimens of native gold 
contain about 99p.c. Au. The Californian gold 
averages from 87-5 to 88-5 p.c., and the Austra- 
lian from 96 to 96-6 p.c. Au. 

Extraction of Qold. — (l) By washing 
away the earthy particles with water. 
This is effected on a large scale in California by 
means of a head of water rushing through a 
pipe with a narrow nozzle. Sometimes the sands 
of an auriferous stream are washed in a wodtten 
cradle^ which is rocked by hand. (2) By 
amalgamation. Tift richer gold-containing 
rooks are crashed and mixed with mercury 
whereby an amalgam of Au anddg is formed ; 
this amulg am is separated from ethe earthy 
matter a^ heated in specially constructed iron 
retorts; the gold remains and the* Eg is re- 
covered. Poorer ores are washed before amal- 
gamation!" (8) By smelting. Ores which oon^ 
tain gtna ll quantities of Au mixed with Cu and 
Pb, and sulphides, are sometimes roasted, and 
theh mixed with quarts and smelted ; the mass 
is powdered and treated with dilute l^SO^Aq; 
the resid^ ii mixed with fresh quantities of o^] 
and the tl^tmenl is repeated; when a fair 


quantity of Au has aooumulatedPln the resida 
it is boued with oono. EgSO^ to dissolve Ag, On 
(ko., andithe insoluble matter is subfeoted to i 
process of parting, (4) By wet processes 
The principal process is that based on convert 
ing All into soluble AuOl, by treatment with Cl 
The ore is thoroughly roasted to remove S, As 
nnd Sb ; the moistened residua is then treatec 
with Cl which fnust be free from ECl ; on ad 
dition of warm water, the AuCl, dissolves ; th< 
Au is ppd. generally by ferrous sulphate. ^ Ji 
whatever way the Au has been separated it if 
usually still alloyed with Ag ; this is separated 
by parting. Sufficient Ag is added to ensure 
the presence of 5 parts Ag to 2 parts Au ; the 
alloy is gran^ated and treated with pure nitric 
acid in whicn the Ag dissolves, while the Au 
remains insoluble. Or the alloy, which should 
contain from 19 to 25 p.c. Au, is treated with 
hot cone. HoSO, ; Ag dissolves and Au is in- 
soluble. The treatment with HNO, or HjSO^ il 
repeated ; the Au is washed and melted with 
borax and nitre. For details of these and other 
processes of gold extraction v. Diotionjlbt Of 

TECHNICAL CHEMISTUY. 

Preparation. — Au may be obtained from any 
alloy with Ag in which it is present by treating 
with a mixture of 2 measures of oonc. HClAq 
and 1 of cone. HNO,, filtering, evaporating at 
100 ° until acid vapours are no longer evolved, 
dissolving the residue in warm water acidulated 
with HCl, filtering, and ppg. Au by addition of 
FeSO^Aq. Or an alloy of Ag and Au, or of Ag, 
Cu, and Au, containing not more than 20 p.o. 
Au, may be granulated, heated with 2^ times its 
weight of HoSO^Aq S.G, 1-816 in a^^t vessel as 
long as SO.^ is evolved, boiled with a little more 
H.^SO,Aq S.G. 1-65, and allowed to settle ; the 
liquid is then poured off and the treatment with 
S.G. 1-816 is repeated once or twice; 
finally the residual Au is washed and dried. 
Kruss {A. 238, 30) prepared pure Au, for his 
determination of the atomic weight, by dissolving 
the purest commercial An in aqua regia, evapo- 
rating to dryness at 100° with HCl, dissolving in 
water, diluting largely, and filtering; he then 
ppd. the Au (1) by SOj, followed by washing with 
HClAq and water, drying at 180°, digestingwith 
cone. H2SO4 in a Ft dish, washing with hot 
water, drying, fusing (in Ft) with EHSO4 (to 
remove Fd), then fusing with KNO, (to remove 
Ir), redissolving in aqua regia, and reppg. by 
SO,. By method (2) the An -v^as ppd. from the 
dilute AuOl, solution by oxalic acid ; in metb^itt. 
(3) the pptant. used was FeCl,. In each OMe the 
Au was washed, dissolved in aqua regia, 
reppd. by SO,, again washed, and redissolved in 
aava regia, and finally ppd. by oxalic aoid* 
Thorpe a. Laurie (C. J. 61, 670) prepared pijre 
Au, from old assay cornets, dissolving in <ipta 

regia, evaporating to remove excess of nitrio 
acid, diluting with much water, allowing to settle 
for several weeks, pouring off from traces of 
A^lf ppg* by SOj, and boiling the pp. with water 
tm every trace of 01 was removed. 

• Au is the only metal of a veD^ 

colour; in thin sheets it appears greenish by 
transmitted light. 2Ui ppd. from solution ,hF 

yeww to reddish, powder* An omtalIiii^;jbh| 
regular forms chiefly ooUhedra and aodecahef|ii»| 
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Aq is softer than Ag bat harder than Sn. When 
pure, Au is the most malleable of ^ metals, 
sheets *0001 mm. thiok have been obtaiirod. The 
dnotiUty of Au is nearly limitless ; a grain of 
An has been drawn into a wire 500 ft. lonu. Au 
is not oxidised by heating in air ; it is voMilised 
and perhaps partit^y oxidised when a strong 
eleotno current is passed through thin leaves of 
wires. Insoluble in HNO,, cone. HClAq, or 
HjSO^; dissolved by aqua regia. Cl and Br 
combine direct with Au forming AuCl^ and 
AuBr, respectively ; the metal also combines 
directly with P ; and it forms alloys with several 
metals (v. tn/ra, Allots). Compounds of Au 
are generally easily decomposed by'heat, yielding 
Au. Purple of Cassim is probahty a mixture of 
SnOj with Au (v. Tin, oxides of). 

Goldis distinctly and decidedly metallic in its 
physical properties ; but in many of its chemical 
relations it belongs to the non-metals. The com- 
position of the aurous compounds Au^, Au.,8, 
AuCl, (fee., marks the resemblance between Au 
and the alkali metals ; the solubility in water of 
AujS and AujO emphasises this resemblance. 
The marked instability of the salts of Au, the 
acidic character of the hydroxide AuOjHj.of the 
sulphides Au.^S and AuS, and the existence of the 
acids HAuCl^ and HAuBr^, mark the analogy 
between Au and the non-metals. In the classili- 
cation based on the periodic law, Au is placed 
both in Group I. which contains the alkali metals, 
and in Group VIII. which contains the metals 
Fe Ni Co and also the Pt metals. Au is the first 
member of series 11, in which it is followed by 
Hg, Tl, Pl;^, and Bi; these four elements are 
decidedly metallic, but both Pb and Tl form 
salts in which they play the part of negative 
elements. (For a further discussion of the 
chemical relations of Au v. Copper group of 
XLEtfBNTS, p. 250.) 

• The atomic weight of Au has been determined 
very carefuUy by Thorpe a. Laurie, from (1) the 
ratio Au:KBr, and (2) the ratio AurAgBr ; the 
salt used was KAuBr^ J". 61 , 505, 806). Kr iiss 
(B. 20, 205, 2865) has also determined the at. w. 
from analyses of KAuBr^, and, also of AuCl,. 
(For an account of older determinations v. paper 
of Thorpe a. Laurie.) 

AUotropic form o/GoW.— According to Thom- 
sen {Th. 8, 398) the Au ppd. by 80^Aq from 
solutions of AuBr, differs from that ppd. from 
AaCl«Aq ; the thermal measurements of the two 
reduction-procerser show, accordingto Thomsen, 
that Au p^. from AuBr, possesses energy equal 
to 3,210 gram-units of hqat, per 197 grams of 
gold, more than the Au ppd. from AuCl,. 

Gold, alloys of. Gold alloys with most 
metals. The alloys which are of most technical 
importance are those with copper and silver. 
Pure Au is tocwiofbfor making jewellery, watches, 
coins, dc. ; alloying it with Cu increases the 
hardness, and produces a redder colour than that 
of pure Au. Moying with Ag gives a lighter 
colour. Alloys of Au with Cu and Ag are more^ 
CuaiUe than pure Au. The smndard coinage of* 
the United Kingdom is 11 Au to 1 Cu. Au 
forms amalQarm^ with Hg. By dissolving 1 pt. 
Au in aoout 1,000 pts. Hg, pressing through 
chamois leather, and treating the residue with 
fiNO,Aq, a solid amalgam approximating to the* 
'oomposition Ao^Hg is said to be obtained 


(Henry, P. If. (4) 0, 468). An amalgam, 
approximately Au,Hg„ is found native in 
California. Another amalgam, approximately 
AgjAugHgjp, is found in New Granada. The pasty 
amalgam of 2 pts. Au with 1 pt. Hg is sometimes 
used for gilding articles of copper and bronze. 
The surface of the article is cleaned thoroughly 
by heating and immersing in dilute HjSO^Aq, 
it is then amalgamated by rubbing with 
Hg(NO,).^Aq, and then pressed on the pasty 
amalgam of Au ; the Hg is then driven off by 
heat, and the surface is polished. Copper may 
also be gilded by immersion in boiling AuCl,Aq 
to which an alkaline carbonate has been added. 
The process of gijding generally consists in de- 
positing Au from solution of the cyanide in 
KCNAq by an electric;, current, the object to be 
gilded bofng made me negative pole, while the 
positive consists of a bar of gold (v. Diotionabt 

OF TECHNICAL CHEMISTRY). 

Gold bromides. Aurous bromide AuBr, and 
auric bromide AuBr,, have been isolated, and, 
according to Thomsen, a third bromide AuBr, 
also exi!:ts ; as none of the bromides has been 
gasified, the above formulas may or may not be 
molecular. Thomsen gives the following ther- 
mal data {Th. 3, 412) [Au, Br]= -80; [Au, Br>] 
= 8,850;' [Au, Br», Aq] = 5,090; [AuBr», Aq] 
= - 8,760 ; [AuBr’Aq, 8 HClAq] = 4,280. AuBr, 
combines with HBr to form HAuBr, [v. infra). 

Aurous bromide AuBr (or Aii^r.). 
HAuBrj.SHp {v. infra) is placed in a porcelain 
basin, the bottom, but not the sides, of which is 
gently heated ; the salt melts and then evolves H,0 
and Mr ; the dish is then kept in a drying oven 
at 115° until the colour is yellowish-grey (Thom- 
sen, Th. 3, 390). AuBr is described b/Thomsen 
as a greyish-yellow body with a talc-like appear- 
ance, unchanged in air and insoluble in water ; 
decomposed somewhat above 115° into Br and 
Au ; reacts with HBrAq to form HAuBr, and 
Au. 

Auro-auric BROM^pE AuBr, (or AuBr.AuBr,). 
Accordingto Thomsen {Th. 8, 886), this com- 
pound is produced by treating Au which has been 
reduced by SO.^q and dried at 170° with excess 
of Br, removing the excess of Br by tilting 
the vessel, powdering the residue, and again 
treating with a little Br. Thomsen describes 
AuBr, as a compact, almost black, nru-deli- 
quescent, mass ; at o. 115° it is decopiposed to 
AuBr and Br; it dissolves slowly in water to 
form AuBr and AuBr, ; it is decomposed rapidly 
by acids and also by anhydrous ether into AuBr,, 
which "flissolves, and a residue, probably AuBr, 
wfiich slowly decomposes to AuBr, and Au. 
According to Kriiss a. Schmidt {B. 20, 2684) 
AuBr, does not exist. * 

Aurio bromide AuBr,. Ppd. Au is dissolved 
inBrAq,or b^vter in HBrAq containing HNO„ and 
the solutidh is evaporated at a low temperature. 
Thomsen {Th. 8, 887) recommends to treat 
AuBr, with anhy^ous ether, which is kept cold 
by the passage through it of a current of air, and 
then to evaporate the cone, solution thus ob- 
tained by sucking a rapid current of air through 
it (if temperature is not kept low, reduction of 
AuBr, takes place), to allow the residue to stand 
over hme until dry, then to powder and dry at 
70^. AuBr, is a dark-brown, non-deliquescent,- 
powder ; soluble in water and ether ; the fdltt- 
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wvua wueu ogao. are nearly black. AuBr^Aq is 
partially reduced by boiling ; SOjAq forms AuBr 
and then Au. AuBr, combines with HBr to 
form HAuBr* (v. infra). 

AuBO-pOMHYDEIO ACID HAuBr^.SHjO (Awo- 
bromicacid, Bromo-auricacid. Hydrogmbromo- 
aurate). Pinely divided Au is treated with excess 
of Br ; when the reaction is completed, HBrAq 
S.G. 1*88 is added in the proportion of 100 g. to | 
every 100 g. Au used, and then enough Br is | 
added to dissolve completely all the Au; the j 
liquid is poured into a porcelain dish which is j 
allowed to stand in a cool place. La^ge, dark, j 
vermillion-red crystals soon separate ; after an 
hour or so the mother liquor isb poured off, and 
the crystals are dried at a tftnperature not ex- 
ceeding 20®. The crystals melt at 27® ; they are 
unchanged in ordinary air. ^AuBr^Aqtts reduced 
to Au by SOjAq {Th. 3, 369). Thomsen (TA. 3, 
411) gives the thermal data : [AuBr’Aq.lterAq] 
= 7,700 ; [AuBr*. HBrAq] = 3,880 ; 

[AuBr®, HBr, 6H®0] ==35,280; [Au, Br», HBrAq] 
-■= 12,790 ; [HAuBr <Aq, 4HClAq] - -510 ; 
[SAuBr, HBrAq] = 3,050; [AuBr^Aq, ,2SO-Aq] 
= 61,790; [HAuBrh 611,0, Aq]= -11,400. 

Aurobromate of potassium KAuBr,. 
Potassium bromo-auratc. Monoclinic crystals ; 
o:5:c = *79688:1: *361 ; )3 = 85® 34' % (Schott- 
lander, A. 240, 346). Prepared by dissolving a 
mixture of finely- divided Au and KBr, in the 
ratio Au:KBr, in excess of Br with addition of 
a considerable quantity of water, evaporating, 
and crystallising from water (Thorpe a. Laurioi 
C. J. 51, 671). The salt is decomposed by heat 
to Au and KBr. According to Kriiss (H. 20, 2365) 
KAuBr, cannot be obtained perfectly free from 
traces of* Au ; but this is denied by Thorpe a. 
Laurie {G. J. 61, 866). The salt in solution is 
very easily partially reduced. 

Gold chlorides. Two chlorides AuCl and 
AuCl, certainly exist *, Thomsen says that a third 
Bhloride, AuCL^, is also produced by tjjfe reaction 
between Au and Cl ; this is denied by Kriiss, 
but re-asserted by Thoftsen. The formula! 
SluCI, Au 01„ and AuCl, are the simplest that 
!an be given *, but as the compounds have not 
)een gasified these formulas are not necessarily 
nolecular. 

Aubous ohloridb AuOl, Best prepared ao- 
lording to Thomsen {Th. 3, 386) by heating 
ImClfto 186®. Yellowish-white powder; insol. 
vater, but decomposed by water, quickly on 
mating, to Au01,Aq and Au. [Au, Cl] = 6,810; 
3AuCl, HClAq] = 4,980 {Th. 8, 411). 

Aubo-aubio ohloridb AuClj (or AuCi.AuCl,). 
Thomsen {Th. 8, 883) describes this compiRind 
8 a hard, dark red, very hygroscopic, solid ; de- 
omposed by water to •AuCl and Au01,Aq; de- 
omposes at o. 260® giving some AuCl*; pr% 
ared by leading dry Cl over Au |)pd. by SOj^q 
:om AuCljAq, the reaction bein^ started by 
entle heating and then allowed to proceed until 
11 the Au is changed to AuCl, {Th. 8, 383 ; v. also 
homsen, J. pr. [2] 37, 106). Kruss a, Schmidt 
B. 20, 2684 ; and also J. pr. [2] 38, 77) asserf 
lat the products of the action of Cl on Au are 
mixture of An and AuCl,, and that no And, 
produced. 

Krfifls (B. 20, 211) says that when finely- 
ivided Au is heated in dry Cl to 140® anro«« 
trio chloride is produced ; at 180®-190® thia 


is decomposed with formation^of AuCl and a 
Httle AuCl, *, at 220®-230® a little more AuGL 
is obtaAied and the AuCl decomposes to Au and 
Cl, and that the Au thus produced remains un< 

I changed in the Cl ; on cooling these reactions 
' are reversed. Butina subsequent memoir Kriiss 
a. Schmidt say that the only products of the 
* reaction of Au with Cl are AuCl and AuCl,, and 
finally AuCl, a&d Au. 

Aurio chlokidk AuCl,. Formed by dissolv- 
ing Au in aqua regia, evaporating, and crystal- 
lising, and drying on a porous tile over cone. 
H,S04 for several days. A purer product is 
obtained by evaporating the solution in aqua 
regia to dryness, heating the residue to 186® so 
I long as Cl is evolved, decomposing the AuCl 
! thus formed Dy a very little hot water, allowing 
to settle, decanting from Au, and evaporating to 
! dryness the cone. AuClsAq thutf obtained over a 
flame arranged so that the bottom and not the 
sidegtof the vessel is kept hot ; when the residue 
is heated to 160® pure AuCl, is obtained. Thom- 
sen {Th. 3, 384) recommends to treat AuC^ 
instead of AuCl with water in the manner di- 
rected. If cone. AuCljAq is evaporated to the 
crystallising point, and then allowed to stand in 
dry air, large orange crystals of the hydrate 
AuClj.2H,0 separate; these are dehydrated by 
standing on a porous tile over cone. H^SO, for 
some days {Th. 3, 386). AuCl, is also formed 
by heating finely-divided Au in Cl h. supra), 
Lindet (G. B. 101, 1492) recommends to heat 
Au in Cl in presence of AsCl,, SiCI,, SbCl„ SnCl,, 
or TiCl, ; AuCl, is formed and dissolves in the 
other chloride, but separates in crystals on cool- 
ing. • 

Aurio chloride crystallises in large red-brown 
leaflets; it is very deliquescent, and dissolves 
in water with production of heat. AuCl,Aq is 
easily reduced ; Au is ppd. by P, many metals, 
FeSO^, H,C,04 , AsjO,, Sb,0„ and by orgapio 
matter; reduction also occurs by the action of 
light {v. Foussereau, C. B. 103, 248) ; AuCl,Aq 
is not reduced by pure NaOH, but if organic 
matter is present reduction occurs (Kriiss, A, 
237, 274). AuCl, dissolves in hot AsCl,, SiCl,, 
SbClj, SnCl„ and TiCl„ but separates again on 
cooling. When Au is heated with SHI, the«com- 
pound AuCl-i-SClj is formed; and when Au is 
heated with SeCl, dissolved in molten AsCl,, and 
Cl is passed in, the compound AuClj.SeCl^ is 
produced (Lindet, C. B. 101, 1492). AuCl, com- 
bines with HCl to form HMCL (^u. infra). HBi 
reacts with AuCl, to form HAuCh, HAuBr,, and 
HCl {Th. 3, 410). Thomsen {Th. 8, 411) gives 
the thermal data [Au, Cl*] =• 22,820 ; [AuCl*, Aq] 
-4,460; [Au, Cl»,Aq]- 27,270 ; [AuCl*.2H'0,Aq] 
- — 1,690 ; [AuCBAq, 4HBrAq] = 15,210. 

AuRo.cniiORHYDRiaAOiDHAuCl4.4H,0. {Aurth 
chloric acid. Chloro-auricofjM. Hydrc^enehlotp^ 
aurate). Long^ yellow needles, Conned by dis- 
solving Au in aqua regia, adding a large excess 
of HCl, evaporating to a s^p, and allowing 
to crystallise. Also by oissolving AnCA^Aq 
in HClAq aiM evaporating ; in ^ air 
SAuCl4.8^0 is formed [Th. 3, 407). HAiftA^ 
is also formed, along with HAuBr, and Hd, 
when excess of BCBrAq is Added to AoOLAq 
{Th. 8, 410). [AuCl’Aq, HOlAq] «4.680 ; [An* 
Cl», HClAq] - 81,800; [AuCl*, HOl, 
m 82,130} [AuCl'Aq, 4HBrAq] « 
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{HAuOl^Aq, 15,800; 

[HAnai*.4HH)M]" -5,850; jmaCa<. 8 H* 0 ,Aq] 

-* ->8,550. C 

Ammonium auro-chloraiot (NH4)Aii0l4 
(Ammonium chloro-aurate}. By dissolving 
NH4OI in AnOl^Aq stroi^ly acidified with HCl, 
and evaporating, monoolinio yellow tablets are ob- 
tained, having the composition 4NH4AaCl4.5H20;« 
itihese are dissolved in water and re-crystallised 
rhombic plates are formed 2NH4AUCI4.5H2O. 
Both salts are dehydrated at 100*^. 

Potassium auro-chlorate or chloro- 
aurats, KAuOl,. Formed similarly to the NH, 
salt ; crystallises in yellow needles, 2MUOI4.H2O ; 
the crystals effloresce in the air; «vhen heated 
they melt with evolution of Cl, tmd the liquid 
solidifies to EAuGl,. 

Sodium aurO‘Chlorate or chloro- 
auratOt NaAa0l4.2H20. Formed similarly to the 
NH4 salt. 

Anrochlorates of Ba, Od, Ca, Co, Mg, Ma, Ni, 
Sr, and Zn have been «btamed by Yon Bonsdorft 
(P. 17, 261 ; 33, 64). 

Gold cyanides; and double cyanides, also 
anricyanidcB, v. pp. 331-2. 

Gold, fulminating, v, aubio oxide, in/ra. 

Gold hydroxides v. gold, oxides and 
BTDBOXIDES OX, tfi/ra. 

Gold iodides. Two are known, Aul and 

Aulj. 

Aubods loDiDB AuI. A citron-yellow powder, 
insol. cold, si. sol. hot, water. Formed by 
adding HIAq to Au-P,, I being set free in the 
reaction; or by adding an equivalent quantity 
of El in solution, little by little, to AuCljAq 
(Aud^q + SKIAq - Aul -f SKClAq -h 21). Decom- 
posed at 120^ to Au and I; decomposed by 
KOHAq with ppn. of Au. [Au,IJ- -6,520 (T/t. 
3, 412). 

Aumo loniDB Aul,. A dark-green pp. formed 
by adding AaCl,Aq, little by little, to EIAq. 
\^en less than AuCl, is added to 4KI 
a dark-green liquid is formed, and then a 
pp. whmh dissolves /on shaking; on then 
aading a little more AuCl,Aq the liquid is 
decolourised and Aul, is ppd. (probably 

(1) 4EIAq + Ai.Cl,Aq = 3KClAq KAuI^Aq and 

(2) 3CAul4Aq -1- AuCl,Aq = 3KCUq + 4AuI,). Aul, 
is very unstable ; exposed to the air it changes 
to Aul. It combines with HI, but little is kuov. n 
of the properties of the compound ; with El it 
forms ^ul^. 

PotassiUm^U.ro-iodats or iodo-aurate 
EAnI,. Black, lustrous, four-sided prisms ; 
formed by dissolving Aul, in EIAq, or by mixing 
AnI, and EIAq in the ratio AuI,:4EI, and al- 
lowing the liquid to crystallise. Soluble, with 
partial decomposition, in water. Decomposed 
by heat to Au and El (c/. Johnston, P. M. [3J 9, 
266). [Aa01»^q,8igAq] - 46,660 (Th. 3, 411). 

Gold, oxides and hydroxidestpi. Three oxides 
>f Au have been isolated : aurous oxide Au^O, 
wro-qsme oxide AuO, and auric oxide Au^O,. 
kuryUo hydroxide AuO.OH (or Au202(OH),) has 
)een obtained, and perhaps We or two other 
lydroxides intermediate, between AuO.OH aud 
UQA* There is still doubt as to the isolation 
>f auric hydroxide AuOA* Oxides of Au con- 
aining more 0 than AUjO, have been described, 
>ut according to Erfiss none of these exists (v. 

B. 19, 2541 ; references to older papers 


I are given 1^ Krfiss). The hydfate AoiO j£LO 
described by Baschig (i. 285, 841) does not edst 
! according to Eriiss. 

Aubous oxms AUjO. This oxide is best pre- 
pared by adding SOjAq, drop by drop, to 
EAuBr4Aq kept at 0° until the red colour just 
disappears, pouring off the liquid, warming the 
residual AuBr with EOHAq, washing the ppd. 
hydrated AujO with boiling water, and di^ng 
over PjO, (Eriiss, B. 19, 2643). Au^O is a 
greyish-violet solid ; when freshly ppd. it is some- 
what soluble in cold water, but is ppd. on boil- 
ing; alsQ slightly soluble in EOHAq; soluble in 
HClAq or HBrAq with separation of Au ; un- 
acted on by other acids ; decomposed at c. 260® 
to An and 0. v3olution8 of Au^O in water 
give a marked absorpjtion-spectrum (Eriiss, 1.6,). 
Baschig (A. 235, 341) describes bodies produced 
by reactions between aurous oxide and ammonia, 
and the same oxide and methylamine; when 
cone. NHgAq is added to Au^O suspended in 
water, a black explosive compound, NAu,.NH„ 
is obtained, and when this is boiled with water 
or dilute, acids triauramitie, NAu„ is produced ; 
NHjMe forms NMeAuj. 

Aueo-aurio oxide AuO (or AujO.Au20,). Ac- 
cording to Eriiss (B. 19, 2544) this oxide is best 
obtained /ly heating AuO,H, (v. infra) to 160°. 
AuO is described as a dark olive-brown powder; 
very hygroscopic, and must be kept over P,Oj 
^iiss; V. also Schottlander, A. 217, 312). 
Cone. KHgAq acting on AuO is said to form 
Ahe very explosive body sesquihydraurylami/M 
NH3.N(AuOH), (Baschig, A. 235, 341). 

Auric oxide AugO,. AuCljAq is obtained by 
decomposing 1 pt. AuCl with 50 pts. water and 
filtering; the liquid is heated to boiling and 
magnesia alba (not usta) is added until the red 
colour of the liquid disappears ; the pp. of 
AuOgH, is filtered off, suspended in 20 pts. water, 
and kept in contact with 10 pts. HNOgAq, S.O. 
1-4, for 12 hours ; the residue is then digested at 
100'’ lor 6 hours, with reversed condenser at- 
tached, with HNO3A4 and water as before ; the 
residue from this digestion is washed with hot 
water until every trace of HNOjis removed ; the 
AuOgHs is then dried and very carefully heated 
(? to under 100° ; the directions given by Eriiss 
are not clear). AUjOj gives off 0 at 0. 110° ; at 
160° AuO remains ; at 250° Au remains.. It is 
easily reduced to Au, 

When moist AUjO, is treated with excess of 
NHjAq, or when excess of NHgAq is added to 
AuClgAq and the pp. is suspended in boiling 
NHjAq/ or in water containing a little KOH, 
and then allowed to dry, a yellowish-brown 
solid, with a tinge of purple, is obtained, which 
explodes loudly when struck by a hammer or 
, when heated to a little above 100° ; the products 
of the decomposition are Au, NH,, N, and H,0. 
This substance is generally known &sfulminati/i%g 
gold. Dumas (A. Ch. [2] 44, 167) gave to it ths 
formula (AaN.NH,)2.dH20 ; this is confirmed by 
Baschig (A. 235, 841) for the body obtained by 
^the action of KH^Aq on AujO,, but B. says that 
the product of the action of NH,Aq on Au01,Aq 
is a mixture of the preceding auric diamim 
with auric wtidO’Ohloride, NH.AuCl. Dilute 
H,S04Aq with fulminating gold forms a ve^ 
I expbsive b<^y» (AuN,B(iJ»H,SOj (B.). 

ApBio BTDBoxmxs. Aooordmg to Krfisi (J9t 
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19, 254^ the normal hydroxide 
Au,0,.8]^0(nAu0,!l^) is obtained by ppg. 
AuCl^Aq oy magnesia alba, and removmg the 
excess of magnesia by HHO^q (for details v. 
supra, AUBio oxidx); ErUss does not say at 
vrhat temperature the pp. must be dried, nor 
does he give analyses. When this pp. is kept 
for some weeks over P^O, the hydroxide 
» Au 30,.H20 ( => Au 202.0^H2) is obtained (Krilss). 
Schottlander (A, 217, 312) failed to isolate 
AuOsHj; the nighest percentage of water he 
obtained agreed with the formula 2Aa20,.3H20, 
and the lowest with the formula Au^s.H-^O. 
Schottlander (Z.c.) by decomposing AUSO4 (v. 
Sulphates) by water obtained the compound 
SAuO.HjOf® AU5O2.O2H2). Aese hydroxides, 
or hydrated oxides, yield when heated to c. 
250° (c/. also Pelletier, A. Ch. [3] 15f 5, 113 ; 
Fremy, A. Ch. [3] 31, 478; Thomsen, Th, 

3, 391). 

Moist auric oxide {? AuOjHj) is a weak base ; 
it dissolves in cone. HjSO, and HNO^Aq but the 
solutions are decomposed by water with ppn. of 
hydrated AujOj. Schottltinder [A. 217, 312) 
obtained Au(NOj)s.HNOa.3Hp by dissolving the 
hydrated oxide in HNO^Aq, S.G. 1*492, at 20°, 
heating to 100°, separating from ppd. Au, and 
crystallising by surrounding by a freeiing mix- 
ture ; by heating this acid nitrate to above 73° 
he obtained the normal nitrate Au(N0,)j.a;H20. 
The same chemist obtained the sulphates 
AuO.HSO, and AuSO, from the nitrate. Hy- 
drated auric oxide dissolves in alkalis, and' 
from such solutions salts have been obtained 
known as aurates, e.g. KAuOa.iJH.^O. These 
salts are very easily reduced to Au (v. Auiiates, 
vol, i. p. 3C3). Thomsen {Th. 3, 411) gives the 
following thermal data : [AuO*H*,4HClAq] 
= 22,970 ; [AuO»H»,4HBrAql = 30,780 ; 
[AuO*H>,8HClAq] = 18,440 ; [AuO'H*,3HBrAq] 
= 29,080 ; [Au^O^H^O] = - 13,190. 

Gold phosphide Au^P,. A grey sqlid, S.G. 
6*67, formed by gently heaUng Au in P vapour ; 
decomposed by heat (Schroiter, W. A, B. 1849. 
801 )- * . , . 

Gold purple. A name given to purple of 
Cassius, which is probably a mixture of SnO.^ 
with finely divided Au (v. Tin, oxides of). 

Gold, salts of. Few compounds have been 
isolat^ produced by replacing H of acids by 
Au ; those which are known are very easily re- 
duced, like all the compounds of Au. The 
normal nitrate and sulphate Au(NO.,)3, and 
AUSO4 have been isolated (u. supra) ; also some 
basic nitrates and sulphates, and a few double 
salts, e.g» gold-ammonium sulphite and gdld- 
amnumium thiosulphate {v. Nitiutes, Sulphates, 
(fee.). * 

Gold selenlde. The pp. obtained by addings 
HjSe to solutions of Au is probafly a selenide 
(Berzelius, P. 8, 178). • 

Gold selenocyanides v. p. 348. 

Gold sulphides. Two sulphides, Au,S and 
A nS, have been isolated ; these sulphides form 
tliio- salts by reacting with alkaline sulphides, 
but the salts have scarcely been examined. 
When BLS is passed into AuCljAq, kept at 100°, 
Au is p^.; if local cooling takes place the pp. 
contains varying proportions of oombinw S, 
but no definite compound is produced Hoff- 
nana a. Krfiss, B. 20, 2369). 


Aubous bulphidb A^S. Obtafiied. f>y passing 
HjS into a solution of ^uOy^ and then adding 
HGlAq. The EAuCy, was prepared by decolour- 
ising AuCljAq by EOy, concentrating at 100°, 
adding dilute HClAq, evaporating, and washing 
the pp. with hot water. The EAuOy^ was dis- 
solved in EGyAq ; the liquid was saturated with 
HjS, excess of HClAq was added, and the whole . 
was heated to boiling. The grey pp. whidd 
formed was washed with HClAq, then with 
CjHgO, ether, and CS2, in succession, and finally 
with ether (L. Hoffmann a. Eriiss, B. 20, 2373). 
AU2S is a brownish-black powder ; when freshly 
ppd. it dissolves in water, but after drying it is 
insoluble in v^ter, and not decomposed by boil- 
ing dilute H(J|Aq or HjSO^Aq. Dissolved by 
BrAq, forming AuBr, and H^SO,; oxidised 
readily by aqua regia, etc. It is not acted on by 
EOHAq even at 100°; slowly dissolved by 
alkaline monosulphides, easily by alkaline poly- 
sulphites, with formation of thio- salts of Au. 
AujS is soluble in ECyAqf and is reppd. by 
HClAq. It is completely decomposed by heating 
to 240° (H. a. E.). 

Auro-aumc sulphide AuS{ = Au2S.Au2S3) (L. 
Hoffmann a. Eriiss, B. 20, 2704). Obtained by 
passing H^S into cold AuCl,Aq until the 
liquid is colourless, washing the pp. repeatedly, 
by decantation, with water, then with abso- 
lute alcohol, dry ether, and CS^, successively, 
and finally with ether, and drying at 120°-130° 
(SAuCljAq + 9H^S + 4H2O 
« 8AuS + 24HClAq + H .SO^Aq). AuS is a black 
powder ; when finely divided it transmits reddish 
fight. Heated to 140° SO^ is evolved, and at 
250°-270° all S is removed, without the inter- 
mediate production of AujS. AuS is insoluble 
in all acids except aqua regia ; it is gradually 
oxidised by BrAq to AuBr, and HjSO, ; it is dis- 
solved by alkaline sulphides; acids ppt. AuS 
from these solutions. Cone. EOHAq has no 
action when cold, but on heating Au is ppd. 
and E aurate and thio-aurate go into solution. 

H. a. E. (lx,) have reflated the experiments 
of Berzelius, Oberkampf, Yorke, and others, but 
have failed to obtain any other sulphides of gold 
except AUoS and AuS. (For references to the 
older memoirs, v. H. a. E., l.c.) • 

Sodium aurosulphide NaAuS.4H,0. 
Monoolinic prisms; very easily decomposed in 
air ; obtained by fusing together Au, NajS, or 
Na^COj, and S, lixiviating with water in an at- 
mosphere of N, and evapo^a^pg in the samef 
atmosphere in vacuo. 

Gold Bulphocyanidei v. p. 350. 

Gold telluride. T^robably obtained by ppg. 
AuCLAq by HjTe (Berzelius, P. 8, 178). 

M. M. P. M. 

GOSSYPOSE is identical with Raffinose. 

GBAMININ 6C3H,„O3aq.»[20^]. S.G. 1‘622. 
[a]D - - 38*89°. eS. 22*8 at 10°. A carbohydrate 
found in the roots of Trisetum alpestre and other 
plants (Ekstrand a. Johanson, B. 21, 597). 

GBAKATIKE. An alkaloid in the bark 
the root of the f^omegranate (Dorttndt /. PK 
[4} 28, 168). 

GBAKDIFLOBINE. Mol. 286-4^ ObtailMid 
from the fruit of Solantm qrandificfrvm by ex* 
tractingwi^ water and alcohol, wbite potfdtt 
) giving the usual alkaloid reactions. OohO. 
]^S 04 and a little MnO^ give a yellow bolooratioi^ 
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taming green &d then violet (Domingos Freire, 
C. R. 106, 1074). 

OBANTJIOSE V. Staboh. ^ 

GRAPHITE, a form of carbon; v. vol. i. 
pp. 686-687. 

GRAPHITIC ACID Formed in small 

quantity in the electrolysis of mineral acids and 
salts when the positive pole js pure graphite 
(Bartoli a. Papasogli, 0. 12 , 114 ; 13, 37). 

Preparation.— QiXBki^hiie, purified by boiling 
with acids and fusion with caustic potash, is 
intimately mixed with KCIO, (3 pts.); the 
strongest nitric acid is added in sufficient quan- 
tity to render the mixture fluid; and the whole 
is either exposed to sunshine or''heated to 60° 
for 8 or 4 days. When no more yellow vapours 
are evolved, the mixture is shaken into a large 
quantity of water, and the undissolved poi tion 
washed by decantation, dried at 100 °, and treated 
with EOlO, and HNO, as before. This process 
is repeated three or four times, the residue being 
graphitic acid (Brodle, A. 114, 6 ). 

Properties. — Thin transparent yellow crys- 
tals ; sL sol. pure water, insol. water containing 
acids or salts. When heated it explodes with 
incandescence, giving off gas and leaving a black 
residue. When suspended in petroleum (boiling 
at 270°) and heated, water comes over between 
100° and 200°, CO* being also evolved ; the 
petroleum acquires a deep-red colour, and a 


Oratioiolin „ „ „ „ 

occurring in Oratiola'officimlis. Easily resolve 
by acids, alkalis, and even PbO into glucose an 
gratioBoletin a substance solub) 

in water and ppd. by tannin. Gratiosoletin i 
further resolved by boiling with dilute acids int 
glucose and a resinous mixture of gratiosolereti 
Cj^HjgO,, sol. ether, and gratiosolereti 
hydrate CnHjaO,,, insol. ether. It need hard! 
be observed that all these formulas are extreme! 
doubtful. 

GRAVITY, SPECIFIC, synonymous wit! 
relative density ^ v. p. 871. 

GREVILLEA GUM. Occurs on the bark o 
Qrevillea rohnsta. Yellowish -red, slightly trana 
lucent mass ; sw^ls up in water, forming a whit 
emulsion, whence alephol ppts. the gum, loavini 
C p.c. of' a red resin in solution. If soaked ii 
water containing a little KOH, lime, or EgCOj 
the resulting solution gelatinises on addition o 
FeCl,. The aqueous solution is lievorotatory 
gives no pp. with lead acetate, but a blue gela 
tinous pp. with CuSO^. It does not reduce Feh 
ling’s solution. It is oxidised by HNO, to muoi< 
and a little oxalic acid. Boiling dilute 
forms a sugar (G. Fleury, J*. Ph. [ 6 ] 9, 479). 

I GUAIACENE C,H,0. (118°). Obtained bj 
distilling gum guaiacum. Identical with Tiouc 
I ALDEHYDB {q. V.). 

GUAIACOL V. Methyl derivative of Pino- 


black carbonaceous residue (CjjHjO,?) is left. 
When a solution of ammonium or potassium 
sulphide is poured upon graphitic acid it de- 
composes with decrepitation, forming a grapbi- 
toidal substance with metallic lustre. Acid 
solutions of cuprous and of stannous chloride 
behave in like manner. Gottschalk {Z. 1865, 
652) represents graphitic acid by the formula 
CaH^O,. 

Salts.-— When graphitic acid is shaken with 
aqueous ammonia it is transformed into a trans- 
parent jelly, without dissolving; after adding 
acids and drying in vacuo the residue has tlie 
same weight as thq** original graphitic acid. 
Moist graphitic acid shaken up with baryta- 
water, washed, and dried at 100 ° yields a com- 
pound contaiiftng 21*1 p.c. Ba ; after being sus- 
pended in water and decomposed by a stream of 
COp the salt, dried at 100°, contains 13'3 p.c. 
Ba. This may be Ba(C„HjOs) 2 . It is hygro- 
Bcomc and detonates when heated. 

Kitro-graphitoic acid An 

amorphous br^wi^ substance got by treating 
graphite from iron (Spiegeleisen) with HNO, 
(Bonfltzenberger a. Bourgeois, B 8 , 647). Sol. 
water, nitric acid, alkalis, and alcohol, insol. 
■olutions of salts. 

GRAFHOK, a name given Dy Brodie to a 
supposed form of carbon of which graphitic acidH 
was a compo^d fc’. vol. i. p. 687). i 

GRATIOL^ 0a>H„O,. A ghcoside occurring 
in QraMola officinalis (Marchand, J. Chim. Mid. j 
1846, 867; Walz, Jahrb. pr. Pharm. 21, 1). i 
Amorphous substance, inaol. ether, si. soL water, ! 
V. sol. alcohol. Cone. forms a purpld'’ 

Mintion, the colour being destroyed by water, i 
Its aqueous solution is ppd. by tannin. Boiling i 
dilate BijSO, splits it up into a sugar, gratio- 
letin a crystallisable substance inaol. I 

water and ether, and gratioleretin 0 ),B[„ 0 , a | 
resin, insol. water, sol. ether. 


CATECHIN. 

GUAIACUM. Resina guajaci sativa. A resin 
which exudes from the stem of Quajacum offi- 
cinale, a tree growing in the West Indies. It is 
composed of yellowish-brown lumps usually 
covered by a greenish-grey powder which renders 
it opaque. It is brittle. S.G. 1*206 to 1*226. 
When heated it emits an odour somewhat like that 
of gum benzoin. Alcohol dissolves about 90 p.c. 
of the resin, the solution being ppd. by water. 
Ether and oil of turpentine dissolve much of ii 
It is nearly insol. water. It dissolves in alkalis. 
11.^80, dissolves it, forming a splendid red solu- 
tion, which yields a* violet pp. with water; alco- 
hol first colours the liquid violet-blub, and in 
I larger quantity imparts to it a dirty bluish-green 
tint (Schiff, A. Ill, 372). Both the powdered 
resin and its alcoholic solution turn green when 
exposed to the air and light (especially violet 
rays). The alcoholic solution is coloujred blue 
by nitrous fumes, by CrO„ by ozone, by chlorine, 
by KjFeCyg, by AuCl,, by KMnO*, by MoOj, and 
by FeClj; the blue colour is removed by SO,. 
Guaiacum tincture is coloured blue by concen- 
trated; but not by dilute, cupric sulphate solu- 
tibn. Even dilute CuSO„ in presence of HCy 
or of organic nitriles, also colour tincture of 
guaiacum blue (Schonbein, Fr. 8 , 67; Schaer, 
Fr. 9, 430). According to Schflnn {Fr. 9, 210) 
guaiacum t&cture is coloured blue by a dilute 
solution cf CuSO, in presence of NH^Ol, Bad,, 
NH^Br, KI, KCy, and NH 4 P. SchOnn also ob- 
serves that guaiacum resin is coloured blue by 
solid lead acetate, by solid OaCI,, by solid BaCO, 
on addition of a little HClAq, by MnCl,, by mer- 
curous nitrate, by a cone, solution of sodium 
Bulpbooyanide, and by cupric chloride even in 
very dilute solutions. Arterial blood colours 
tincture of guaiacum blue. According to Schdn- 
bein (/. pr, 102, 164) exposure to light deprives 
tinotuN of guaiacum of the power of bai&ir 
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tarned bine by ozone. Heat also deprives the 
resin of this property (Hager, Fr. 26, 261). 
Potash-fusion forms protooateohnio acid from 
^aiaoum. Dry distillation forms tiglio alde- 
hyde C^HhO (118°), guaiaool C 8 H«(OH)(OM 0 ) 
(200°), creosol C,HjMe(OH)(OMo), and pyro- 
guaiaoin C,«H,„0, [181°] (Hlasiwetz, A. 106, 361). 
Distillation with zino-dust forms creosol, toluene, 
wt- andp-xylene, »|^-oumene, and guaiene C, 2 H,j 
(B6tBoh, M. 1, 615). Alkalis extract guaiaretio 
acid from guaiacum (Unverdorben, P. 16, 869). 
According to Hadelich {J. pr. 87, 321) guaiacum 
also contains guaiaconio acid (sol. ethe^, and a 
resin C,,Hn0^or C..„H 2 oO, (insol. ether) [200°], 
sol. alkalis and reppd. by acids. • 

Guaiaretio acid C^oHUO^. [75°-80°]. 
Powdered guaiacum is boiled with milk of lime 
for half an hour, and the*diffed insolubie residue 
exhausted with hot alcohol ; the alcoholic solu- 
tion is evaporated and the residue dissolved in 
warm aqueous NaOH (S.G. 1-3). On cooling, 
sodium guaiaretate separates, and may be puri- 
Bed by recrystallisation. The free acid is then 
got by adding HClA.q (ffiasiwetz a. A. 

119, 266 ; cf. Thierry, J. Ph. 27, 381 ; Hlasi- 
wetz, A. 112, 182). 

Properties.— Brittle, concentrically grouped 
needles (from HOAc). Colourless; ]^rmaneat 
in the air. Sol. alcohol, ether, hot HOAc, 
and CSj. Sol. KOHAq; insol. NHjAq. Ppd. 
by adding NH^Cl to its solution in KOHAq. 
Ppd. as a resin by adding water to its alcoholic 
solution. Its alcoholic solution is Ifevorotatory,, 
and is coloured grass-green by FeCl*. Chlorine- 
water does not colour the alcoholic solution 
either green or blue. The aqueous solution is 
not coloured blue by fuming HNOg. Wlien 
slowly distilled it yields guaiaool and pyro- 
guaiacin CuH^Oa. [183°]. Potash fusion gives 
protocatechuic acid. When bromine is dropped 
into a solution of guaiaretio acid in CS, there 
is formed C 2 oH 22 Br ^04 which crystaljjses from 
alcohol in needles. 

Salts.— The guaiaretftes of the alkalis are 
crystallisable ; those of the alkaline earths are 
amorphous pps. The neutral salts are stable 
only in presence of alkali ; when boiled with 
water they are converted into acid salts.— 
K5A"2aq: scales (from alcohol).— K.A" 3aq. — 
IIKA'^aq: obtained by boiling the preceding 
salt with dilute alcohol; crystalline pp.— 
Na2A"2aq: shining laminfe. — NaHA"aq; 

laminas.— BaA"a:aq.— PbjC joHjP* ; amorphous 
pp. 

Guaiaoonic acid CioHjoOs (?)• [954-100°]. 
Remains in the mother liquor from wlitch 
sodium guaiaretate {v. supra) has crystallised 
(Hadelich, J,pr. 87, 321). The solution is eva- 
porated, the residue extracted with alcohol, an^ 
the alcoholic solution treated witlt COj. Amor- 
phous. V. sol. alcohol, ether, ohlo^form, and 
fiOAo. LsBvorotatory. When heated with 
HOlAq at 180° it forms MeCl and pyrocatechin 
(Herzig, AT. 3, 126, 823). Nitrous acid gas passed 
into its ethereal solution forms di-nitro-guaiaool.« 
The K and Na salts are sol. water and alcohol; 
the Ba and Pb salts are insoluble. 

GBAIKHE [98°]. Obtained by dis- 

tilling resin of guaiacum or pyroguaiacin with 
lino-daBt (BOtsch, M, 1, 618 ; Wieser, M. 1, 602). , 
(by sublimation) with blue flnorescenoe. 
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Volatile with steam. Sol. alodhol and ether. 
Cone. H 2 SO 4 forms a green solution ; on addi^ 
water tie hydrocarbon is not reppd. GrO, in 
HOAc forms guaiene-quinone GijH^O, which 
by sublimation forms lemon-yellow needles, 
[122°], m. sol. water, insol. NaHSO,Aq. Guaiene 
forms with picric acid a compound crystallising 
in slender needles, [123°], v. si. sol. alcohol. 

GUAIOL V. TlOUO ALDBHYDB. 

GUANAMINE. The substance to which this 
name was given by Nencki, was subsequently 
called by him Fobmoouanaminb (q. v.). 

DIOUANIDE C.H,N. i.e. nh;c{N^!>™- 

Biguamde. £hmmdyl-guanidine. 

Formation. — 1. By heating a salt of guan- 
idine with cfanamido; the yield being small 
(Rathke, B. 12, 776).— 2. By the action of PGl, 
or bromine on a mixture of thio-urea and 
guanidine sulphocyanide ; the yield is very 
small#— 3. By heating di-cyan-di-amide with an 
ammoniacal solution of Chi(OH )2 at 110 ° ; the 
resulting copper derivative being decomposed by 
HjS (Herth, M. 1, 88 ). 

Preparation. — An alcoholic solution of di- 
cyandiamide is heated with ammonium chloride 
in a sealed tube for 8 hours at 105° (Smolka a. 
Friedreich, M. 9, 228). 

Properties.— The free base, liberated from its 
sulphate by baryta, is amorphous and alkaline 
in reaction. It expels ammonia from its salts. 
Boiling diluted H .SO, splits it up into NH, and 
GO 2 . 

Salts.— B"H.,S 04 aq : crystals, v. sol. water. 
— B" 2 H 2 S 04 aq : from the sulphate of the copper 
derivative and H^S (Emioh, M. 4, *409) ; large 
colourless crystals, with neutral reaction, v. sol. 
water.— The hydrochloride and nitrate 
crystallise in soluble needles.— B^H^PtCl, 2 aq : 
soluble crystals. — Copper derivative 
(CjHgNJjCu 2aq. Obtained by heating an am- 
moniacal solution of cupric oxide with di-oyan- 
di-amide (Herth, M. 1, 88 ). Large flat prisma 
of brick-red colour; v#sl. sol. cold, sol. hot, 
water, forming a deep-i5olet solution, turned 
blue by acids. Alkaline in reaction. — 
(CoH^NshCuHoSO^ 3aq : slender «ed needles, sh 
sol. water. Formed by adding ammoniacal 
GuSO, to a solution of a salt of diguanide. 

Iho-bdtyl, ethyl-, methyl-, and 
Phenyl diouanidb. 

GUANIDINE CHjN, i.s. HN;C(NH,),. Mol. 
W.59. ... 

Formation. — 1. Together *with parabanio 
acid, and small quantities of xanthine, oxalorio 
acid, and urea, by the action of HCl (S.G. 1*10) 
and KCIO, (12 g.) on guanine (20 g.) in the cold 
(Strecker, A. 118, 151).— 2. By heating biuret 
to 165° in dry gaseous HCl (Finckh, A, 124, 
335 ).__ 8 . By heating chloiyj-piorin for several 
hours at 100° ygth a strong alcoUblio solution of 
ammonia (Hofmann, Z. [2] 2, 1078 ; 4, 721 ; B, 
1, 146; A. 139, 107).— 4. In small quantity by 
the action of aqueous ammonia at 150° on 
ortho-carbonic ether (Hofmann, A. 139, 111).-^ 
6« Together with urea by thq action of dry aQi- 
monia on carbonyl chloride 0001, (Bouohardnt, 
C. R. 69, 961 ; Fenton, 0. 798).— fl. By 

heating cyanamide in alcoholic solution with 
ammonium chloride at 100° (Brlenmeyer, 

[2] 7,28; i. 146, 269).— 7. Byheatingoyanogoo 
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iodide with ald^hoHo NH| for S hours at lOO** 
(Bannow, B. 4, 161). According to Osaikovsky 
{Bl. [2] 18, 161) other products, including a 
volatile fatty acid, are formed at the same time. 

8 . Together with urea, ammelide, and biuret, 
by the electrolysis of a solution of ammonia 
with carbon electrodes (Millot, Bl. [2] 46, 244). 

9. Among the products of the oxidation of eg^ 
albumen by KMnO^ in presence of magnesia 
(Lessen, A. 201, 869). 

Preparation.— -Dry ammonium sulphocyan- 
ide is heated for 20 hours at 180®-190®. The 
residue consists mainly of guanidine sulpho- 
oyanide,no gaseous product being given off. The 
guanidine sulphooyanide is purified by recrys- 
tallisation from water or alcoht^, and is con- 
verted into the carbonate by mixing a solution 
of it (100 g.) with a solution of KoCOs (68 g.), 
evaporating, and dissolving out the potassium 
sulphooyanide with alcohol. The guanidine 
carbonate is then recrystallised from watir, and 
the base liberated by dissolving in the cal- 
culated quantity of dilute HoSO^ and adding 
the calculated quantity of baryta (Delitsch, 
J. pr. 2] 8, 240 ; 9, 1 ; Volhard, J. pr. [2] 9, 
10). 

Properties.—Cryfit&lUne, strongly alkaline 
mass, having a caustic taste. When exposed 
to the air it deliquesces and absorbs carbonic 
acid. 

Reactions.— 1. When boiled with baryta 
water it gives ammonia and urea ; the urea sub- 
sequently breaking up into CO, and ammonia 
(Baumann, B. 6, 1376). Hence boiling concen- 
trated acids and alkalis give only CO, and NH, 
(Ossikowsky, B. 5, 668). — 2. With hypohrnmite 
or hypochlorite of sodium^ two-thirds of the 
nitrogen is evolved, one-third remaining behind, 
probably as cyanate (Fenton, C. J. 36, 14). — 
3. Bemok anhydride acting at 100” on guan- 
idine carbonate forms s-di-benzoyl-urea [210°] 
(McCreath, B. 7, 1739). -4. With chloro-formic 
(ohloro-carbonic) ether it forms guanidine dicar- 
boxylio ether HN.C(Np.CO,Et),. This ether is 
converted by alcoholic ammonia at 100° into 
guanidine mono-carboxylic ether (so-called 
guanoline) : BN:C(NH,)NH.CO,Et (M. Nencki, 
J. pr. [2] 17, 237).— 6. When the salts of guan- 
idine with fatty acids are heated there are formed 
* guanamines.* Thus guanidine formate forms 
formo-guanamine C iHjN^ while guanidine acetate 
gives acetoguanamine C,H,Nj (v. infra).— 
Salts of guanidjne, heated with cyanamide form 
diguanide {v. supra).— 1. When fused with urea^^ 
guanidine carbonate forms guanyl-urea C,H^N,0. 
8. An aqueous solution of guanidine carbonate 
(2 molsd boiled with an alcoholic solution of 
phmanihraqwinone forms small colourless 
prisms of the base probably 

OA-0:N.C(igy:KH . 

I . It is clkaline m rcao- 

0;a<.0:N.C(NH,):NH 

hon, absorbs CO, from the air, and forms a 
crystalline hydrochloride B'^HjCl, (Wense, B. 
19 , 761 ).— 9 . In like mann^ bensil (1 mol.) ' 
coiled with guanidine carbonate (2 mols.)«in 
liiute alcoholic solution forms benzil-di-guan- 


.... which may probably be written 
i!N;CPh.CPh:N.C(NHJ:NH. Itforms 


dide 0,, 

INiOfNL^ . 

pranular crystals, reacts alkaline, absorbs CO,, 
ron the air, and gives a hydrochloride oxyitel- 


Hsing in long needles, and a platinochlorii 
B"H,Pt01, crystallising in plates (Wense, B. 1 
768). — 10. "Vl^en bsnail (1 mol.) is boiled wil 
a smaller quantity of guanidine carbonate 
mol.) in aqueous-alcoholio solution, there . 
formed benzil mono-guanidide 0„H„K,0 pn 
bably 0:0Ph.0Ph:N.C(NH,):NH. This bod 
forms white oblong plates, sol. alcohol, inso 
water. It is alkaline in reaction (Wense, B. 11 
762).— 11. Aceto-acetic acid digested in alooholi 
solution with guanidine carbonate for a fei 
hours forms ‘ methyl-guanacil’ CjHjNjO i.i 

HN:C<^^-^q®^CH. This body crystallise 

from water in prismatic needles; sol. hot, si 
sol. cold, water, i. si. sol. alcohol (Behrend, B 
19, 219).— 12. PhenyhthiO’Carbimide (8 pts. 
heated with alcohol and guanidine carbonate 
(2 pts.) at 100° forms the crystalline compound 
NHPh.CS.NH.C(NH,.):NH [176°] (Bamberger 
B. 13, 1681 ; 14, 2638). 

Salts.— B'HCl: regular needles; v. sol. 
alcohol. —B'jHjPtClg: yellow needles or prisms, 
V. sol. water, v. si. sol. alcohol. — B'HOlHg^Cl^.— 
B'HAuCl^ : long needles.— B'HBr, : from guan- 
idine carbonate (1 mol.) and bromine (3 mols.). 
Large red prisms which easily lose bromine 
(Kamensifi, B. 11, 619).— B'HIj: prisms.— 
B'HNOj : ppd. as a crystalline powder by adding 
KNO, to a solution of the hydrochloride. Formed 
also by rubbing guanidine sulphocyanide with 
pure HNO, and filtering before deflagration 
> ensues (Jousselin, C. B. 88, 1086). Laminte 
(from hot water) ; si. sol. cold water. Mixed 
with silver nitrate it gives the crystalline com- 
pound B'AgNOj.— Sulphate crystallises in 
the regular system and is v. e. sol water.— 
B'jHjCOj. May be obtained by boiling the 
sulphocyanide with diluted H2SO4, filtering, 
treating with BaCO„ and allowing the liquid to 
evaporate spontaneously (Jousselin). Dimetrio 
ootahedri^ or prisms ; v. sol. water, insol. alcohol. 
Permanent in the air. When heated above 120° 
it gives off water, CO^ and NH3, and leaves a 
yellow residue resembling mcllon.— Oxalate 
B'HjCjO^aq : colourless crystals, si. sol. water. — 
Lactate forms regular crystals.— Cy a nur ate 
B'CjNjOjH, : silky needles (Bamberger, B. 20, 
68).— Sulphooyanide BTlSGy. [120°]. S. 
73at0°; 135 at 16° (Engel, BZ. [2] 44, 4241. 
Formed as above. Large flexible laminft witn 
fatty lustre (from water or alcohol). Not deli- 
quescent. At 150° it gives off NH, and leaves 
melam. Upon tliis salt mercuric oxide has no 
action t in alcoholic solution, but in aqueous 
solution it gives a pp. composed thus: 
B'.HSCN,Hg{8CN)3HgO. The reaction taking 
place as follows : SB'HSCN t 2HgO 3H2O 
. - B'HSCN, Hg(SCN)^HgO + 6NH, + 200,. The 
pp. is conveerted by acetic acid into a mixed 
acetate ani sulphooyanide of mercury. The 
same pp. is converted by concentrated HCl into 
crystalline plates of ON,H8,HC12HgCl,^ (Byk, J.pr. 
[2] 20, 330). Fused guanidine sulpho-oyanido 
treated with finely divided lead (got by reducing 
the oxide by hydrogen) is partially converted into 
*oyaDO-melamidine,’ C,Hi,N,jO, a body 
which is soluble in water but is separated from 
the original salt bv its insolubility in alcohol. 
Cyanomelamidine fonns salts of melamine when 
treated with HOI, FeClt or B^SO^. With HNOi 



it fomiB the mtttite of ammeline. With KMnO^ 
it gives melamine (Byk, J. pr. [2] 20. 888). 
„^I^it«>80-guanidine CH,N,0 i.e. 
NO.N.O(NHj)-. Formed by passing nitrons acid 
gas throng dry guanidine nitrate suspended in 
oono. HNO,. The salt slowly dissolves, and on 
adding water to the solution, nitroso-guanidine 
IS ppd. in slender needles, which are recrystal- 
of!? foiling water (Jousselin, G. B. 88, 
814). Needles; si. sol. cold water and alcohol, 
msol. ether. Boiling oono. KOHAq decomposes 
It, giving off NH,. Warm cone. HNO, dis- 
solves it, and on cooling the salt B'HNO, sepa- 
rates m large plates; this salt is efflfcresoent 
and decomposed by water. HClAq dissolves 
mtroso-guanidine yielding denser iridescent 
plates which are decomposed by water. On 
dissolving nitroso-guanidin^in water, adding a ' 
drop of very dilute r.queous KOH and I drop of , 
aqueous FeSO^ a purple colour is produced. If I 
alcohol and ether are added to the coloured | 
solution minute dark-red crystals are deposited. 

If inelv divided imn ...*4..... • i* . 
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1?* 1 J* • la* — ato uepuHiieu. 

Ifinely divided iron acting on nitroso-guanidine 
suspended m water at also forms a purple ^ 
after some time this dis&ppears, | 
being evolved. The solution evaporated at ^ 
60 ^ leaves an unstable sulphur-yellow residue 
which appears to be CH,N,0. 

Acetoguanamine i.e. * • 

°“«<NH.C(NH)>NH (Weith. B. 9. 458), or 

®““<N;'c(Nai>N (Clans, S.9, 722). Ethmyl- 
digtmnuie. Di-amido-methyl-triazoUne, [265®].! 
Formed by heating dry guanidine acetate for 
16 minutes at 230® ; the resulting acetoguan- 
amine acetate being extracted by water and de- 
composed VNaOHAq (Nencki, B. 7, 776,1585). 
Trimetric lamina ; si. sol. cold, v. sol. hot, water. 

V. sol. alcohol. Slightly alkaline in reaction! 
Chlorine passed into acetoguanamine suspended 
in water forms a granular pp. CJl.CLN 
(Nencki, B. 9, 237). This is insol. \%ter, sol. 
alkalis ; by heating with dilute HCl it is con- 
verted i^ an isomeric body which crystallises 
from dilute acetic acid in needles, is insol. 
alkalis and forms the salts (O.H.Cl Jl.)„H.,PtCl* 
and 0,H,C1 AAgNO,. ' « * - ^ a 

Salts. — B'HCl 2aq : tables or prisms. — 
B'jHjPtClj ; yellow crystalline pp. ; v. sol. 
water. •- B 'HNO, : prisms, v. sol. water. — 

B'jH.^SO^ 2aq • plates, v. e. sol. water. - 

B'jAgNO, : small plates (from hot water). 
Acetoguanide C^HjN^O i.e. 

or 

Oxy-amido-methyl-triazoline, Formed by boil- 
ing acetoguanamine (1 pt.) with KOH (2 pts.) i 
and water (4 pts.) for li hours, and ppg. with 
HOAc (Nencki, B. 9, 233). Oiwstalline pp.*i 
Almost insol. water, alcohol, dilute HOAc, and 
aqueous NH,, v. sol. alkalis and*H01Aq. — 
C^NaN^O 2aq.—C,H,KN,0 2aq.— C,H-N.OHCl; 
needIeB.-0,H,N,OAgNO,. 

Aoetoguanamide 0,H,N,0, U. 

^'paoy-methyl-MaMoUnt. From acetoguan- 
tonine (1 pt.), by warming with oono. H.,SO. (S 
pts.) at IW®. Small nee^es (from idoohol) ; t. 
iOL watar, adds, wA alkalis, il. sol alcohol. 


On waimm^ with nitric acid (S^. 1-3) it yielda 
cyantmo acid. Chlorine passed into its aqueous 
BolutiorvJoms crystalline C,H,01jN,0,. 81. soU 
hot water, being decomposed thereby with forma- 

OXT-, BraaTIr, 

Ethyl-, MaTHHi-, Naphthyl-, Nitro-phbnil-, 
Phbnyl-, Tolyl*, and Xylyl- ouanidines. 

GUANIDINE CAEBOXYLIC ETHEE 

V'*'- ^?^C(NH,).NH.CO,Et. OmnUvn,. 
[116 ]. Formed as below. Trimetric laminas 
(from water or alcohol); the crystals contain aq 
anhydrous it melts at 
B^H^tCl ^ • ’ trimetric prisms.-B'^HaSO,.— 

Guanidine dicarboxylic ether O.H..N O 
NHiC(N^Et),. krmef{;y •sl^^fy 

adding ClCO.Et to a concentrated alcoholic solu- 
g“^*^idine (Nencki, J. pr. [21 17, 237). 
Needles ; msol. water, v. sol. alcohol and ether. 
Alcoholic NH, converts it at 100® into guanidine 
carboxylic ether. 

GUANIDO-ACETIC ACID C.HNO aa 
NH.C(NH 2 ).NH.CH 2 .C 0 ,H. Olycocyamine, 

If ormed by aUowmg an aqueous solution of gly- 
oocoll cyanamide, and a little NH, to stand for 
some days (Strecker, C. R. 62, 1212). Formed also 
by heating glycocoll with guanidine carbonate 
(Nencki a. Sieber, J, pr. [2] 17, 477). Crystals, 
si. sol. water, insol. alcohol.— B'HJ>t0L 8ao.— 
{C,HgNg02)Cu : blue pp. — B'HCl : prisms. 

By heating to 160® it is split up into water and 
the hydrochloride of ‘ glycocyamidine ’ C,^N,0 

or a base whiclf crystallisee 

in laminae, v. sol. water, and forms the salts 
CjH.NgOHCl and (C,H,N, 0 )oH 2 ptCl, 2aq. 

GUANIDO-BENZENE ;>-8ULPH0NIC ACID 
C,H,N,SO, i.e. SO,H.C„H,.NH.C(NH 2 ):NH. 
Formed by heating amido-benzene p-sulphonio 
I acid (10 g.) with cyanamide (3 g.). water (200 
c.c.), and ammonia (23 drops) at 100° for three 
I days (Ville, C. R. 104, hJbI). Brilliant needles. 

V. si. sol. cold water, insol.* alcohol and ether. 
Neutral to litmus. Decomposes at 180®. Dis-* ■ 
solves without alteration in H.vSb, and HClAq. 
NaOBr gives a purple colouration, with evolAion 
of nitrogen. 

OUANIDO-BENZOIC ACID C,H.N,0- t.e. 
NH:C(NH2).NH.C„H^.C02H. Bentglycocy. 

amine. Forined by allowing an aloohoUo solu- 
tion of w-amido- benzoic acid flod cyanamide to 
stand, after addition of a little ammonia (Griess, 

B. 7, 575). Formed ^so by boiling the dicyanide 
of m-amido-benzoio acid with caustic potash 
(Griess, B. 3, 703), and by treating the compound 
NH:C(OEt).NH.C,H,.C02H with cone. lfH,Aq 
(Griess, B. 8, 323). Thin four-sided plates (con- 
taining aq) ; m. sol. hot watBr. Boiling baryta- 
water gives uftmido-benzoic acid, m-amida- 
benzoic acid, urea, and NH,.— B'JajPtOL— . 
B'HCl. ^ 

Reference.— i. p. 462. 

Guanido-di-benaoic acid v. vol. I. o. 167 « 
•OUAHIDO-BHIYRIC ACID 0.a,N.O. Ll 
NH;C(NHJJ{H.OHE t.OOja. . 
amine. Amidobuiyro-cyamine. formed br 
adding cyanamide and a few dropa <3 NBLAq tn 
' a cold faturated solution of a-amido-hn^j 
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Otystals ftre dep^ited in about a month, and are 
purified by reoi^tallisation from water contain* 
ing a little NH, (Duvillier, C. R. 91, 171). Long 
Blender needles, el. sol. oold water, v. scfi. dilute 
acids, almost ineol. alcohol and ether. Bj boil- 
ing with dilate 11 , 8 ^ it is converted into the 

anhydride crystal- 

lisee from water in long transparent needles 
(containing aq) ; sol. alcohol. 

OUANIDO-ETHAN£ SULFHOinG ACID 
NH:0{NH2).NH.0H3 .CHj.S0,H. Tauro-cyamine. 
[22S°]. Prepared by heating taurine (1*678 grm.) 
inth oyanamide (*85 grm.), and enough water to 
dissolve them, for five hours at 120 ®. Evaporated 
' to crystallisation. The yield is l*tt grms. (Dit- 
trich, J. jjf. [2] 18, 76j. Hexagpn^ prisms. 
Beadily sol. water. Insol. alcohol and ether. No 
salts have been obtained. 

OUAHIDO-HEXOIC ACID O^H^N.O, U, 
NH: 0 (NH 2 ).NH.CH(CH 2 ^).C 02 H. Amido-cap-o- 
eyamine. Formed by mixing an aqueous 'solu- 
tion of leucine with cyanamide and a few drops 
of NHjAq, and allowing the liquid to stand for 
some time (Duvillier, C. R. 104, 1290). Radia- 
ting plates ; si. sol. cold, m. sol. hot, water, si. 
sol. alcohol. When boiled with dilute H 3 SO 4 for 
several hours it changes to the anhydride 
,NH.CO 

NH:C<; I , which crystallises in 

\NH.CH.C 4 H, 

groups of needles; S. (alcohol) 17 at 22®; si. 
sol. cold, m. sol. hot, water. This anhydride 
(*amido-caprocyamidine ’) readily takes up water, 
reproducing guanido-hexoic acid. 

«-GUAlQD0. PROPIONIC ACID v. Ala- 

OBBATINE. 

/8 - Guanido . propionic acid C.HsN.O, t.c. 
NH: 0 (NH^.NH.CH 2 .CH 2 .C 02 H. Formed by 
addi]^ a little NH^Aq to a solution of /3-amido- 
propionic acid (20 pts.) and oyanamide (7 pts.) 
(Mulder, B. 8 , 1261 ; 9, 1902). Crystals ; not 
aecomp<Med below 200®. — B'Hd ; very deliques- 
eent needles. 

o-GDAHIDO-VALE^IC acid C«H,.N,0, i.e, 
NH; 0 (NH,).NH. 0 HPr.C 02 H. » Oxy - valero - 

eyamine,* From o-amido-valeric acid, an 
aqueous solutfbn of cyanamide, and a little 
muviUier, C. R. 91, 171). Small cubic 
eiystals, el. sol. water, v. si. sol. alcohol ; insol. 
ether. Boiling dilute HjSO* converts it into the 
/NH.CO 

anhydride CjH, ,N,0 or NH:C<r | , which 

♦ Q *. \NH.CHPr 

forms delicate needles (containing ^aq) ; m. sol 
water and alcohol. 

OV ANILINE V, GrTABTiniNE oabboxylio etqeb. 
GNANINB OjHjNjO t.e. 

/NH.OH:O.NHv 

^ 3 ,^/ ^ (Fischer, B. 16, 456). 

MoL w. 161. Occurs in all Linds of guano, 
especially in Peruvian guano (Unger, A, 61, 396 ; 
59, 58). Constitntes the greater part of the 
eiorement of the garden spider, and found in 
tbie green gl^d of the fresh-i^ter crayfish, and 
in the ^janian* organ of the pond-mus 9 el 
/iGhMnp-Besanez \ F. Will, A, 69, 117; GrifSths, 
)fV. 88, 187). Found in the pancreas of horses 
(Scherer, A. 112, 267) and oxen (Baginsky, K 
#,896), in the seales of the bleiA (Barreswil,* 


C. R. 68, 246), and in the exdrement of th 
heron (Hoppe-Seyler, Afed.-OAem. tTnters. 1871 
682). Guanine occurs as a concretion in th 
knee-joints of pigs sufiering from guano-gou 
(Virchow, £>. 1866, 377), and perhaps also in th 
urine of such pigs (Pecile, A. 183, 141). It ha 
also been found to the amount of 6 or 6 p.o 
in the sperm of the salmon (Piccard, B. 7, 1714) 
and, together with other bases, in the extrao 
obtained by boiling yeast with water (Schiitzen 
berger, B. 7, 192). Kossel (ff. 8, 404) findi 
guanin in the liver, spleen, and embryonu 
muscle of oxen. 

Premra'iion,~Ouano suspended in water ii 
gradually mixed with milk of lime ; the liquic 
is heated to boiling, and the brown solution is 
strained through Si cloth filter, this treatment 
being repeated till thq liquid becomes oolour< 
loss. Gtanine and uric acid remain almost 
wholly undissolved, and this* residue is now re- 
peatedly boiled with carbonate of sodium, and 
the united solutions are mixed with acetate ol 
sodium, and then with hydrochloric acid io 
sufficient quantity to produce a strong acid re- 
action. The pp., consisting of guanine and uric 
acid, is washed with moderately dilute hydro- 
chloric acid, then boiled with the acid, and the 
solution of hydrochloride of guanine, filtered 
from the ;irib acid, is evaporated. The hydro- 
chloride of guanine thus obtained still contains 
uric acid, to remove which the guanine is ppd. 
from the solution by boiling with dilute am- 
monia, then dissolved in hot nitric acid to de- 
compose the uric acid ; and from the nitrate of 
guanine, which crystallises from this solution, 
the pure base is ppd. by ammonia (Strecker, A. 
118, 161). According to Neubauer and Kerner 
{A. 101, 318), pure guanine is most easily ob- 
tained by dissolving the compound of guanine 
with mercuric chloride in very dilate hydro- 
chloric acid, decomposing the compound with 
H^S, and ppg. the colourless filtrate with am- 
monia. . 

Properties. — White amorphous powder, insoL 
water, alcohol, and 'ether. It is si. sol. oono. 
NHsAq, and is deposited as crystals Vj spon- 
taneous evaporation of the ammoniaoal solution 
(Drechsel, J. pr. [2] 24, 44). When guanine ii 
evaporated with fuming HNO, a yellow residue 
is left, which is turned red by ammonia, and 
then becomes purple on warming (c/. Von Briicke, 
M. 7, 617). A solution of a salt of gtianine 
gives an orange pp. with K^CrO^ and a brown 
pp. with KjFeCyg. A saturated solution of picric 
acid gives an orange-yellow pp. (Capranica, H. 
4, 233)7 

' Be^tions.—l, Nitrous acid converts it into 
xanthine, imidogen being displaced by oxygen 
(Strecker, A. 108, 141}.-^. KCIO, end HOI form 
guanidine and paraoanio acid, together with 
smaller quafitities of oxalurio acid, xanthine, 
and urea.-t-8. KMnO. and NaOH at 80® form 
oxy guanine OjgHnN.O,, which may be ppd. 
by acids ae a jelly, insol. water, alcohol, and 
dilute HOlAq, sol. alAalis (Eerner, A. 108, 261). 
With ammoniaoal AgKOg oxyguaniile gives a 
silver derivative. 

Salts.— The compounds of guanine with 
acids are decomposed by water. Guanine does 
not appear to form an acetate or formate.— 
B'HOlaq: delicate needles, deposited Ira a 
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solution of gOM i no in hot oono. HOlAo.— 
B'H012aq (Scherer, A, 112, 277). — B'h:C 1, • 
from guanine and gaseous HCl; gives ofif half 
its Mid 4t 100® (Unger^,— B'HBr aq : prismatic 
needles. — ^B'BQiaq: prismatic needles, si. sol. 
water, T. aoL HUq.-B'HOmoi, 2aq (?) : orange- 
yellow omMs (U.).-B'.H,Cl^gCi;aq : p^. 
when alo^oLo HgOl^iB added to a etrong solnUon 

of guamne hydrochloride.— B'jH^ClaZnOLSaq : 
'large crystals, obtained by adding guanine hydro* 
chloride to a strong solution of ZnCL. — 
B'^HjCIiOdjCl,, 9aq. — B'HNOg l^aq : hair-like 
interlacing needles, deposited from % solution 
as it cools. 


Tifr^fr\\n --*-*“0 0,0 Ik OOOIB. — 

®'a(™0,),4aq.- 
® — B 2 H 2 S 04 2 a^: 'obtamed by 

diluting with water a solution of guanine in 
cone. HjSO^. Long needl^. — B',(^ 030 A : 
separates as crystalc on mixing a solution of 
guanine hydrochloride with one of ammonium 
oxalate.— Tartrate B',(H, 040,)3 2 aq : yellowish 
radiating nodules. 

Metallic derivatives OjHjNajN.O 4 aq : 
deposited on adding alcohol to a strong solution 
of NaOH saturated with guanine. Confusbd efflo- 
rescent laminae, which rapidly absorb COj from 
the air. Decomposed by water.— OjHjBaNjO (at 
110 ®) : pointed prisms. Separates ,on cooling 
from a solution of guanine in baryta^Water. — 
B HgClj obtained as a crystalline powder 
on adding cold saturated aqueous HgCl, to a so- 
lution of guanine hydrochloride. V. sol. acids 
and KOy aq.— B'AgNOj ; flocculent pp. ; formed 
by mixing solutions of silver nitrate and guanine 
mtrate. Crystallises from hot HNO, in slender 
needles (Strecker). 

i^ere^.- B romo-ouanine. 

GuANOtilNE V . Guanidinb oabboxtuobthbr. 

OTTANYL-PHENYL-THIO-UKEA 0,SN,H,„ 
i.e. NHPh.CS.NH.C(NH 3 ):NH. [176®]. Prepired 
by heating a mixture of phenyl-thiocarbiinide 
(3 pts.), guanidine carbonate (2 pts.), and alcohol 
at 100® (Bamberger, B. 13, 1680; It, 2638). 
Colourless monoclinic crystals. V. sol. alcohoL 
Alkaline ^in reaction. Slowly decomposed by 
boiling water into guanidine, phenyl thiocar- 
bimide, aniline, HjS, and CO,. Boiling HClAq, 
forms guanidine, aniline, H,S, and CO,. 

S alt B.— B'HCl : long glistening needles, more 
soluble in alcohol than in water ; on boiling with 
water it evolves HjS ; CUSO 4 produces a violet 
pp. turning black on heating.— B',H,S 04 " : pearly 

plates.— B'^HjCjO,* ; white glistening scales. 

B^C 4 H 2 (N 0 J, 0 H : yellow felted needles. 

GirANYlL.THIO.UEEA C,H 4 N 4 S t.e. 
SO(NH,).NH.O(NH,):NH. ThiodicyandiaimdiM, 
White glistening prisms ; m. sol. cold water. * 

Formation.—!. By digesting di-oyan-diamide 
with aqueous H,S (Bamberger, B. 16, 1469).— 
^By heating guanyl-urea with aqueous H,S 
pA-“ 8 . From CSOl, and thio-ur^ at 110®.— 
4. In small quantity by the action of PCl, (1 mol.) 
on thio-urea (8 mols.) (Eathke, B. 11, 962). 

Beoefioras.— Silver salts readily ddsplaoe tha 
S by O. On heating with ammoniacm AgNO, 
wi/® wsolved into HjS and di-oyan-diamide. 
When heated alone at 100® it changes to the 
isomeric guanidine sulphooyanide. 

«pariiigly nlobls 
PP.-B"B^O,« ; white BilkjneedlM. 

HOI. 

Voxte XL 


GUANra-UBBA 0 AN *0 U. 
00(NH,).NH.C(NByd^H. Di<jftn^amtdme. 

Formatim. — 1 . By evaporating a solution of 
Ji-oyan-df-amide (0N),(NHJ, in dilute H,S 04 
(Haag, A. 122 , 26), and is therefore also formed 
by the action of dilute H 3 SO 4 or H,P 04 on cyan- 
amide (Baumann, B. 6 , 1374).— 2. By fusing 
OTamdine carbonate (1 pt.) with urea (2 pts.) 
(Baumann, B. 7. 446, 1768).-8. By heating a 
mixture of carbamio ether (2 pts.) and guanidine 
embonate (1 pt.) at 160° as long as alcohol dis- 
tils over (Bamberger, B. 20, 68 ).— 4. A mixture 
of guanidine hydrochloride and potassium cyan- 
ate is heated at 180® (Bamberger). 

Preparation. — The base, prepared by any of 
the above proSesses, is ppd. from the aqueous 
solution of th# product by OUSO 4 and KaOH. 
The resulting copper derivative is then decom- 
posed by H^S. 

Properties.— Strongly alkaline crystals; ab- 
sorbing CO, from the air. V. sol. water and al- 
cohol. KCIO 3 and HCl oxidise it to guanidine. 
Boiling baryta-water converts it into urea, CO„ 
and NHj. On evaporating a solution of guanyf. 
urea carbonate there is left guanidine carbonate, 
NHj and CO, having been given off. 

Salts. — B'HCl -^aq: lamince, v. sol. water 
and alcohol. — B'jH^PtCl, : small orange crystals. 
— B'HN O 3 : needles. — A uroohloride: long 
golden needles.— B'^HjSO, 2 aq : long needles.— 
B'H,COj : crystalline powder. S. *67 at 18®.— 
B',H,C, 04 . 

GUM. This term is applied to carbohydrates, 
•whether produced by plants or animals, which 
are amorphous, insoluble in alcohol, but form 
a sticky liquid with water, in which^hey either 
dissolve or swell up greatly. By nitric acid the 
vegetable gums are oxidised to mucic and 0 x ^0 
acids. They give no colouration with iodine 
either before or after treatment with cone. H,S 04 . 
Boiling dilute H,S 04 converts them into glucose 
or a sugar 0 ,H, 30 ,. Thus dextrose (glucose) is 
formed from lichenin ; lAvulose is formed from 
Iflsvulin; galactose is formed &om galactin, 
agar-agar, some kinds of §pm arable, and a gum 
in lucerne and other leguminous plants ; while 
arabinose is formed from gum-arabic, cherry 
gum, gum tragacanth, and the ^hm in the cell 
walls of beet-root and poppies (Bauer, J,prf[2] 
80, 388). Gums are described under Aoab-aoab, 
Ababiv, Bassobin, CsRAsm, Dbxtbakb, Dbxtbxn, 
Gauboob, Gblose, Gbbvillba gum, Eaubi oum, 
Laotosin, Lavulane, Ljevulin, Liohbmzn, Muoz- 
LAOB, Pbotbidb, Appendix Q, QnaBBAOHO <iing^ 
BhZLLAO, SlNIBTRIN, TrITICIB. 

OUM AMMONIAC^ The dried sap of Borma 
ammoniactm. It is partly soluble m water, but 
contains also an insoluble resin (Johnston, A, 
44, 828; Hirschsohn, J. 1876, 869; Moss, 

1878, 867). When fused with potash it giveg 
resorcin and protooatechuio«acid.« The portion 
of fipim ammoi^o (from Morocco^ soluble in 
alccAorgives by potash-fusion an acid CI14H14O,, 

I which forms minute crystals, sL sob water, nu 
I Bol. alcohol, mel^gwith decomposition at 266 ®, 

I and giving with 01, a violet colouration (QoM- 

1 loAniedt, B. 11, 860). HNG, acting on gum 
ammoniac forms tri-nitro-resoi;^. Distillation 
with Binc-dust forms m- and |>.xylene, m-ethyl- 
toluene, [ 2 :l] 0 ^Et(OMe), and a hydrocarbon 
i on oudirtioo Willi 

vv 
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mixture forms btfsoio and aoetio aoids and re- 
sinous products ^Ciamioian, B. 12, 1663 ; 0. 9, 
818). , 

OITM, AKIHAL, v. Protxids, AjypMoks 0. 
GUH ABABIO v. Ababih. 
eUK BENZOIN V. vol. i. p. 477. 

OUM, BBinSH, u. Dextrin. 

OBMMIC ACID O^ioO.o (Beiohardy. This 
name was applied by Fremy to arabin, but trans- 
ferred by Beiohardt {A. 127, 300) to an acid 
formed in the oxidation of glucose by Fehling’s 
solution. Felsko {A. 149, 866; Z, [2] 6, 228), 
working under Beiohardt’s direction, gave the 
formula C,H„Oi„ but according to Claus (/. jw. 
[2] 4, 68) gummic acid is more or less impure 
tartronio acid. ^ 

Ketagummio acid u. Ababin and> Oxbasin. 
GUM BESINS. The hardened milky juice 
which exudes from incisions in the stem or roots 
of some plants. They are partly soluble in water 
(gum) and part of the residue is soluble in^alco- 
hol (resin). Examples : asafoatida, aloes,’ gal- 
banum, gamboge, gum ammoniac, myrrh, oliba- 
num, opoponax, and scammony. 

GFM SENEGAL v. Arabin. 

GUN COTTON t>. Cellulose. 

GUNPOWDER. A mixture of charcoal, nitre, 
and sulphur, which when burnt produces large 
volumes of gases chiefly CO, COj, N, H, HjS, and 
0 (v. Dictionary or teohnioal chemistry). 
GUBJUN BALSAM v. Wood oil. t/ 
GUBJUNIC ACID v. Wood oil. ^ 

OUTTA PEBCHA. A substance resembling 
caoutchouc obtained by boiling to dryness the 
milky sap which exudes from incisions in the 
bark of the hmandra Percha, Sapota Miiellcri 
pieekrode, Bep. chim. app. 1, 403), and Bassia 
ParkU. 

Gutta peroha is a brownish-red mass, S.G. 
*98. It is a very bad conductor of electricity. 
It softens at about 48°, but never possesses the 
elastic character of caoutchouc. It is deposited 
from its solution in CS, in a very porous mass. 
Gutta percha is insol. water. It dissolves easily 
in ^naene, CSj, chloroform, and oil of turpen- 
tine. It is not attucked by solutions of HCl, 
EOH, or HP. Hot cone, carbonises it. 

HNO. converts ft into a yellow resin. 

According to Payen (C, B. 86, 109) gutta 
peroha, purified by solution in OS,, consists of 
^ three hydrocarbons : * gutta * a portion insoluble 
in boiling alcohol, amounting to 76 to 82 p.c. ; 
* alban ' a portion soluble in boiling, but inso- 
luble in cold, alcahol, amounting to 19 to 14 p.c. ; 
and a yellow resin * fluavil,’ soluble in cold al- 
cohol, and amounting to 6 ^o 4 p.c. of the whole. 

Gutta Obtained by exhausting gutta 

percha with boiling alcohol and ether, dissolv- 
mg the residue in chloroform, and ppg. by al- 
oohol (Oudemans, B4p. cMm. am. 1, 466; Von 
Baumhauer, pr. C3, 277 ; Adriani, Z. I860, 
496; Hofmu^ A^ 116, 297). ^White powder, 


cakes together and becomes transparent at 10 ( 
begins to melt at 150° ; at 180° an oil disti 
over, and at 280° it froths strongly. It is insc 
alcohol and ether, sol. cold chloroform and 0 £ 
sol. hot benzene and oil of turpentine. Afti 
exposure to the air it becomes soluble in ethe 
Gutta is strongly attacked by ozonised ozygei 
Gone. HOlAq attacks it, apparently forming con 
pounds containing chlorine. On dry distillatio 
it behaves like caoutchouc, giving isoprene O^H 
caoutchene G, 0 H,„ heveene (Greville Williami 
C. J. 16, 124), and a volatile acid. Whe 
exposed to air and li^t, especially at 25° to 80* 
it is completely deprived of flexibility throng 
oxidation (Hofmann, 0. J. 18, 87 ; 'Adriani, 0,1 
2 , 227, 289, 818). Gutta peroha may be keptfc 
a long time unchanged under watw orinth 
dark (W. A. Miller, a. S. [2] 3, 273). 

Alban.*' White crystalline resin; best ob 
tained by extracting gutta peroha with ethei 
and boiling the resulting extract with aloohe 
to remove fluavil. Bogins to melt at 100°, an 
is perfectly fluid and transparent at 180°. Inso' 
water, alkalis, and acids ; v. sol. oil of turpentine 
benzene, CS,, ether, chloroform, and hot aloohe 
(Payen, 0. B. 36, 109). According to Oudeman 
(B<5p. chim. app. 1, 455) alban from Indian gutti 
percha may be represented by the formul 
0,oH,aO, aad at 130° by CaoHjnO, and melts a 
140° ; S. (alcohol) -61 in the cold ; 6*4 at 78°. 

Fluavil CjoHjjO. [42°] (Oudemans). Yellot 
resin ; sol. alcohol, ether, benzene, oil of tur 
pontine, CS^, and chloroform, remaining as ai 
amorphous mass when these solutions arc 
evaporated. Cone. HOlAq dissolves it withou 
decomposition. 

Gutta percha from Bassia ParkU resemblei 
ordinary gutta percha in its physical pfoperties 
and has S.G. *976. It is much less soluble ir 
light petroleum, ether, HOAo, and oil of turpen 
tine, but is equally soluble in CS^, ohlorofom 
and benzene. It consists of gutta (91*6 p.c.) 
alban (6 p.c.), and fluavil (2*5 p.c.) (Heckel a 
Sohlagdei±auflen, 101, 1069). 

GYBOPHOBIO ACID An acid 

obtained from two lichens, Gyrmhma pustulate 
and Lecanora tartarea, collected in Norway foi 
the manufacture of archil. The lichen is mace- 
rated with milk of lime, and the filtrate ppd. by 
I HCl ; the pp. is dissolved in boiling alcohol, 
containing animal charcoal, from whicl the 
acid crystallises on cooling (Stenhouse, P. T, 
1849, 893). Small soft crystals ; nearly insol. 
water, v. sL sol. ether and cold alcohol, m. sol. 
boiling alcohol. Its solutions do not redden 
Utmns. ' Boiling aqueous EOH or baryta resolve 
it iiito CO, and orcin. Bleaching-powder reddens 
its solution. When mixed with NH, and ex- 
posed to the air it fomis a purple substanoe. 
Boiling alcohd forms orsellio ether. Gerhudt 
{TraiU, 8 , §18) regarded gyrophorio acid as 
identical wiih leoam^ or eyemio acid* 
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BJSKATSiN i;. HjEsUTomiir. 

HAMATIN V. Hauoglobxn. 
HiBMATO.CRYSTALLIN v. Hjemoglobik. 
HJEMATO'GLOBITLIN v. SLemoolobiiu 
EJEMATOIDIN v. SLbvoolobim. 

HJEM ATOIK V . Bjbmoqlobin. 

HiEMATOLIN v. HisifoaLOBiN. • 
H^MATO-POBPHTBIN v. E[^&ioa£oBi]!r. 
HiEMATO-POAPHYBOIDIN v. Hjeho> 
blobin. • * 

MMATOXYUir 0„H,*0,- Bamatin. A 
colourless crystalline substance from which the 
colouring matter of logwood {Ha^toxylon 
campechianum) is derived (Chevreul, A. Ch. [2] 
80, 128 ; 82, 53, 126 ; Golner*Besseyre, A. Ch. 
[2] 70, 272; Erdmann, A. 44,292; Hesse, pr. 
75, 216 ; A. 109, 332). Prepared by leaving the 
commoroial extract of logwood, previously mixed 
with sand, in contact with five times ifs volume 
of wet ether for several days, with frequent 
shaking; the extract is evaporated, and the 
residue recrystallised from water containing a 
little ammonium sulphite. DimetrA crystals 
(containing 3aq). When a supersaturated solu< 
tion is allowed to stand in the cold it deposits 
hemihedral trimetric crystals (containing aq). 
The monohydrate is also obtained in granular^ 
crystals by pouring a solution that has been 
saturated at lOO*’ into a cold vessel containing 
a small quantity of a solution of acid ammonium 
sulphite.^ Haamatoxylin is si. sol. cold water, v. 
sol. alcohol and ether. It dissolves in a satu- 
rated solution of borax more easily than in pure 
water, the solution being neutral or slightly acid, 
and exhibiting a bluish fluorescence. Alcohol 
does not ppt. borax from this solution. From 
the solution in borax the hcematoxylfti is ppd. 
by acids in the monohydrabed form, and by salts 
{e.g. Nagi, KCl, NH,01, K,FeCy„and HNH.SO,) 
as an amorphous mass. Hematoxylin dis- 
solves in warm NaxSjO, forming a purple liquid 
from which it is deposited on cooling in the 
amorphous form. It also dissolves freely in 
Na^POf, the solution remaining alkaline. 
Heemaioxylin has a sweet taste, resembling 
liquorice. Its solutions are dextrorotatory, 
[o] = 92'6° in a 1 p.c. solution. It reduces Fen- 
ling’s solution and ammoniacal AgNO, in the 
cold. An aqueous solution of htemato^lin is 
not altered by contact with pure air or oxygjn, 
but, if the slightest trace of ammonia be present, 
the liquid acquires a red colour due to h»ma- 
tein {v. infra). Thus if the solution is boiled 
in a glass vessel it becomes purple ^y dissolving 
alkau from the glass (Maschke, ^^7, 1535; 
Ar. PJh [8] 6, 84; Mitchell, Am.Vh.6, 91). 
HNO, oxidises it at first to hflematein, but ulti- 
mately to oxalic acid. HaS04 and HOI have but 
little action on it. Haematoxylin dissolves in 
alkalis and alkaline carbonates forming a purple 
solution, the colour being destroyed by adds 
(Wildenstein, FV. 2, 9). Baryta-water added to 
a lolntioD of hsematoxylin freed from air by 
boiling forms a white pp. which turns blue fr 
ixposed to air. Basic and normal lead acetates 
)ive a white pp. tamed blue in air ; cupric aee- 
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tate gives a greenish-grey pp. which soon be- 
comes dark-blue with a coppery lustre. SnCli 
gives a rose-coloured pp. Alum colours the solu- 
tion^ red but gives no pp, BaCl, colours the 
liquid red, and then forms a red pp. AuOl, is 
reduced by hsematoxylin. Ammonium vanadate 
gives a blue-black colour (Wagner, H. P. J. 223, 
631). According to Scmiitzenberger a. Paraf 
1862, 42) th^ violet solution of hsematoxylin in 
ammonia may be decolourised by heating for 48 
hours at 100* in an exhausted tube ; the colour- 
less product, called * heematinamide ’ is re- 
oxidised on exposure to air, becoming violet. 
Resorcin and pyrogallol are among the products 
of th%dry distillation of hromatoxylin (R. Meyer, 
JB. 12, 1392). Potash-fusion gives pyrogallol and 
formic acid (Erdmann a. Schultz, A. 216, 240). 
Sodium-amalgam or zinc and dilute HjSO, do 
not reduce hematoxylin (Reim, JB. 4, 329). 
Chlorine, bromine, PCI5, and HI yield resinous 
products. According to Fr6bault (J. Ph. [4] 23, 
338) the red colour of alkaline solutions of 
hematoxylin is destroyed by iodine. 

Penta-acetyl derivative C„,H^0sOg. 
[166°]. From ha?matoxylin and AcCl (Erd- 
mann a. Schultz, A. 216, 232; <?/. Reim, B. 4, 
331). Silky crystalline tufts ; becomes coloured 
in moist air. 

Bromo-haBmatoxylin C,eH,gBrO,. Dissolves 
in aqueous KOH or NaOH with a Woe bolour, kt 
aqueous NH, with a red colour. 

Pent-acetyl derivative 0|cH,BrOaAo, : 
[210°] ; fine colourless needles ; sol. alcohol, 
acetic acid, benzene and chloroform. Formed 
by adding bromine to a cold acetic acid solution 
of penta-acetyl-hffimatoxylin (Buohka, B» 17, 
683). 

Bi-bromo-hesmatoxylm C,eH,,BrgO,. Prom 
hflematoxylin and Br in* HOAo (Dralle, B. 17, 
873). Deep-red needles. ^Decomposes above 
120°. Its aqueous solution is br§wniBh-red. 

Penta’acetyl derivative CjgHjBrjjA^^Og. 
Prom penta-acetyl-hffimatoxylin and Br in 
HOAo at 110° (D.). Crystals ; decomposes above 
180° without melting. 

Hamatoxylin-phthaleln CwHjoO,^. Pre- 
pared by heating hffimato:^lin with phthalio 
anhydride (Letts, B. 12, l^lf Brown amor- 
phous mass, insol. water, sol. alkalis, forming a 
purple-red solution. • 

kematein 0„H„0,. S. *06 at 20° ; S. (ether) 
•018 at 20°. 

Pr^rafion.— Extract of logwood is dissolved 
in hot water and, after cooli^}^, NH, in slight ex- 
cess is added. The solution is exposed to air 
which changes nffimatoxylin to hffimatein, the 
ammonia compound of which is ppd. This pp. 
(40 g.) is dissolved in hot water (1000 g.) con tam- 
ping acetic acid (BIO c.o.), and the solution is 
filtered. On cooling crystals of hsmatelti 
appear (Hummel a. A. G. Feriin, C. /. 41, 867 ; 
c/. Halberstadt a. Beis, C. «7.*41, 868; B. 14, 
611). 

PropirHes, — .Mioroioopio reddUh-brown 
plates with yellowish-green lustre. Sparingly 
•olobla in water, aleoh^ etber, and aeetie ami 
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Fonns ^th KH, a biown-violei aolution, with 
ccno NaOH a purple-blue solution; in air these 
liquids turn red and finally brown, freely 
soluble in oono. HCIAq. It dissolves in alkaline 
bisulphites, and is reppd. by hot dilute HgSO^. 

Eeacticns.—l. Cold cone. H^SO^ dissolves it. 
On pouring the solution into water a reddish- 
brown pp. of altered hssmateSn is eformed. On 
adding glacial acetic acid to the solution in cold 
oono. HjSO^ an orange crystalline powder iso- 
h(emate!n sulphate, GigHuOj.SO^H, is ppd. 
This body is converted by dilute (80 p.o.) 
alcohol into lustrous orange-red crystals of 
(C„H„0,),0 i,H,i 04S0,H.-2. With ^C1 at 100® 
it forms orange-red needles of iso-h£emate!n- 
ohlorhydrin C,|P„05.C1, soluble in water with 
decomposition and separation of HOI. Its solu- 
tion is orange. With alcoholic KOH it gives a 
reddish-violet solution. Cone. H.^SOi converts 
it into iso-haematein sulphate.— 3. With l^r 
it gives a corresponding bromhydrin, C,„H,,04Br. 
4. Decolourised by Zn and dilute H^SO^, but 
not reduced to haamatoxylin thereby. Boiling 
aqueous SO, behaves in like manner (Reim).— 6. 
AcCl gives no acetyl derivative. 

Ammonium derivative C,jH,o{NH4)j,Og : 
violet-black grains ; forming a purple solution 
in water, and a brownish -red solution in alcohol, 
gives off NH, over HjSO^. 

lio-haematein C,gH,aOa. A solution of the 
ohlorhydrin C,aH,,OsCl gives with AgjO a solu- 
tion which, on evaporating, leaves amorphous 
iso-haemateln with green lustre. 

Proparfwa.— Solution in NaOH is red- violet, 
in NH, is dui! red-purple ; with ammonic sul- 
phide a red-pu^le pp. is got (haematein is 
nearly decolourised by this reagent). Lead 
acetate gives a red-purple pp. 

Iso-hcemateKn compounds dye with alumina 
chooolate-red, with iron, slate to black. The 
colours are faster than those of hromatem. The 
generation of iao-bcematein in place of ordinary 
haamatein from G),H,,0,(jll is peculiar. Perhaps 
it is (0|,H„0,), as indieated by the sulphate. 

(^)-H8Binat6'in C^HijO, daq. Deposited as 
small brownish-jed tofts firom an ethereal solu- 
tion gf haBmatoxylin to which a few drops of 
HNO, have been added (Reim, B. 4, 331). It is 
more soluble in boiling water than haamatein 
(Erdmann a. Schultz, A. 216, 236). It is recon- 
verted into haematoxylin by boiling with aqueous 
SO, or with zinc and dilute H^SO,. AoCl gives 
an acetyl derivative f216®-219®]. 

H£MIN i;. Hakoolobin. 

BJBHOCHBOHOOEN v. HiBHoaiiOBin. 

HJEXOC7ANIK v . Pbotxids. 

HJEUOOLOBIN (syn. Hcemato • globulin, 
hcBmato-crystalUn), This pi^ent composes 
from 86-90 pas cent/of the solid constituents of 
the red blo^ corpuscles of vertebrates; it is 
also found in the blood plasma of many inverte- 
brate animals, and in the red corpuscles of the 
homo-lymph of a few invertebrates (Lankester). 
For a complete list of the aniinals in the blood 
of which it has b6en described «. Halliburton 
(/. Physiol. 6, 882h It is fonnd in the muscle- 
plasma of most animals, even when none occurs 
in the blood, as in some invertebrates (Lankester, 
PfiUger^s Archio, 4, 816) ; it is most abundant 
In lbs rsd mnsolM of rodents. It is also found 


in the nerve-oells of Aphrodite aeuleata (Gatnges, 

Physid. Chm. 420). 

Preparation,— Leidig {Zeits. f. wiss. Zool. 1, 
116), Reichert {MUlUr^s ArcJviv, 1849, 197), 
Kolliker (Zeits. /. tvis^ Zool. 1, 216) first ob- 
served that blood from different sources de- 
posited crystals of a red colour. Funke (Zeit, f. 
rat. Med. N.F. 1,184; 2, 204, 288) recognised 
that they consisted of the red pigment of the 
blood. Lehmann (Sitz. W, 46,65), Lang (ibid.), 
and Preyer (Ike Blutki-ystalle, Jena, 1871) have 
also worked^ at the subject. The principal 
methods for preparing these crystals will be 
found in detail in Oamgee’s Physiol. Chem, 
85-88. The crystals may be obtained with ease 
from the blood of some animals (rat, guinea 
pig) by simply adding w^ter to the blood ; this 
first ^ssolves the hamoglobin from the cor- 
puscles, and without further treatment the crys- 
tals form in a few minutes. A very exoellent 
method consists in adding to the dofibrinated 
blood one-sixteenth of its volume of ether, or a 
mixture of alcohol and ether; on shaking the 
mixture the corpuscles dissolve, forming a lake- 
coloured fluid, and in a period varying in differ- 
ent animals from a few minutes to three days, 
q thick magma of crystals is formed, which may 
be purified <by washing with 26 p.c. alcohol, and 
by re-crystallisation. In other methods the cor- 
puscles are broken up by repeatedly freezing and 
thawing the blood with or without the previous 
addition of a quarter of its volume of alcohol, 
cmd crystals are thus obtained. The blood of 
the mouse is said to crystallise when drawn, 
without any further treatment ; in septic diseases 
in man, or by adding putrid serum to the blood, 
there is the same crystalline tendency (C. J. Bond, 
Lancet, Sept. 10 and 17, 1887). The crystals 
obtained by all these methods are microscopic ; 
larger crystals are formed by sealing blood which 
has stood in the air for twenty-four hours in 
narrow gla(S!S tubes, and keeping them for some 
days at 87°C. On theji emptying their contents 
into watch glasses the crystals form (Gsohleid- 
len, Physiol. Methodik, 361). For microscopical 
investigation a very convenient method is to 
mount a drop of blood in Canada balsam, and 
the crystals separate in a few minutes (Stein, 
Virchow^ s Archiv, 97, 483). The crystals in all 
these cases are generally spoken of as heemo- 
globin crystals; it would be more correct to 
speak of them as crystals of oxy-hemoglobin, 
the loose combination of oxygen and htemo- 
globin that exists in arterial blood. Crystals of 
pure or*venons htemoglobin have, however, been 
obtained by Hiifner and by Nenoki and Sieber 
(Chem. Soc. Abst. 1886, p. 482). 

Crystalline /am.— Not only does the hsemo- 
globin of different animals differ in the readi- 
ness with which it crystallises, and in its solu- 
bility in waCer, but also in crystalline form. As 
obtained from the majority of animals, tiie 
crystals are prisms or plates belonging to the 
rhombic system ; the exceptions to this role are 
the guinea-pig, in which the orystails were at 
first supposed to be regular tetrahedra (Eunde, 
Zeits. fUr rat. Med. N. P. 2, 276), but have 
sinoe been shown by Von Lang to ^ rhombio 
tetrahedra. In birds the crystals are often 
tetrahedral. These crystals are doubly refract- 
ing and pleoohromatio. In three animals, tb« 
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Squimrel (Eiinde), hameter (Preyer), and mouse 
(Bojanow8ki|, six-sided plates have been de- 
scribed. Tne statement regarding mouse’s 
crystals is, however, etfoneous. Bhombohedra 
have been obtained from hamster’s blood. Oc- 
casionally six-sided plates are obtained from 
rat’s blood (Halliburton, Quart. Jowr. Mic. Set. 
1887, 190). These crystals, if they are lying 
hat, appear dark between crossed nicols, and 
therefore belong to the hexagonal system. The 
amount of water of crystallisation varies greatly 
in the crystals from different sources, and it is 
probably owing to this that the difference in 
crystalline form is due (Hoppe- Seyler, Physiol. 
Chem. 377 ; C. Bohr, A/htersuch. ilber d. 
Sauerstoffaufnahmc des mutfarhstoffeSt Kopen- 
hagen, 1885; Hallibuftc^, l.c.). 

Corn^wsifton ,— Htemoglobin difffts from most 
of the other proximate constituents of the body 
in containing iron. Preyer’s formula for it is 
CjooH 9 «oNi 64 FeSsO„„. Determinations of the 
sulphur by other observers were, however, con- 
tradictory ; on this ground Lehmann and others 
advanced the theory that haimoglobin is not a 
cliemical unit, but consists of a colouring matter, 
ha?matin, which contains the iron, mechanically 
mixed with a crystallised prot^id. A seeming 
confirmation of this theory was %dvancod by 
Struve [Zeit. Prakt. Ghent. 1884), who extracted 
hflsmatin from the crystals by alcoholic am- 
monia, leaving them colourless. Zinoffsky 
{Zeit. Physiol. Ghent. 10, 16) points out, how- 
ever, that alcoholic ammonia is a powerful^e- 
agent, and shows that the conflicting results as 
to the quantity of sulphur present are due to bad 
methods of preparation of the hromoglobin. 
Adoptfng the ether method of preparing the 
crystals (for the modifications of the method as 
already described the original paper must be 
consulted), he found that the empirical formula 
for hemoglobin is C,ijH„soN 2 , 4 S JeOj^j. By 
heat, or by the action of strong acids or alkalis, 
hemoglobin is decoq^posed into hematin 
and a proteid or mixture of 
protmds known under the name Globin (for the 
properties of globin v. Pkotbids). 

P’rojocrfics.— Though orystallisable, haemo- 
globin is not diffusible ; its colour differs with 
the amount of oxygen with which it is combined; 
th%pure pigment has a purplish tinge; the 
oxygenated condition in which it usually exists 
is a yellowish-red. In both conditions solutions 
of the pigment show with the spectroscope typi- 
cal absorption bands. The spectrum of oxy- 
hfismoglobin varies with the concentratton^of the 
solution ; in addition to a certain amount of ab- 
sorption of both ends of the spectrum there are 
two typical bands ffetween the n and n lines, 
the a band has for its centre ^he wave-length 
679 ; the & band, which is wider and less well- 
defined, has its centre at wave-len|th 668 (Hoppe- 
geyler) (see spectrum, 2). Stokes first showed that 
on the addition of reducing agents to such a solu- 
tion the colour of the liquid changes to that^of 
hesmoglobin, and this has only one absorption ^ 
band, which occupies approximately the light 
space between the two bands of oxyhcsmoglobin 
(see spectrum, 8). The most convenient redu- 
cing agent to use is ‘ Stokes’s reagent,’ which 
must always be freshly prepared by ad^ng*a 
small quantity fd citric or tartaric acid to a 
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solution of ferrous sulphate, 'and then ammonia 
till ^e reaction is alkaline. Or a solution of 
amnfonium sulphide, or a stream of a neutral 
gas like hydrogen may be used. If the solu- 
tion which shows the spectrum of reduced heemo- 
globin be agitated with the air or oxygen it once 
more becomes brighter in colour, and shows the 
two bands of oxyheemoglobin. This spectrO’ 
Bcopic test is the one most usually applied for 
the identification of htemoglobin. The bands 
are still perceptible when the solution contains 
only 1 part of htemoglobin in 10,000 of water. 
Another test frequently used is to obtain crystals 
of htemin (q. v.). The crystals of oxy-hcemo- 
globin drfed in vacuo still retain 3-4 per cent, 
of water s>f crystallisation, which is driven 
off by heating to 110°-120°C. The dried sub- 
stance may be heated to 100°C. without under- 
going decomposition. 

^Htemoglobin gives all the tests of proteids. 
Oxyhtemoglobin has the power of decomposing 
hydrogen peroxide. Preyer finds that 1 grm. of 
hsemoglobin can link to itself 1-67 o.o. of re- 
spiratory oxygen ; Hiifner {Zeit. physiol. CJtem. 
i. 317) gives approximately the s;ime figure ; the 
theory of A. Schmidt that hsBmoglobin has the 
power of ozonising the oxygon it thus links to 
itself has been disproved by Pflilger (P/iilgePs 
Archiv, 10, 252). 

Estimation of hcBmoglohin. — (a) From the 
amount of iron ; dry haemoglobin contains 0’42 
p.c. of iron. A weighed quantity of blood is 
calcined ; the ash is ei^austed with hydrochloric 
acid to obtain ferric chloride, which is trans- 
formed into ferrous chloride, and titrated with 
potassium permanganate. (6) Golorimtrically 
(Hoppe-Seyler ; Eajewsky ; Malassez) : the most 
convenient instrument is Gower’s haemoglobino- 
meter {Lancet, vol. ii. 1878, p. 822). (c) Spectro- 
scopically, by comparing the amount of absorp- 
tion of light with that of a standard solution (v. 
Hiifner, l.c., Preyer, l.c. On the Spectrophoto- 
meter, V. S. Lea, J. physiol. 6, 239). The ab- 
sorption coefficient ofoxyhiemoglobin increases 
each time it is reorystaiiised (F. Kruger, Zeit. 
Biol. 24, 471). V. also Fleisghl, Malyhs Jahrh. 
XV. 149 ; Otto, ibid. 146 ; Quinquaud and Brany, . 
ibid. 161 ; E. Lambling, Arch, de Physiol. [4] 
12 , 1. 

OowpowTwfr.—OxyhsBmoglobin. Tins loose 
combination of oxygen and haemoglobin is formed 
in the pulmonary or branchial capillaries, and 
forms the oxygen carrier«to«the tissues to which 
it goes, and where it parts with its oxygen, re- 
turning in the vetious blood for a fresh supply. 
As ^ready stated, this compound can also b4 
made artificially from hmmoglobin when in solu- 
tion outside the body. For the most recent work 
regarding tfie dissociation of oxyheemoglobin v, 
Hiifner, Zeit. physiol, ffhm. 10, 668 ; 18, 286. 
Carbonic oxftle haemoglobin is formed when car- 
bonic oxide is breathed instead of, or mixed in 
undue proportions with, oxygen. The formation 
of this substance is the cause of death in poison- 
ing from this gas, which is contained, Use ia- 
' stance, in the fumes of bdming charcoal. The 
compound has a bright therry-red colour, is 
much more stable than oxyheemoglobin. Its 
absorption bands are very like those of oxybiemO'r 
globin, but they are situated rather neanr to 
the blue end of the speotnun (tee tpeohnuo. dh 
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thb addition of reiuoing agents does not cause 
any reduction to the condition of heemoslobin. 
It can be obtained in a crystalline condition, 
and the crystals are of the same form as those 
of oxyhaBmoglobin, but are more stable. For 
other tests for CO hcemoglobin v. Hoppe*Seyier 
physiol. Chem. 2, 131), Salkowski {ibid. 
12, 227), Eatayama (Virch. Arch.^l8ti8, p. 53). 
Kitrio oxide heemoglobin forms similar crystals, 
and in solution has an absorption spectrum re- 
sembling those of the two preceding substances. 
These three compounds are isomorphous, one 
molecule of each gas being replaceable by one of 
either of the other two, and is presumably linked 
with one molecule of hasmoglobin. Compounds 
of hiemoglobin with acetylene and ^ith hydro- 
cyanic acid have been also described (Hoppe- 
Seyler, Med, Chem. Unters. 2, 207). 

Metheemoglobin. This is occasionally found 
in the body ; e.^.in sanguineous effusions and in 
the urine. Our chief knowledge of it is, How- 
ever, obtained from preparations of it from 
haemoglobin made artificially. By simply allow- 
ing blood to stand for some days it turns acid, 
and of a brownish tint, and its hamoglobin is 
found to be wholly or partially transformed into 
raethaemoglobin. It may also be obtained by 
adding oxidising agents to blood, or to solutions 
of oxyhaemoglobin or haemoglobin, e.g. potassium 
permanganate, potassium ferricyanide, nitrites, 
&o. (for a list of such substances v. G. Hayem, 
Compt. Rend. 102, 698). On the subsequent 
addition of reducing agents, first oxyhemoglobin 
and then haemoglobin is again foimed. This is 
seen best by spectroscopic examination. The 
reduction, however, cannot be effected by simple 
mechanical means like a vacuum or a stream of 
hydrogen. The typical band of methoBmoglobin 
is situated in the red between the c and n lines, 
rather nearer to the former (see spectrum, 6) ; in 
a dilute solution three other bands are seen (bee 
spectrum, 6). Methaemoglobin may also be ob- 
tained in a crystalline form (guinea-pig, tetra- 
hedra; rat, squirrel, hq^se occasionally, hexa- 
gonal; in most ot^r animals, rhombic). A 
ready method of obtaining these crystals for 
microscopic exa&ination is by shaking a few 
drops ‘Of amyl nitrite with a few c.c. of defibrin- 
ated blood, and then on mounting on a slide a 
drop of the mahogany-coloured mixture that 
results, crystals appear in a few minutes (Halli- 
burton, QiMri. J. of Mic. Sci. 1887, 201). Other 
methods consist ii^adding a nitrite and alcohol, 
and freezing (Gamgee, Phil. Trans. 1868, 589, 
srhere they are described, however, as a com- 
pound of hemoglobin with nilrous acid), or ferri- 
cyanide of potassium may be used instead (Hiif- 
ner, Zeit. Physiol. Chem. 8, 366). Sorby con- 
sidered methemoglobin as a peronwhemoglobin 
{Quart. J. Mic Sci. 1070, 400). Hoppe-Seyler 
on the contrary believed that it wn a suboxyhs- 
moglobin, intermediate between oxyhaemoglobin 
and haemoglobin, but that the oxygen was more 
finnly combined than it is in oxyhaemoglobin ; 
he tound by removing some of 2he oxygen from 
oxyhiemoglobin by means of an air-pump, or b^ 
nascent hydrogen, that metluemoglobin was 
formed (Zeit. Physiol. Chem. 2, 150). Hiifner 
and ElUz {ibid. voL viL), having been able to 
obtain pure crystallised methsemoglobin, have 
loimd that the oxygen in both that compound 


and in oxyhemoglobin are equal in amount bat 
combined more feebly in the latter. 

ParaheemogZobin.— This was described by 
Nencki and Sieber ^rch. Exper. Path. u. 
Phannakol. 10, 331 ; Ar. 18, 2126) as a special 
compound; but is regarded by Hoppe-Seyler 
{Zeit. Physiol. Chem. 10, 331) as a coagulation 
'product brought about by the action of ^cohol 

Dkbxvativbs or Hzsmoolobik. 

Hasmatin (CaHHjjNgFejjOjo) is the brown pig- 
ment obtained by the action of acids or alkalis on 
hemoglobin in the presence of oxygen. This 
decomposition occurs more readily in the haemo- 
globin of some animals (dog, man, t&c.) than in 
others (herbivora) (Eriiger, Zeit. Biol. 24, 
318). It may be obtained by adding acetic acid 
to blood, and then extracting ^he htematin with 
ether. Mac-Munn recommends the following 
method: blood clot is extracted with rectified 
sjfirit containing sulphuric acid (1 in 17) ; the 
extract is filtered and agitated with chloroform, 
which assumes a reddish-brown colour and is 
separated/- filtered, and washed with water to 
remove the acid. On evaporating the chloroform 
the htematin is obtained as a bluish -black powder 
(J. Physiol. 6, 22). Hoppe-Seyler obtains hauna- 
tin from htomm, which is first dissolved in solu- 
tion of potassium hydrate, and the hamatinppd. 
by hydrochloric acid [Med. Chem. Unters. ^,523). 
Htematin dissolved in an acid solution shows 
four absorption bands (4 banded haematin or 
b<ematoin) ; first, one between the c and d lines, 
this is the most distinct and is nearer to the o 
line than the corresponding band of methaBmo- 
globin ; secondly, a faint narrow band close to 
n ; thirdly, two much broader bands, one4)etween 
D and E and another between e and r (see spec- 
trum, 7). When hiematin is dissolved in an alka- 
line solution (alkaline hEsmatin) one band only 
is seen, viz. a faint shading on the red side of 
the D line (aee spectrum, 8). There is, however, 
a large absorption of ^he violet end of the spec- 
trum. On adding reducing agents to alkaline 
hfiomatin, the bands of reduced hiematin (heemo- 
chromogen) are seen. 

HaBmatm is insol. water, ether, alcohol, and 
dilute acids ; v. sol. solutions of caustic alkalis, 
and hot alcohol holding sulphuric acid in so- 
lution. It can be heated to 180® without under- 
going decomposition; at a temperature above 
this it burns and evolves hydrocyanic acid, and 
leaves an ash of oxide of iron amounting to 12*6 
p.o. 

Heeirtocliromogen ( 0 , 4 H„N 4 Fe 04 ). When 
haemoglobin is decomposed in the absence of 
oxygen, instead of hiematin, a substance of a 
purple colour called haBinochromogen is pro- 
duced, which is converted into heematin in con- 
tact with oxygfin. A solution of oxyhaimoglobin 
is freed from^ oxygen by a stream of hydrogen, 
and then mixed with an alcoholic solution of 
sulphuric acid or caustic potash (Hoppe-Seyler, 
M^. Chem. Unters. 4, 628, 877 ; Zeit. physiol. 
Chem. 1, 138). This substance is identical with 
the reduced hiematin of Stokes, obtained by 
adding a reducing agent like ammonium sulphide 
to alkaline hsematin in the presence of protei'de 
(Jaderholm, Malyhs Jahrb. 6, 85 ; Linossier, 
C. B. 104, 1296). Haemoohromogen shows two 
absorption bands, one midway between the » 
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Alid 1 lineii and the other ooott{tymg the apace 
between ■ and b (see speotrnm, 9). In testing 
for blood where the hasmoglobin has undergone 
decomposition, as in old^tains, the most readily 
obtained spectrum is tnat of hoBmoohromogen. 
The stained fabric is extracted with a little 
eaustio alkali, and ammonium sulphide or hypO| 
sulphite of soda added; the two bands of hsemo- 


immediately below n, and another nearly inter- 
medi|jte between n and s (see spectrum, 10). The 
alkahne solution has four bands: one between a 
and D, two between n and s, and a fourth, which 
extends through | of the space between b and 
V (see spectrum, 11). A second iron-free deriva* 
tive has been obtained from heematin by Hoppe- 
Seyler ; he sails it hcmatolin (OMH,aNaO,), it 



1 . Solar spectrum. 

а. Spectrum of oiyhaamoglobln (0*37 p.o. solution). First bnud, A 68S-664 ; seoond band, »66-ol7, 

8. Sneotrum of haemoglobin. Band, A 697>fi36. 

4 . Speotrum of GO htemoglobln. First band, A 683-564 ; seoond band, 647-621. 

5. Spectrum of methjemoglobln (concentrated solution). 

б. Speotrum of methsemoglobin (dilute solution). First band, A 647-622; second band, A 687-671 ; third bai — , 

683 ; fourth band, A 614-490. • • 

7. Spectrum of acid heematin (ethereal solution). First band, A 666-616 ; seoond band, A 697-677 ; third band, A 687- 

699 ; fourth band, A 617-488. • 

8. Speotrum of alkaline hmmatln. Band from A 631^62. • 

9. Speotrum of h»moohromogen (reduced haematln). First band, A 669-642 ; second band, A 635-604. 

10. Speotrum of acid hmmatoporphyrln. First band, A 607-693 ; second band, A 885-636. , 

11. Speotrum of alkaline hmmatoporphyrln. First band, A €33-612 ; second baud, A 689-664 ; third band, A 648-639 ; 

fourth band, A 518-488. _ 

The abort measurements (after Hac^unn) are In nilUonths of a millimetre. The liquid was examined in a layer 
one centimetre thick. The edges of lU-ueflned bands rary a good deal with the concentration of th^solutlon. 


ohromogen or in weak solutions the better marked 
band (that between n and x) then appear. 

Httmatoporphyrin (0 «bH;AO„). Thispk. 
ment is obtain^ by adding blood or pure haemS- 
tin to oono. sulphuric or hydrochloric acid ; the 
action of the acid is to remove the whole of the 
iron in the condition of a ferrous salt. It can 
be ppd. by adding water to this compound. The 
pp. is soluble in water and in alkaline leys. The 
acid solution exhibits spectroscopically one band 


is nearly insoluble in sulphuric acid and caus- 
tic alkalis. Various derivatives of hsematopor- 
phyrin (htematoporphyroidin, isohsematoporphy- 
rin, (ko.) are described by Nobel (C. G. ^87, 
f|i88). Hmmatoporphyrin Occurs as a natur^ 
pigment in many invertebrates ; e.g, in the dorsal 
streak of the earth-worm. It is probably deriveo 
here not from heemoglobin, but from histo- 
heematins which occur in these animals, and 
which yield many of the decomposition products 
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of haatnoglcbin (MacMunn, J. Physiol, 8, 884). 
A denvative called uro-haematoporphyiin may 
oooiir in morbid human urine (MaoMunn, J. 
Physiol 10, 71). 

Haemin. Mydrochlorido of Eamatin, This 
is obtained for miorosoopioal examination by 
boiling blood with glacial acetic acid and acrys-t 
tal of sodium chloride (fresh blood contains, 
however, sufficient sodium chloride) on a slide ; 
on cooling, rhombic crystals of a dark-brown 
colour separate (Teichmann) ; this is one of the 
best tests for blood. It has been prepared on a 
large scale by Hoppe-Seyler, who ascribes to it 
the formula 0,8H7oN8Fe20,o2HCl. «Similar crys- 
talline compounds are obtainable in which hy- 
drobromic and hydriodic acids respectively take 
the place of HCl in the above formula (V. D. 
Harris, Brit. Med. J. 1886, 2, 103). Nencki a. 
Bieber {Ber. 17, 2267 ; 18, 392 ; Monatschr. 9, 
116; Arch. f. exp. Path, und Pharmaic. 24) 
ascribe to haematin the formula Ca2Ha2N4Fe04 ; 
and say haemin crystals are composed of the 
hydrochloride of its anhydride C3.JI30N4FeOa.HCl. 
Their formula for haamatoporphyrin is C32H30N4O0. 
Of this they describe an anhydride and a crystal- 
line hydrochloride. It is isomeric with bilirubin. 

Cyan-heematin. A compound with this name 
is said to be formed when potassium cyanide is 
added to an ammoniacal solution of pure hiema- 
tin. It exhibits spectroscopically one band ex- 
tending from n and s, and split into two by re- 
ducing {^ents. 

Nitric oxide Haimtin.— This is produced 
by passing nitric oxide into an alcoholic solution 
of hsematuf. Its absorption bands resemble 
those of oxyhaamoglobin (Linossier, C. 22. 104, 
1296). 

Assmatoidin. Everard Home (A Short TraH 
on the Formation of Tumours^ London, 1830) 
first described certain microscopic crystals in 
old extravasations of blood ; e.g. in apoplectic 
dots ; to these Virchow ( Virch. Archiv, 1, 383) 
gave the name haBmatoidin, and recognised that 
they were derived ifoih the colouring matter of 
the blood. The same substance occurs some- 
times in an amorphous condition. The crystals 
have also been found in the urine {v. Eeckling- 
hausen, Landois). The crystals are identical in 
form with those of bilirubin, the chief colouring 
matter of human bile, and give Gmelin’s colour 
reaction with fuming nitric acid. It has the 
same formula 0..ja[^5N408. Neither hiematoidin 
nor bilirubin snow spectroscopic bands, but 
absorb the violet end of the spectrum powerfully. 
Although Holm {J. pr. 100; 142) and Preyer {Die 
Blnihry stalls, 187) deny the identity of the two 
substances, Salkowski {Med. Chem. XJnters. 3, 
436) and the majority of physiological chemists 
are, however, now ^ the opinion that the two 
are identical. Holm and Preyer probably mis- 
took the lipochrome (lutein) of the cow’s ovary 
for hasmatoidin (Thudichum, Proc. 22. S. 17, 
266). 

Other animal pigments, (bilirubin and the< 
otner colouring natters of the bile, stercobi]in, 
the pigment of the fseces, certain urinary pig- 
ments, melanin, fhe black pigment of the skin, 
retina, and of melanotic sarcomata, are all pro- 
bably derived from hasmoglobin. The allied pig-^ 
ments myo-haamatin and the histo-hsamatins 
will be described under Mubcli. W. D. H. 


' HALOOSN SLEHENTB. The four element 
F, 01, Br, and I are classed together under th 
name halogens, or salt-formers. The name ws 
given by Berzelius ^ehrbuch, 1, 266 [6th ed.] 
to those non-oxygenalbd radicles, simple or con 
pound, which combine with metals to form salti 
Berzelius regarded all salts as formed by th 
union of a positive and a negative radicle. H 
applied the name salt-former to the negativ 
radicles, more especially to those which do nc 
contain oxygen, and yet more particularly to th 
simple radicles F, Cl, Br, I, and the compoun 
radicle Cyanogen. The nomenclature has bee; 
maintained as^regards the elements F, Cl, Bi 
and I. The binary compounds of these element 
are usually called haloid salts. This name wa 
also introduced by Leih^elius ; he used it to dis 
tinguish salts formed by the union of metal 
with F, d, Br, I, or CN from salts formed by thi 
anion of two radicles, each of which oontaine( 
a common element, e.g. oxygen-salts, sulphur 
salts, selenion-salts, &c. 

The halogens are found in combination ver; 
widely distributed. Metallic chlorides are verj 
numerous ; bromides, iodides, and fluorides oocui 
in smaller quantities. The elements themselvei 
are scarc^ly^ found in the free state in nature 
iodine is said to exist in minute quantities in set 
water. Fluorides of all elements are knowr 
except Br, C, 01, N, 0, and some ten or twelv( 
metals (mostly rare metals which have not beer 
• thoroughly examined) ; chlorides of all elements 
except F have been isolated ; bromides of almost 
all elements except F and 0 are known; and 
iodides of all, or almost all, elements except I 
have been obtained. , 

The compounds of the halogen elements 
show resemblances both in composition and pro- 
erties. If X = F, 01, Br, or I, the chief metallic 
alogen compounds may be grouped under the 
forms „ 

(1) MX ; M = alkali metal, Ag, Cu, or Au j 
also Hg and Tl. 

(2) MX^; M = Be, Mg, Ca, Zn, Sr,. Cd, Ba, 
Hg ; also Cu ; In ; Sn, Pb ; Fe, Ni, Co ; the Pt 
metals. 

(3) MX,; M=A1, Ga, In, Tl; As, Sb, Bi; 
Fe, Cr. 

(4) MX4 ; M = Ti, Ge, Zr, Sn, Ce, Pb, Th, Mo, 
U ; the Pt metals. 

(6) MX,; M = Nb, Sb,Di,Ta; Mo, W. 

M) MX,; M-W. 

The non-metallic halogen-compounds for the 
most part belong to the following forma 
*(i.) MX; M = H. 

(ii.) MXj; M = S,0, Se,Te. 

(iii.) MX,; M = B,N,P, As. 

, (iv.) MX,; M = 0, Si, Te. 

(v.) MX,^. M = P. 

The rey^emblanoes in the composition of the 
halogen-compounds are further brought out by 
the formuljB of oxyacids. These oxyacids for 
the most part belong to the four classes HXO, 
HXO.2, HX0„ HXO4 ; but no oxyacid of F has 
yet been isolated. 

The halogens are all strongly electronegative; 
none of them replaces the hydrogen of acids to 
form salts. They combine directly with very 
many elements, and much heat is usually pro- 
duced in the process. F is especially energetic 

In its raaotinna • it raAntH witli rtnU wotoi* 
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Monised 0 and HF, whereas 01 only reacts 
rapidly with water at a red heat, and the reac- 
tions of Br and 1 with water at high tempera- 
tures are very slow. B 

A oomparison of the Binary eompounds of 
the halogens with H, and of the ternary com- 
pounds withH and 0, brings ont the resemblances 
and differences between the four elements. The 
compounds HX are all gases at ordinary tem- 
peratures ; the formula HX expresses the com- 
position of the molecules of each, but at low 
temperatures the VJ). of hydrogen fluoride is 
greater than that calculated from tha formula 
HP. According to Thorpe and Hambly (C. S. 
Trans, 1888. 765 ; 1889. 163j^ there is no proof 
of the separate existence throughout any cdn- 
siderable temperature-ut^rval of molecules 
heavier than there whlse composition is ex- 
pressed by the formula HP. Aqueous solutions 
of HX all contain acids ; whether the acidic re- 
actions of these solutions are the reactions of 
HX, or of a compound or compounds, HX.wHjO, 
(? HjX.OH), cannot be regarded as yet finally 
determined {v. vol. i. p. 6.S4 ; ii. p. • 8). The 
readiness with which stable acid fluorides, e.g. 
KP.HP, BiPg.SHP, are formed, whereas corre- 
sponding chlorides, bromides, and iodides are 
few in number and unstable, points t* the prob- 
able existence of H^Pjas the chemicallyreacting 
unit of hydrofluoric acid. The formation of 
these stable acid fluorides, and also of such 
definite acids as SiP4.2HP ( = H2SiP«),BPs.HP 
(«HBP^), SnF^.2HP (-H,SnFa), differentiated 
F from Cl, Br, and I. But it is to be noted that 
HCl, HBr, and HI combine with chlorides, bro- 
mides, and iodides of Hg, Au, and Pt, to form 
compounds which react as definite acids, e.g, 
H^gCl,, H,HgL, H^tBre, HAuBr,. The heat 
of neutralisation of Hb''Aq is 18 to 19 p.o, greater 
than that of the other acids, HXAq; on the 
other hand, the relative affinity of HFAq is very 
small, while HCIAq, HBrAq, and HIdq are very 
strong acids (c/. Affinity* voI. i. p. 75). , ^ 

Acqprding to the electrolytic dissociation- 
hypothesis of chemical change in solution (v. 
Physical methods), the small affinity of HFAq 
indicates that in solution only a few molecules 
HP (or ? HjFj) are dissociated into their ions ; 
whereas most of the molecules HCl, HBr, and 
HI we dissociated in aqueous solutions of these 
compounds. If this is so, it is probable that 
the affinity of F for H is much greater than 
that of either Cl, Br, or I for H. The stability 
of the fluorides generally, and especially the 
stability of some non-metallio fluorides contain- 
ing relatively much P, compared with the Rela- 
tively unstable character of corresponding chlor- 
ides, bromides, and iodides, points to the affinity 
of F for metals and non-metal| generally, %s 
being greater than that of any of the other three 
halogen elements ; e.g. compare PR’s with POlj, 
or BiF, with BiOlg. ^ 

Br decomposes most iodides with liberation 
of 1 ; 01 decomposes both bromides and iodides 
with liberation of Br or I respectively ; the r®- 
actions of F with chlorides, bromides, and 
iodides have not been yet examined. 

The atoms of the halogens are monovalent 
in gaseous molecules. The gaseous molecules 
of Cl, Br, and I are diatomic ; but the vapoua. 
densities of bromine and iodine indicate the 


gradual dissociation of the dlij^mio moleouleg 
Br. and I, into the monatomio molecules Br 
and I bI temperature increases. In the ease of 
iodine dissociation is almost complete at about 
1500®, but the lowest S.G. obtained for bromine 
(at 0. 1570®) agrees approximately with that cal- 
culated for §Br2. The results obtained with 
^chlorine at c.^500® indicate only a very slight 
dissociation of the diatomic molecule Gl^ Ex- 
periments in this direction have not yet been 
made with fluorine. (For details v. Bromine, 
vol. i. p. 536; Chlorine, vol. ii. p. 11; and 
Iodine.) I dissolves in ether and some other 
solvents to form red solutions, and in CS,, &o., 
to form violbt solutions ; Loeb’s results (C. 8, 
Trans. 1888^ 806) indicate that the molecule of 
I in the red solutions is probably I„ and that in 
the violet solutions the molecule is less complex 
than this ; the values obtained were between I, 
and Ij. 

T^ie halogens show a gradation of prominent 
physical properties : F is a colourless gas, 01 is 
a yellowish-green gas easily condensed to a 
liquid, Br is a dark-red liquid with low B.P., 
and I is a lustrous greyish-violet solid. 

None of the halogens combines directly with 
' O. In their compounds with 0 and with 0 and 
H the halogens show considerable differences. 
No oxide of F or Br has yet been isolated ; the 
oxides of Cl which certainly exist are Cl^O and 
ClOj ; only one oxide of I, viz. IjOj, has been 
certainly isolated. The oxides of Cl are very 
unstable explosive gases ; IjO* is a stable well- 
defined solid. 01.^0 is the anhydride of hypo- 
chlorous acid HCIO ; ClOj reacts^with water to 
form both chlorous and chloric acids HClOj and 
HClOj ; IjOj is the anhydride of iodic acid HIO,. 

Ihe oxyacids of Cl are HOlO, HOlOj, HC10„ 
and HCIO, ; only the last has been obtained apart 
from water, the others are known in aqueous 
solutions only. The oxyacids of Br are HBrO 
and HBrO,; neither is known otherwise than 
in aqueous solution. The oxyacids of I are 
HIO3 and HjIOj; both have been isolated as 
solids. No oxyacid of F has yet been obtained. 
Solutions of the two acids HCIO and HBrO are 
obtained by similar processes, •viz. by reactions 
between HgO and ClAq or BrAq; •when 
Ba(C103)2, Ba(Br03)2 or Ba(IO,)2 is decomposed 
by the proper quantity of dilute H^SO^Aq, a 
solution of the corresponding acid, HCIO,, 
HBrO,, or HIO,, is obtained. Salts of these 
acids are a^so obtained ly^iffising chlorides, 
bromides, or iodides; the conditions differ some- 
what in each case (v. vol. i. p. 537 ; ii. p. 15 ; and 
Iodine, oxtaoids of, in vol. iii.). The following 
thermal data regarding the formation of 
hydracids and oxyacids of the halogens are 
taken from Thomsen : — 

M=04 M=Br M=I 

fH,Ml .« . 22,000 8,R40, - 6,040 

rH,M,Aq]. . 39.316 28,380 18,170 

[H,M,0,Aq] . 29,930 26,080 — 

[H,M,0’,Aq] . 23,940 12,420 56,800 

Thomsen also gives these data 
• [M^O,Aq] . -8,490,-16,200 -• 

^MAq,0»] .-16,880 -16,960 42,630 

These numbers connect the* differences between 
the relative stabilities of the aoids of Cl, Br, and I, 
with differences between the quantities of energy 
degraded in thehf formations from their elements. 
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Fnmi Thomi^*B thermal ttlues ive might 
fairly expect HtO, to be a more stable acid than 
H010,or HBrO, ; we might also expedt HIO,Aq 
to be more readily produced by oxidiBing HIAq, 
than HCiO,Aq or HBrOjiiq from a solution of 
the corresponding hydracid ; and we might also 
expect HI or Hlhq to he more unstable than 
the corresponding compounds qt 01 or Br. 

Ohlorine water is an oxidising agent; but 
the oxidising action of bromine water is very 
small. Thomsen's thermal measurements con- 
nect these facts with energy-changes ; he gives 
the following constants of (mdation 

S (i) 2CH,01,Aq]-[H^0]- 10,270 

(li) 2[H,Br,Aq] - [H»,0] - 11,600. 
i) represents the heat produced^when ohlorine 
ecomposes water with formation of HOlAq and 
O ; (ii) represents the heat which disappears in 
the corresponding reaction of Br with water. 

The heats of formation of 01,0 and LOj are 
very different: [C1^0] - - 17,930; [P,0»] =46,030 
(Thomsen). If we compare the heats of forma- 
tion of the oxyaoids of Cl and Br with the heats 
of formation of the oxyacids of I, we see that 
the quantity of heat produced in the cases of Cl 
and Br decreases as the quantity of 0 increases, 
but increases in the case of I as the quantity of 
0 increases (v. supra). The heat of formation of 
periodic acid HjIO« is very much greater than 
that of any other oxyacid of I ; Thomsen gives 
[HM,0',Aq] = 184,400, and [HIAq,0<3 = 34,610. 

Chlorine and iodine are the only halogens 
which form oxyaoids higher than HMO,; per- 
chloric acid is HCIO4, but the only periodic acid 
which has hpen isolated is HsIO,. The compo- 
sition of these two acids marks a point of differ- 
ence between Cl and I. A great many periodates 
are known which have few if any analogues 
among the salts of Cl oxyacids. The periodates 
may Ito arranged in four classes : 
nuta-periodatest e.g. KIO,, derived from the 
hypothetical acid flI04 ( = HjIO,-2HjO) ; 
nteso-periodates, e.g. P1^(I04),, derived from the 
hypotheticd acid ( = 
para-periodates, e.g^JB&i(10iji, derived from the 
acid HjIO, ; 

di-periodates^ e^g. K^IjO,, derived from the hypo- 
•ihetical acid HJjO, (-2H5I04— 3HjO). 

(For details v . Pcnodafw, under Iodink, oxt- 
ACXD8 or.) 

The oxyacids of 01 and Br are all mono- 
basic; but periodic acid HJO, is pentabasio, 
and iodic acid 510, or HjIjOe in probably di- 
l^io (v. loDnnE, oxyacids or). 

The affinities of the hyd^acids of Cl, Br, and 
I are approximately equal ; the affinity of ]^Aq 
is very small, less tl^n ^th of that of HGlAq. 
The affinities of the oxyacids of the halogens, 
except that of HC10,Aq, have nifi; yet been de- 
termined ; HC^OjAqCs nearly as strong an acid 
as HClAq. The data for compariag the increase 
in the affinity of an acid when H is substituted 
by P, Cl, Br, and I respectively are as yet very 
meagre; from the measurements which have 
been made the substitution of til seems to raise 
the affinity a little more than substitution of £r 
or P. 4. 

In the classification of the elements on the 
basis of the periodic law (e. vol. i. p. 861 ; also 
OLAssmcATioN, vol. ii. p. 208) the halogens ere 
placed in Oroup VIL, 01, Br, and I in odd scries. 


(8, 8, and 7), and P in an even serida (2 
Group YU. also contains Mn. The analogic 
between Mn and the halogens are bqt feebl; 
marked. Physicall^Mn is a metal ; ohemioall; 
it is both metallic Ad non-metallio. The per 
manganatjea M^MuC^ are generally isomorphou 
with the perchlorates, and with some of thi 
meta-periodates. There are many gaps ii 
Group YII. ; at least four elements belongin( 
to even series, and two belonging to odd series 
have yet to be discovered. The position of Mn 
following a series of metallic elements, and fol 
lowed by the metals Pe, Ni, and Co, would lead 
us to expect pronounced metallic properties in 
this element. * 1,'poking generally at the varia- 
tions of properties in groups and series, we 
should expect the sn^logy between Cl, which is 
the first Wmber of t^e odd series of Group VIL, 
and Mn, which belongs to the even series, to be 
but feebly marked; we should also expect to find 
the resemblances between the othdr even-series 
members of the group (when they are discovered) 
to be less distinctly marked than is the case in 
the lower groups, and we should expect to find 
all the odd-series members (Cl, Br, I, and two 
elements yet to be discovered) to resemble one 
another fairjy closely. 

For details about the individual halogens v. 
Bbomine, Culorine, Fluorine, and Iodine. 

M. M. P. M. 

HALOGENS, BINABT COMPOUNDS OF 
THE. The four halogen elements form nume- 
■rous binary compounds both with metals and 
non-metals. The compositions of the chief com- 
pounds in question are represented by general 
formulas in the preceding article. Metallic 
fluorides, chlorides, bromides, and iodides may 
generally be prepared by dissolving metals or 
their oxides or carbonates in solutions of HP, 
HCl, HBr, or HI, and evaporating; many are 
also formed by the direct union of the elements ; 
some are 'produced by reactions between metallic 
oxides or hydroxides and Cl, Br, or I (probably 
a similar reaction will be found to occur with 
F). Metallic fluorides are not decomposed by 
heat alone ; many of them are unchanged even 
when heated with carbon or oxygen ; a few me- 
tallic chlorides are decomposed by heat alone to 
metal and Cl, e.g. PdCl, ; some are reduced by 
heat to lower chlorides, e.g. CuCl^ to CuCl ; but 
the majority are volatilisable without decompo- 
sition ; metallic bromides and iodides as a class 
resemble chlorides in their behaviour towards 
heat ; piany chlorides, bromides, and iodides are 
decomposed with formation of oxy-haloid com- 
poifinds or of oxides by strongly heating in moist 
air or oxygen. As a ol^ss, metallic chlorides, 
bromides, and iodides are soluble in water ; some 
are decomposed to oxy-haloid salts ; on the 
whole the iodides are less readily decomposed by 
water than the chlorides or bromides ; metallic 
fluorides are generally insoluble in water ; they 
are distinctly more stable towards water than the 
other h^oid salts. Metallic fluorides very readily 
combine with HP to form acid salts, which are 
generally decomposed by beat with formation of 
the normal salt and HP. A few chlorides, bro- 
mides, and iodides combine with HCl, HBr, and 
HI respectively ; but such acid chlorides are com- 
'^paratively few in number, and are much less 
stable tb* 



HARMALINE. 


®lie noJi-metftllio halogen binaify compounds 
as a class are gasifiable ; some, however, are de- 
composed bj heat, e.g, chlorides and bromides 
of S ; generally speaking tl^ fluorides are more 
stable ^an the correspondjlg compouiids of the 
other halogens. Most non-dTetallio chlorides and 
bromides are decomposed oy water with forma* 
tion of haloid acid and an oxyaoid of the non- 
metal ; in this respect iodides are more stable 
than chlorides and bromides, and fluorides are 
more stable than iodides. 

Chlorine forms binary compounds with all 
non-metals except F; bromine with *al^ except 
F, 0, and perhaps N ; iodine with all except B ; 
and fluorine with all except Br. CH, 0, 0, and N. 
The binary compounds of thrhalogens with H 
are acids, HCl, HBr, and HI are strong acids, 
but HF has a very smalAaffinity. Tlse binary 
compounds which the haiogens form by com- 
bining one with another are not numerous ; the 
chief are IPgf ICl, ICI3, IBr, BrCl ; the only one 
of these which has been gasified without decom- 
position is ICl. M. M. P. M. 

HALOID SALTS. Binary compounds of the 
halogens F, Cl, Br, I, with metals. • 

HAMATHIONIC ACID C.^H.^SO,*. An acid 
produced by the action of cgi euxanthic 

acid (Erdmann, A. 60, 240). Syrup ; deiomposed 
by boiling water. — PbjOuH ,.SO,3. 

HABMALINE 0,3H,^N^0. Hannine di- 
hydride. [c. 238®]. Occurs, together with harm- 
ine, in the seeds of Perganum harmala, a plant , 
growing in Southern Itussia. These alkaloids 
make up 4 p.c. of the seeds, and are found in 
the seed coating, not in the kernel (Gobel, A. 
38, 363; Vritzsche, A. 64,360; 68, 361, 365; 
72, 306 ; 88, 327). Occur probably in the form 
of phosphates. 

Prcparatioiu — The seeds are extracted with 
dilute HOAc or HjSO^, and the brown extract 
mixed with NaCl. The hydrochlorides of the 
bases are ppd. together with colouring matter ; 
the pp. is washed with brAe, and then treated 
with puri water, which dissolves the hydrObhlor- 
ides of the bases. The solution is treated with 
animal charcoal and the filtrate heated to 60® 
and mixed with ammonia. Harmine comes down 
first in minute needles, on further addition of 
ammo:^ia harraaline is ppd. in minute scales. 

Properties. — Trimetrio ootahedra (from al- 
cohol) ; a:6:c=»l:l-804.T-416. SI. sol. water and 
ether, m. sol. cold alcohol, v. sol. boiling alcohol. 
On oxidation with HNO3 it forms harmine. 
Harmine is also formed when the acid chrom- 
ate of harmaline is heated to 120®. By heatifig 
with HCl it is converted into harmalol. 

Salts. — The salts Of harmaline are yellow 
and exhibit strong fluorescence.-— B'HCl 2aq u 
long yellow prismatic needles ; m. Sol. water and 
alcohol.— B'aHjPtClg : yellow pp.— 1 jH,jCr,0,: 
Brystalline.— Acetate is crystalline.— BUCy: 
from harmaline hydrochloride and KCy. Formed 
also by dissolving harmaline in boiling dilute 
HCy. Thin tables (from alcohol). By heating 
to 180® or by boiling with water or alcohol it is 
’esolved into harmaline and HCy. It combines 
vith acids ; thus HCl forms B'HCyHCl, a orys- 
ialline powder oomposed of small octahedra. 

Methylo'-iodideWUeL [260®] (0. Fischer 
u Tiiuber, A 18, 400). 
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Hitrp-harmaUne C„H.,(N0|)N,O. [120®]. 

Chrysoharmine. Formed by suspending harm- 
aline (1 fit.) in alcohol (Tpts. of 80 p.c.) adding 
cone. HjS 04 (2 pts.) and, when the solution is 
complete, moderately concentrated nitric acid 
(2 pts.) ; the mixture is heated to 100°, and when 
the reaction is over it is cooled quickly. The 
Mquid then deposits the sulphate of nitro-har- 
maline, which iS washed with alcohol contain- 
ing H2SO4, dissolved in water, and treated with 
EOH. It may be further purified by sulphurous- 
acid with which, unlike harmaline and harm- 
ine, it forms a sparingly soluble salt. Orange 
powder, oomposed of minute prisms (by ppn.) ; 
larger crystal* are deposited from the ^coholie 
solution. SI. sol. cold water, to which, however, 
it imparts a yetlow colour ; m. sol. boiling water ; 
si. sol. cold etheiv More soluble in alcohol than 
harmine or harmaline. It expels NH, when 
heated with ammonium salts. 

Sa^ts.— B'HCl : small yellow prisms. — 
B'jHjPtCla; yellow pp., which ultimately 
assumes the form of minute prisms. — Nitrate : 
yellow needles ; si. sol. dilute HNO,. — 
C„H,.^g(N0^)N20 aq : yellowish-red flocculent 
pp., obtained by adding ammoniacal silver ni- 
trate to a solution of nitro-harmaline nitrate. — 
Normal sulphate: crystalline pp.— B'HjSO, : 
pale-yellow crystalline powder, nearly insol. 
cold water. — B'HCy : obtained by dissolving 
nitro-harmaline in hot alcoholic HCy. Slender 
yellow needles. Resolved by boiling water into 
' HCy and nitro-harmaline. 

Harmine C,jH,2NiO. [267°]. Occurs in the 
seeds of Perganum harmala (v. supra). Formed 
also by the oxidation of harmaline 0^ a mixture 
of equal parts of alcohol and HClAq to which 
a little nitric acid has been added ; the liquid 
is boiled, and on cooling harmine hydrochloride 
crystallises out in slender needles. The solution 
of this salt decomposed by NH, yields the base. 

Properties. — Long colourless monoolinio 
prisms (from alcohol) ; nearly insol. water, less 
soluble in alcohol than ' harmaline, v. si. sol. 
ether. Expels ammonia irqpi boiling solutions 
of its salts. By heating with fuming HClAq at 
110®, barmol and MeCl are fdraied (Fischer a. 
Tauber, B. 18, 400). CrO, oxidises it to harm- 
inio acid. 

Salts.— Colourless ; but in solution they 
exhibit indigo-blue fluorescence. — B'HCl 2aq : 
needles, sol. water and alcohol, v. si. sol. HClAq. 
—B'HCl (from^alcohol).—B'^tCl4; flocculent 
pp., becoming* crystalline wnen the liquid is 
heated.— B'jH^SO^ 2aq ; concentrically grouped 
needles.— B'HjSO, (ftom alcohol).— B'^HjCrjO,. 
— B'HjOjO, aq : radiating n^dles. 

Methylo-iodide B'M^. [c. 298®]* Long 
white needles (F. a. T.). 

Di-ohloro-harmine CnSjoClsN^J). Formed 
by heating a solution of harmine hydrochloride 
(2 pts.) in water (100 pts.) to boiling and adding 
cono. HClAq (16 pts.), followed by EGIO, in 
small quantities until the brownish-red colour 
which at first appdhrs is changed to pure yellow ; 
ojp cooling, di-ohloro-harmine hydrochlori&e 
separates and is washed with dilute HClAq. 
The salt is reorystallised frodT alcohol, and de- 
composed by boiling NaOHAq. Needles (from 
ifiloohol) ; insol. col^ ▼. si. soL boiling, water, 
■ol. alcohol, ether, bensene, and G^ With 
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iodine it form^ a oompoand oontaining 46*5 p.e. 
iodine (C„H,Xl^,OI, requires 47*5 p.o.). 

SsIte.-^iTie salts of di>ohloro*haltei 2 ie are 
T. si. sol. dilate acids; the normal salts are 
partii^y decomposed by much water, di-chloro- 
harmme separating. Ammonia ppts. the base 
from its salts as a jelly ; NaOHAq also forms a 
gelatinoas pp, which, however, becomes crystdl* 
M Jailing with a large excess of 

KaOHAq. B'HOl 2aq : needles (from water) ; 
separated from its aqueoas solution by NaCl us 
subsequently becomes crystalline. 
® changing to needles, by 
aadmg HNO, to a solution of di'ohloro-harmine 
m dilute HNO,. ‘ 

C»H„(N0,)N^ (Fritzsche,^. 
88,328 ; 92, 830). Produced by the action ot nitric 
Mid on harmaline or nitro-ha^maline. Prepared 
by dissolving harmaline (Ipt.) in water ( 2 pt 3 .) and 
the requisite quantity of HOAc, and then adding 
(12 pts. of S.G. 1-40) in a thin “stream. 
The liquid is boiled as long as nitrous fumes 
escape, and the nitro-harmine then ppd. by KOH. 
Yellow octahedra wliich soon change to needles 
(from alcohol) ; si. sol. cold, m. sol. boiling, water, 
si. sol. ether.~H ydroohloride: B'HCl 2aq : 
slender yellow needles. — Di -iodide Bl,. 
Separates as minute yellowish-brown needles on 
the boiling solutions of iodine and nitro- 
hurmine in alcohol. In water, alcohol, and ether 
it is nearly insol. in the cold, but si. sol. on 
warming. Boiling alcohol resolves it into iodine 
and nitro-harmine; boiling dilute H..SO. acts iif 
like manner. 

Bromo^itro-harmine C„H„Br(N0,)N,0. 
Ppd.^ by addition of bromine, followed by am- 
moni^ to a dilute solution of a salt of nitro- 
hamune.^ When bromine -water is added to its 
solution in hot dilute alcohol there is deposited 
on cooling minute yellow needles of the di- 
bromide C„H,oBr,(NO.y)N 20 . 

Chloro-nitro-harmine 0„H,oCl(NO.JN,0. 

Produced by the action of chlorine on nitro- 
harmme or of aqua upgia on harmaline. 

Freparation,-<EsLrmaline (1 pt.) is dissolved 
in water (2 nts.), and the requisite quantity of 
HOAc, and nie solution is poured into boiling 
nifric acid (12 pts. of S.G. 1-40) mixed with 
fuming HGlAq (2 pts.). When the reaction is 
over a solution of NH^Cl mixed with lumps of 
ice is poured into the liquid, which is afterwards 
further dButed, and ppd. by NaOHAq. Bright 
yellow brittle ncass composed of minute needles 
Ppd. from its salts by NH, as a jelly. SI. sol. 
cold, m, sol. boiling watgr and boiling alcohol. 
SI. sol. ether. Iodine solution forms slender 
needles of C„H„ai(NO,)N,Ol 2 , sol. alcohol. 

Salts. — ^B'HCl : slender, hair-like needles, 
m. sol. water. Ppd. from its^hqueous solution 
H(Mq»a8 a JlUy, and by NaOl as white 
flocculi. — B'-HyPtCl, ; slendft yellow prisms 
(from alcohol). 

Harmine tetrabromlde C„H,,,N 30 Br,. Ob- 
tained as a reddish-yellow flocculent pp. on 
adding excess of bromine w a cold solution df 
harmine in dilulfc HaSO, (0. Fischer, B, 22,Vi38). 
Beconverted in^o harmine by SO, or by warm 
aqueous Na,00,. 

Harmine tetrahydride 0„H„N,0. 

Harmaline dihydride. [199°]. Obtained by 
cadacing a hot concentrated solution of harmaline 


in aioonoi by meaag of sodiam fQ 

22,688). JPormadinthewSewayLS^t^^^^^^^ 
Ii^ur rioted (from Soohor^K: 

Mlubon. flwrMctoale Wmsh-gieen, bro'oaii 
deep-grun on .ddi«n of F.OI, or AgNO, S 
a nitrosamine 4H„N,0,. ® 

Apoharmino CAN,. (188«J. Got by distilling 

harmmio acid (v. infra) m a partial vacuum in 
portions of -Sg. at a time (0. Fischer. B. 22 # 
640).— B'HAuOl,: yellow needles.— B'HIaq • 
fan-shaped groups of white needles (from MeOHl* 
decompoaing at 220° without melting, 

Apoharmine tetrabromide OjHgNaBr.. A 
lemon-yellowj>p. got by adding excess of bromine 
^ solrtion of apoharmine in dilute 

HjSO,. 

Ap(^armine tlil^ydride C,H,oNy [49®]. 
(262°). Obtained by reducing apoharmine with 
cono. HIAq and red phosphorus at 160°. Tables 
(from ether-ligroin). Smells of excrement of 
mice. From ether it separates with ether of 
orystdlisation. Its solution in dilute HjSO 
exhibits violet fluorescence. Its hydrochloride 
colours pine-wood deep-orange.— B' HCl : felted 
needles. — B"H.PtClg 2Hq : orange* crystals. — 
SAuCl^ [149°j : reddish-brown needles. 
iVifrooOwinfl C,H.,(NO)N,. [135°]. Small 
needles (from hot water). May be sublimed. 

Harmol C^H.^N^O. [321°]. Formed by 

elimination of a methyl group from harmine 
CitHjjNjO, by heating it with fuming HCl at 
140° (O. Fischer a. Tauber, B. 18, 402). Small 
needles. V. e. sol. aqueous alcohol, si. sol. 
absolute alcohol, nearly insol. water. Dissolves 
in acids and in caustic alkalis. The acid solu- 
tions have a violet fluorescence. 

Harminic acid C,JI,N,0,. [345°]. Formed 
by oxidation of harmine in flOAo with CrO, (0. 
Fischer a. Tauber, B. 18, 403). Formed in like 
manner from harmaline. Silky needles, si. sol. 
hot water, nearly insol, alcohol, ether, chloroform, 
and benzene. Onj^heating to its melting-point 
it evolves CO,, and yields apoharmine fi TT N 
which melts at [183°]. 

Harmalol C„H,2N,0. Obtained as hydro- 
chloride by heating harmaline (3 g.) with cone. 
HClAq (lOo.c.) at 150°. The base may be 
liberated by NaOH. lied needles, sol. hot water, 
si. sol. benzene, sol. chloroform and acetone. 
Readily oxidised by air. It crystallises from 
dilute alcohol with 3aq.— B'HCl 2aq ; crystals — 
B',HPtCl«. ^ 

Acetyl derivative 0,,H,^c.N20. Nodules. 
Hannolio acid C„H,„N,A. [247°]. Formed 

by fusing harmol with KOH, and ppg. the aqueous 
solution of the melt with H^SO^. Small needles 
(from hot water). Th6 solution of its ammonium 
salt gives amorphous pp8.,with salts of Pb, Cu, Ca, 
and Ag. On distilling in a partial vacuum har- 
molio aoW yields a sublimate C„H,„N,0 in small 
needles, si. sol. ether, m. sol. alcohol, forming a 
solution that fluoresces violet. This body appears 
to be a phenol and a base. It forms a platino- 
chloride B'jjHjPtCljCiystallising from hot water in 
small prisms united in stars, si. sol. cold water, 
decomposing at about 180° (0. Fischer, B. 22. 
642h 

HABTIN 0,»H„0. Psatyrin. [210°]. 
,_^0°). A fossdl resin resembling hartite. Crys- 
tallises from petroleum in triolinio nee^es. SI. 
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' «ol. ether and boiling alcohol (Sohrdtter. P. 54. 
%45). 

HARTITE (0,H^o)*- [74^. 8.G. 1-05. A 

foBBil resin found m Styria (Haidinger, P. 64, 
261; Bumpf, /. jpr. 107, ISOjT “V^ite triolinio 
dorystals. V. boI. ether, m. aS, alcohol. 

HATCHETIN. 0. 86 p.o.f H. 14 p.o. [46®]. 
S.G. — *916. A transparent fossil resin found 
ki the coal measures of Glamorganshire (John- 
ston, P. M. 12, 838). Sl. sol. boiling alcohol, 
m. Bol. hot ether. 

HEAT V. Physical methods, section Ther- 
mal. 

HECDECANE v. Hbxadecake. 

HEDERIC ACID 0|,H2g04. A substance 
occurring in the berries and leaves of the ivy < 
{Hedera helix) (Posselt, A 69, 62; Hartsen, 
^r.Ph. April 1875; .'naviefcl P/i. [3] 7, §76; 8, 
206). Needles or delicate scaies (Posselt). Davies 
found it to be uncrystallisable. V. sol. hot alco- 
hol, V. b1. sol. ^thor, CS.^, chloroform, ben25ene, 
and water. Its solution does not redden litmus. 
Cone. H2SO4 colours it a splendid violet, the 
colour lasting some days ; on pouring into water 
a flocculent ^eenish pp. is formed. Accordmg 
to Davies * h^eric acid ’ is not an acid. HNO3 
forms a nitro- derivative C,4Hja(N0J04, v. sol. 
chloroform. Block {Ar. Ph. [3j 26, 953)<^ndB in 
ivy-leaves a glucoside 2aq. 

HELENIN CaH,0. [110®]. Occurs in the 
root of elecampane (inula Helmium), from which 
it may be extracted with hot alcohol (Gerhardt, 
A. 34, 192 ; 52, 389; Gerh. 4,296 ; Kaller, B. 6, 
1506), Needles, nearly insol. water, v. sol. alco- 
hol. The crystals first obtained from the alco- 
hol melt at 72°, being a mixture of hcicniu and 
inula-campfior [64®J ; the latter is got rid of by 
repeated crystallisation from alcohol. 

HELIANTHIC ACID O^H.gOg, An acid 
occurring in sunflower seeds (Ludwig a. Krom- 
ayer, Ar. Ph. [2] 90, 1, 285). Boding dilute HCl 
splits it up into a fermentable sugar an(| an acid 
violet colouring matter. « 

HELI4NTHIN V. Di-methyl-amido-henzene- 
kzo-hemene-sulphonic acid. 

HELICHRTSIN. A yellow pigment con- 
tained in the involucral bracts of Helichrysum 
bractcatum (RosoU, M. 5, 94). Amorphous 
yellow mass, sl. sol. cold, v. sol. boiling, water, 
alcohol, %tnd ether. 

HELICIN C„H, A ».«. (0,H„O..O)CaH4CHO. 
Glucoside of o-oxy-henzoic aldehyde. Mol. w. 
284. [170®] (S.); [174®] (P.) ; [175®] (M.). 

[o]d *»— 60*43 in a 1*4 p.o. aqueous solution at 
20® (Wegseheider, B. 18, 1600). S. 1*6 at 8®. , 

Formation.— 1, By the action of very dilute 
HNOjUpon salicin (CgH„0j.0)CaH4CH20H (Piria, 
A. Ch. [8] 14, 287; B. 14, 804; Sorokin, J. |>r. 
[2] 37,332).— '2. By boiling its benzdj^l derivative 
with magnesia (Piria, A. 96, 380).-^. By the 
action of acetochlorhydrose CfHTUiAo^Oj on 
potassium salicylic aldehyde, the substances 
being mixed in alcoholic solution and left for 
several days (Michael, Am. 1, 808; 0. B. 89, 
855). 

Prepara^tow.— Pulverised salicin Q pt.) is 
mixed with nitric acid (lOpts. of S.G. 1*157) and 
the mixture left to itself; after 24 hours the 
salicin is dissolved and ci^Btals of helioin have 

separated. They are washed with etbar. 


Properties.— Yery slender, white silky nee- 
dles (containing §aq). Neutral, ^^ghtly biiter, 
sl. sol. col^ y. sol. boiling, water, sol. alcohol, 
insol. ethw. At 100® it gives off its water of 
crystallisation. Its solutions are Laevorotatory. 
FeOl, gives no colouration. Gone. HjSO, dis- 
solves it with yellow colour. With NaHSO, 
he^in forms a hygroscopic crystalline mass of 
0„H„0,NaHS0, ^Gchiff, A. 210, 126). 

Eeactions. — 1. Under the influence of emul- 
sin or of boiling dilute acids or alkalis ^ helioin 
is resolved into glucose and o-oxy-benzoic (sali- 
cylic) aldehyde. — 2. Sodium-amalgam reduces 
helicin to salicin (Lesensko, Z. 1864, 577 ; cf. 
Swarts, Institu^ 1866, 325).— 3. When hot alco- 
holio solutions of helicin and urea are mixed 
together, and tba liquid is allowed to evaporate, 
there is formed a Uaick syrup which, when kept 
over BLjS 04, slowly solidifies. Tlie product is 
the di-ureide CbH„ 05.0.C«H4.CH(NH.C0.NH,J, 
and forqgs a hygroscopic crystalline powder, v. 
sol. water, forming a solution that is ppd. by 
Hg3(NOs).3but notbyHNO, (H. Sohiff, 0.12,460). 
4. An alcoholim solution of thio-iuca forms 
CeH„0,.0.C4H4.CH(NH.CS.NH,),, a very hygro- 
ficopio crystalline powder (Schiff).— 6. Aniline 
forms the anilide CaHjiOj.O.CgH, CH:NPh, a 
yellow powder (containing aq), sol. alcohol and 
ether, insol. water. It is prepared by gently 
heating helicin with aniline, treating the product 
several times with acetic acid to remove excess 
of aniline, dissolving the residue in alcohol, 
Adding ether, filtering, and ppg, with water 
(H. Schiff , Z. [2] 4, 638 ; A. 154, 31). By heating 
with aniline at 120® it is converted into the di- 
anilide CjiH^eNjOv Both anilides aire resolved 
by boiling dilute H^S04 into glucose, helicin, and 
aniline.' -6. Tolylene-m-diamine forms in like 
manner (CgH„0j.0.C6H4.0H:N)30„H3Me, which 
crystallises in orange-red tufts; its solution 
exhibits marked green fluorescence. — 7. By dis- 
solving m-amido-henzoic add in a cold aqueous 
solution of helicin a transparent vitreous mass 
is produced, which crystallises from alcohol 
in colourless plates [142®]. This compound 
is C„H„0 v 0.C8H4.CH(0H).NH.C,H4.C03H. On 
beating with acids it is split u^ into glucose, 
w-amido-benzoio acid, and salicylic aldehvdo 
(H. Schiff, Q. 10, 470). — 8. Amido-cuminic etcid 
forms in like manner the crystalline compound 
C„H„0 ,C,oH, 8N02.— 9. By the action of glucose 
I and excess of HOAo on helicin there is formed 

amorphous C^HuOj 

(H. Schiff, A. 244, 26).— 9. By adding leucine to 
an aqueous solution vof helicin saturated with 
gaseous sulphurous acid there is formed 
08H„04.0.0«H4.CH(OH)S05NH3.C,H„.C03H, 
which crystalli^s with difficulty. Other amido- 
’ acids behave in like manner. — 10. A solution of 
helicin (16 pts.) in water ^00 pta) heate#^ 
55® and alternately treated with an aqueous 
solution of caustic soda (5 p.o. solution) and 
acetone (5 pts.) dissolved in water (40 pts.) de- 
, posits on cooling qjystals of the glucoside of di- 
oxx-di-styryl ketone (0„H,j08.0.G8H4.0H:OH)^0 
[^7®], while the filtrate on evaporation deposits 
the glucoside of oxy-di-sty^ methyl ketone 
0^, A-0.0,H4.GH:0H.00.GH, [192^, of which 
the oxim melts at 178^ (Tiemann a. Rees, B. 18ii 

•w*e- 
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T6tra’ac£tyl d6rivativ 
OcH,Ao 40,.0.(^H..GHO. Formed by mixing 
helioin with AoOl ; after 24 hours tl^ solution 
is heated to 60*^, and the product extracted with 
ether and crystallised from alcohol (H. Sohiff, Z, 
[2] 6, 1; A, 164, 22). Shining prisms ; insol. 
water, si. sol. ether and cold alcohol, v. e. sol. 
hot alcohol. Besolved by boiling dilute H.S^4 
into glu(^Be, HOAo, and ssAicylic aldehyde. 
With aniline at 80° it forms the anilide 
C4H^040j.0.0^4.CH:NPh, a yellowish powder, 
sol. alcohol. 

Benzoyl derivative 

04 H,^z 04.0.0^4.0HO. Obtained by dissolving 
populin (1 pt.) in nitric acid (U pts. of S.G. 
1*8). Formed also by treating helicin with BzCl. 
Tafts of silky needles ; si. soli' boiling water, 
m. sol. alcohol, insol. ether. »Not attacked by 
emulsin, but boiling dilute acids and alkalis 
split it up into benzoic acid, glucose, and sali- 
cylic aldehyde. Boiling with water and mag- 
nesia resolves it into magnesium benzoate and 
helicin. Sodium- amalgam reduces it to populin 
C4H,4 BzOs.O.C 4H4CH^OH. Aniline at 160° forms 
a brown resinous di-anilide CjoHj^NaO*. 

Tetra^benzoyl derivative 
CjHjBzjOj.O.C^H^.CHO, From helicin andBzCl 
at 160°. Amorphous. Sol. alcohol and ether, 
nearly insol. water. Aniline at 150° forms a 
brown resinous di-anilide OssH^NjOj. 

Phenyl hydrazide 

C4H,(004H„05).CH:N2 HC,H,: [o. 187°]; white 
slightly cryst^line solid. Sol. alcohol, ether, 
and hot water, nearly insol. cold water. By 
emulsin it is split up into glucose and salicylic 
aldehyde pfienyl-hydrazide (Tiemann a. Kees, 
JET. 18, 1667). 

Oxim C,H4(OC.H„Oi).CH:NOH: [190°]; 
fine white needles containing aq. Sol. water, 
more sparingly sol. alcohol, insol. ether. By 
emulsin it is split up into glucose and salicyl- 
aldoxim. It is IsBvorotatory (Tiemann a. Kees, 
B. 18, 1662). 

Bromo-helioin G^„BrO, aq: gelatinous, 
drying up to an amorphous mass. 

(a).CMoro-lieUcin G,^,jC10,. Obtained by 
a^tating heliSin with water in a vessel filled 
with chlorine. Small needles containing ^aq 
(from water). Sometimes it separates as an 
amorpbons jelly. Nearly insol. cold, m. sol. hot, 
water ; m. sol. alcohol. Emulsin or boiling 
dilute acids hydrolyse it, forming ohloro-salioylio 
aldehyde and glti^xne. • 

(/8).Chloro-helioin 0 „H, 4010 t. A white 
granular substance obtain^ by passing chlorine 
into an alcoholic solution of helicin. Insol. 
water, nearly in sol.* boiling alcohol, not decom- 
posed by emulsin, acids, or alkajjs. 

Jpiphelicin Formed by heating 

hefimn to 166 °. hormed also^by moistening 
helicin with dilute (1 p.o.) nitric acid, leaving it 
some days exposed to the air, and then heat- 
nff to 110° (H. Schifl, B. 14. 818; 0. 11. 112). 
lelly; drying up to an amorpltoofl powder. De- 
Knnposes at 260° ^thout previous fusion. ,^]. 
loL water, alcohol, cold SOBAq, and HOAo. 
toiling dilute HjBOf slowly splits it up into 
glucose and salieylio aldehyde. By warming 
rith vwT dilute HCAAg it if changed into, 
udinary hfUciiit 


Helieoidine 0,^,40,4. This substance, whioh 
ma^ be regarded as a compound of helicin with 
sahein, is obtained by treating salicin with very 
dilute nitric acid ^.G. 1-088) (Piria, A. Ch, [3] 
14, 292), Needles^ntaining l|aq (from boiling 
water). Split up ^ emulsin and by dilute 
alkalis into gluoo8|, salicylic aldehyde, and 
saligenin. Aniline at 70° forms the amorphous 
di-anilide G„H44NaOja. , 

Oeto-acetyl derivative G24H2gA0gO,4. 
[80°]. From helieoidine and AcjO at 100° 
(H. Sohiff, A. 164, 28). Drusio aggregates ; insol. 
water, v. sol. alcohol and ether. 

HSLLSBOBIN 0,4H420g. A glucoside that 
occurs sparingly in black hellebore (Helleborus 
niger) and more'^abundantly in green hellebore 
(jET. viridis) (Husemann a. Marm4, A. 185, 55 ; 
cf. Weppen, Ar, PH. /;8] 2, 101, 193). Prepared 
by extracting old roits of'green hellebore with 
alcohol, evaporating the extract, boiling the 
residue with water, and evaporatir^ the aqueous 
extract till ciystals are deposited on cooling. 
White, concentrically grouped needles (from 
alcohol}, insol. cold water, si. sol. ether, v. sol. 
boiling' alcohol and chloroform. Decomposes 
when heated above 250°. Gone. colours 

it deep red, and then dissolves it with the same 
colour. , Helleborin is a stronger narcotic them 
helleborein. It is resolved by boiling with dilute 
acids, or more completely with cone. ZnCljAq, 
into glucose and helleboresin CigllsgO,. 
Helleboresin is a resinous body, insol. water, si. 
sol. ether, v. sol. boiling alcohol ; water separates 
it from its alcoholic solution as a flocculent pp. 

Helleborein G2sH440,4. Occurs more abun- 
dantly in black than in green hellebore, but is 
present in greater quantity than helJtborin even 
in the latter. The aqueous decoction of the 
root is ppd. with lead subacetate, the concen- 
trated filtrate freed from excess of lead by sodium 
sulphate and phosphate, and the filtrate concen- 
trated apd ppd. with tannin. The pp. is stirred 
up with alcohol and PbO, dried, and exhausted 
with boiling alcohdi; the helleborein is ppd. 
from the strongly concentrated alcohol i2i^ solution 
by ether. Transparent nodular groups of minute 
needles (from alcohol) ; on exposure to air these 
crumble to a yellowish- white hygroscopic powder. 
Helleborein has a sweetish taste, is v. e. sol. 
water, m. sol. alcohol, and insol. ether. It is 
poisonous. The aqueous solution, which scarcely 
reddens litmus, dries up to an amorphous mass 
whioh loses water at 120°, becomes straw-yellow 
at 160°, brown at 220°, and carbonises above 
280°. *0000 . HjS 04 dissolves it with brownish- 
red colour changing to violet. Alkalis and 
alkaline earths have no action upon it. Boiling 
dilate acids split it up into glucose and hello'-* 
l^oretin. Holleboretin is deposited as a dark 
violet-blue ]^. whioh, when dry, forms a g^ey- 
^een amoiphous powder, melting above 200°, 
insol. water and ether, sol. oono. ^S04 forming 
a brownish-red solution whence it is ppd. by 
water in its original state. The alpoholio solu- 
tion of helleboretin is red, and gives a brown 
colouration with H2SO4 (Greenish, G. J. 88, 719 ; 
Ph. [8] 10, 909, 1018). Helleboretin la not 
poisonous. 

ESHSLLITHSlfX v, HxHxmLLXTRiiri. 
HSMEUITBSHB-OABBOXTUQ ACID 
TU’imsiirnaxsoif 
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HEMBLLITHENB SITIPHOVIC 
OEMl-ALBUHEN v. Pbotbidr 

methyl-bemme. (176®). JfcrmeS^hv ^iaSir^’ 

Mllf T ““Jf - -8 

1867 , 19 , 2517). Fonnedllao by the eotion ol 

T**”® ®* (2.1.3)-bronio.xyiene 
and Mel (O. Jacobsen a. Deike, B. 20, 903).^ 
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HEMIMELLITHENOL,CLH.,0 u6 

OgH2Me3(OH) [6:4:3: J]. [8lVj. Formed >y fusing 
the sulphonio aoid of ffemimellithene with 
potash (0. Jaoobaen. B. 19. 2618). Long flat 
n^dles, sol. a*oohol and ether. Not coloured by 

MMIMELIITHIDINE o. Cumidine. 
HEMIMELLITHYLIC ACID t;. Di-bethyl- 

BBNZOrO Aom. • 

HEMIMtLLITIC ACID C 0 U. 

^«Ha(C02H)3[l:2:3]. Hemimellithic add. Benz- 
ene c-tri-carboxylic acid. Mol. w. ^lOe [185°] 
Formed, together with phthalio anhydride, by 
hydride of mellophanio acid 
ai*?* v?*?i ^ H2SO4 (Bacycr, A. Suppl. 7, 
dl). Needles ; begins to melt at 185°, being de- 
composed ^to phthalio anhydride, benzoic acid, 
COj, and H2O. M. sol. cold water. Ppd. from 
its concentrated aqueous solution by HCl (dif. 
ference from phthalio aoid).-Ba3A'" 6aq : short 
thick needles, v. sol. water,— AgjA'" : flocoulent 

pp. 

HEMI-PEPTONE v. Prote'ids. 

HEMIPIC ACID C,„H,oO, i.e. 
W(OMe)2(C02H)2[l:2:3or5:4]. Di-methyl 
[S^] 0/ di-oxy-phthalic add. MoA w. 226. 

Oxidation of opianio 

acid aH2l0Me)2(CH0){C02H) by PbOaand H2SO, 

(Wdhler, A. 60, 17), by aqueous Pt01< (Blyth, A. 
60, 36, 43), or by chromic aoid mixture (Matthi- 
essp, Pr. 17, 341).— 2. By the oxidation of nar- 
cotine by dilute HNO, (Anderson, A. 86, 194), 
by Pbq,and H2SO,, by MnOa and H2SO, (Wdhlor ; 
Lieohti, A. Suppl. 7, 160), or by aqueous PtCl^ 
(Blyth). In these reactions the narcotine is first 
converted into opianio acid.— 8. Together with 

msoonine 0,Hj(0Me),<°^>0, by fusit* opi. 

tnic acid with potash (Matthiessen a, Fostlr, 
11, 68; C. /. 16, 346; Beckett a. Wright, 
V.J. 29, 281). — 4. By the'oxidation of narceine. — 1 
6. By the oxidation of berberine (E.^ohmidt, Bje 
16, 5589 ; Perkin, jun., C. J. 66, 71h~6. By the 
oxidation of papaverine by KMnO^ (GoWsohmiedt, 

6, 380). — 7. By boiling di-azo-hemipio aoid 
(from amido-hemipio acid) with alcohol (Lieber- 
mann, B. 19, 2278; Griine, B. 19, 2303). -8. 
formed, together with oinohomeronio aoid, by 


^ product 18 acidified and thehemipio 
9, 7^65). 4^ (G61d80hmiedt,Jf. 

— Monoolinio efflorescent omtala 
or2iaq). After iying 
17X0 ’ *1. varies from 167° to 

rapidity with which itS 
«ol. alcohol 

and ethe^ Its aqueous solution is aoid in re- 
action. Subhmes in shining lamina. Gives an 

eSrltion!’™ “‘® 

boiling with HClAq or 
methyl derivative of di-oxy-phthalic acid (nor- 

«v? ‘h® “«thyl derive- 

rJ n ®®*^ (ieovanilUo said) 
[26i»].-2. By heating 
with BClAq at 170° it is resolved into MeCl, 
?” “? ®“^“i® f (Wegecheider, Jlf. 

It Heated with seven times its weight 

Of K-OH and a little water at 210° for fifteen 
M, converted into protocateohnio 
acui.-^. Distillation with soda-lime gives the 
m-rnethyl derivative of pyrooateohin (Beckett a. 
Wiight).— 6. Cone. H2SO4 converts it on heating 
mto rufiopin (Liebermann a. Chojnaoki, A. 162, 
027). 

Salts.— NH^HA"aq. Needles.— KHA"4aq : 
large hexagonal tables, v. sol. water and alcohol, 
>msol. ether.— AgjA" : white pp. insol.water.— 
when a solution of the barium 
salt is boiled, shining crystalline plates are de- 
posited ; the liquid on cooUng redfcsolves this 
pp., but after standing for some hours, feathery 
tufts Oa very small silky needles separate ; these 
dissolve on heating, and the crystalline plates 

are again deposited (Matthiessen a. Foster). 

Ferric salt: orange-yellow pp.— Lead salt: 
white pp. msol. water, sol. Pb(OAo),Aq whence 
it separates as transparent nodules. 


{a)-Methyl ether 
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the action of 4 p.c. alkaline KMnO^ on the oi 
methyl derivative of di-oxy-isoquinoUne (Gold- 
schmiedt, M. 9, 827). 

Pr^ration.— Opianio add is oonvertod by 
h/droxylamioe hjdjroddorida into opianio oxim 


(0Me)2(C02Me)(C02rf) (i:3or5;2:l]. [122®]. 
Formed by oxidising methyl opianate with 
aqueous KMnOg at 90° (WegseheWer, M. 3, 369). 
Long trimetrio needles (containing aq or 
Melts at 98® in its water of crystallisation. SI. 
sol. cold, m. sol. hot, water, v. sol. alcohol, ether,* 
and benzene, almost insol. ligroln. Its aqueous 
solution is feebly acid in reaction, and gives a 
golden pp. with FeCl,. On^h^ting to 200® it 
gives hemipic anhydride, ^stillation with 
lime gives the di-methyl- derivative of methyl 
protocatechuate, mSthyl-di-oxy-phthalio a^ 
hemipic acid, the methyl^ derivative of pro* 
tocatechuio aoid (isovanillic acid) and prot^. 
technic aoid. eBy heating with cone. HOlAq 
at 120® it is resolved «ito MeOl, hendoio 


(0)-M$thyl ether 

g,H,(OMo),(COjM»)(C02H) [4:3016:1:9], [IM®! 
Fitoed by passingHCl into a eolation of h^nfa 
acid in MeOH (Wegsoheider. Af. 8, 869 *V 
^derson, A, 86, 196). Trimelrio oryatala (^ 
, chloroform) ; a:6ui» *694:1: *768. 7. sol. water 
l-tJoQhol, ether, and benxene. Its a^ne9ariI3a: 





HEMIPIO AOm. 


tioD gives no pp. with FeOI,. At 200® it yields 
hemipio anhydrHe. 

Ethyl $Mr OoH*(OMe)j(COjEt)(CO,H). 
[182®] (A.); [142®] (W.). Formed by %)as8ing 
HCl into a solution of hemipio aoid in alcohol. 
Needles (from MeOH) or monoolinio prisms 
(from benzene) ; v. si. sol. cold, m. sol. hot, 
water ; v. e. sol. MeOH, v. sol. alcohol and ether. 
Its aqaeons solution is ppd. by FeCl,. 

Anhydride OjoHgOj. [167° cor.]. Formed 
by heating hemipio aoid at 180° for an hour, 
and crystallising from alcohol (Beckett a. Wright, 
C.J. 29, 281). Formed also by treating hemipio 
aoid with POlj (Prinz,*^. pr. [2] 24, 370). Shining 
needles. V. e. sol. hot benzene, v. sol. hot 
alcohol, m. sol. ether, insol. ligroin. Eeduced 
by boiling with zino-dust and HO^c to pseudo- | 
meconine. Boiling dilute alcoholic potash con- 
verts it into mono-ethyl hemipjCie (Matthiesson 
a. Wright, Pr. 17, 341). 

Imide G,oHgN04 i.e. 

04H,(0Me),<^Q>NH (?). [230®]. Formed by 

distilling ammonium hemipate (Liebermann, B. 
19, 2278). Formed also by molecular change 
from the isomeric compound opianic-oxim- 
anhydride by heating the latter to its melting- 
point [116°], heating it with cone. H^SO^, or with 
alcohol containing a trace of HCl. Hence it is 
produced in place of the oxim -anhydride by 
boiling opianic aoid with an alcoholic solution 
of hydroxy lamine hydrochloride (Liebermann, 

B. 19, 2923). Long slender colourless needles 
(from alcohol). The dilute alcoholic and aqueous 
solutions fluoresce blue. Sublimable. Dissolves 
in caustic aU^alis but not in NajCOjAq. Hot 
KOHAq converts it into hemipio acid and NH,. 
Boiling with tin and cone. HClAq converts it 
into ‘hemipimidine’ 0,oH,,NO, or 

C. H,(OMe),<;®®«>NH (?), [181°], which 

c^stallises from benzene-ligrom in larainas and 
gives a nitrosaraine C,„H,o(NO)NO, [166°], 
whence hot aqueous NaOHAq forms nitrogen 
and pseudo - meconinfl C,oH,<,04 (Salomon, 

B, 20, 884).— C.„H^KN04: crystalline solid. — 

C, oH^gN04: white pp. 

Sthyl-imide C.H,(OMo),<;®^NEt ( 7 ). 


with 2 p.g. aqneoD, EM nO, (lOOg.) (OoIcUohmio 
M. 9, 827). Needles (from alcohol). May be 
sublimed. Neutral ; insol. dilute acids and 
alkalis. Split up by boiling KOHAq into hemi- 
pic aoid and benzjriamine, an intermediate 
product being the qrano-benzylamide of 
hernipio acid CeH2(me)2(C02H)(C0NHC,H,), 
which crystallises from alcohol in very slender 
needles, reconverted hj heat into the imide. 
The mono-benzylamide is v. sol. aqueous alka- 
lis; its K salt crystallises in needles, v. sol. 
water ; its Ag salt is amorphous ; the Ca salt, 
CaA'j, crystallises in small needles, m. sol. 
water. 

^^Nitro-hemipic aoid 0^(N0j)(0Me)3(C02H)^ 

Formation, — 1? By boiling nitro -opianic 
acid with HNO, (4 nts.) (Liebermann, B, 19, 
2285 ; Giflne, B, 19, ^303).-— 2. Together with 
nitro-pseudo-meconindt by heating meconine or 
pseudo-meconine (Ig.) with HNO, (10 o,o. of 
S.G. 1‘14) for 1 hour at 160° (Salornon, B. 20, 
888 ). 

Preparation. — When opianic acid is nitrated 
by HNOj and the solid cake produced crystal- 
lised'’ from water, nitro-opianic acid separates 
and nitro-hemipio acid remains in the mother 
liquor. Nitro-hemipio acid is obtained in larger 
quantity h^' heating opianic acid (50 g.) with HNO, 
(50 g.) as long as red fumes come off. The mass 
is crystallised from water and the mother liquor 
mixed with NH, and BaCl,. Baric nitro-hemi- 
pate separates. The free aoid is got by decom- 
i)osing this with H-SO, (Prinz, J, pr. [2] 24. 

859). L J » 

Properties. — Yellow prisms (containing aq). 

Salts.— A"K^: yellow prisms, v. sol. water 
and alcohol. — A'^g,: yellow pp. “ 

Anhydride 

[146°]; thick yellow prisms ; formed by heating 
the aoid to 160°-1G5° (Liebermann, B, 19, 
2286 ; GrUne, B. 19, 2303). 

o-Amido-hemipio acid 0,pH„0,N i.s. 
CrtH(OMe)2(NH,)(COjH)a. Amido-di-methoxy- 
phthalic acid. The free aoid was not isolated 
as its solution easily decomposes on evapora- 
tion. 


[98°]. Formed by heating the potassium de- 
rivative of the imide with EtI, or by distilling 
ethylamine hemipate. Needles (from water) ; v. 
e. soh alcohol and ether (L.). 

7so-imtde 0|5F|,N04. [above 820°]. Formed, 
together with other bodies, by oxidising papa- 
verine with KMnO, (Goldsphmiedt, M. 8, 612). 
Small needles (from water). May be sublimed. 
V. si. sol. hot watery alcohol, and ether, m. sol. 
hot HOAc. The ' alcoholic solution exhibits 
blue fluorescence. Boiling KOHAq splits it up 
inflr^H, and hemipio acid. 

Ethyl’iaO’imide C,oHgB;N04. [227°]. 
Formed by oxidising papaverine ethylo-bromide 
with EMnO, (G.). Needles (from alcohol) ; si. sol. 
boiling alcohol; aublimes in colourless needles. 
Potash converts it into ethj^-hemipamic acid 
OJ^(OMe)2(<X),H)^OONHBt) which resembres 
the correspondin^oenzyl derivative. 

BenMyl-iao-iinida 0„H,(CH3Ph)N04. 
[226°]. Formed, together with other products, 
by oxidising papaverine benzylo-ohloride (d0g.)< 


Formation. — 1. By reduction of nitro-hemi- 
pio aoid with FeSO, endNaOH.-2. By boiling 
the anhydro-acid (so-called ' azo-opianio acid *) 
yCOR 

0,H(OMe),(CO,H)^ll with excess of baryta- 
water. 

Reaction.— Bj diazotisation and boiling witn 
alcohol it may be converted into hemipio add . 
0,H,(OMe),(CO,H),. 

Salts. — i*"Na2 8aq: easily soluble long 
white needles.— A'Q3a : glistening golden-yellow 
spangles, si. sol. water.— A''Ou7aq: slender 
green needles.— A"Ag,* ; yellowish-white pp. 
(Grttne, B. 19, 2801). 

‘ Acetyl derivative 
C,H(OMe},(NHAo)(CO,H),: [160°-170°]; colour- 
less needles containing aq. Heated to 126° it 
is converted by elimination of water into the 
acetyl derivative of the anhy^o-aoid (Lieber- 
mann, 3.19,2921). 
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Anhydro-o-amido-hemipio acid (so-called 
ano^opianic acid ’) 0,oHuOftN i.e, 
O.H(OMe),(CO^)<CO 
/ .COH 

or 0,'EL{0Ue),{0(m)( l| 

J \N 

[200®]. Formed by boililg nitro-opianio acid 
with SnClj and HCl (Prinz, J. pr. [2] 24, 364). 
Long white slender needles (from hot water). 
Decomposed on fusion. It dissolves in cone. 
II.^SO^ and is thrown down unaltered by water. 
It is not affected by sodium-amalgaan, or by 
KMnO^ in presence of H^SO*. By boiling with 
baryta water it is converted into amido-hemi- 
pic acid C„H(OMe),^(NH2)(CO,U)., (Liebermanr^ 
B. 19, 2275 ; Griine, B. 19, 2299). 

Salts .— A'K : white crystalline powder. — 
A'Ag : white pp. — BaA', 6^ ; slender needles. 
Methyl ether MMe: [127°]. 

Ethyl ether A'Et: [98°j; needles, sol. 
alcohol, ethe^ Ac. 

Phenyl hydrazide 
/CO.NPh 

O^H(OMe)2^C^=N : [222°] ; small glistemng 

\nh 

yellow tetragonal pyramids, a:c = 1:0*5947. 
Acetyl derivative * % 

0,H(0Me),(C0,H)<^5j ! [165=]; yellow 

needles. Formed by acetylation of the an- 
hydro-aoid ; by heating amido-hemipio acid with 
Ao,0 and NaOAo ; or by heating acetyl-amido- 
heraipic acid to 125°. By warming with aqueous 
alkalis it is converted into acetyl-amido-hemi* 
pic acid (Liebermann, B. 19, 2920). 

Propwt^l derivative C,oHa(C8HjO)04N : 
[139°]. 

Iso-hemipio acid C^H2(0Me)2(C02H)2[6:4:3:13. 
[246°]. Formed by oxidising iso-opianio acid 
with a dilute solution of KMnO^ (Tiemann a. 
Mendelsohn, B. 10, 398). White needfts (from 
hot water) ; nearly insol. C(iid water, v. sol. al- 
cohol and^ethor. May be sublimed. The salts 
of the alkalis and alkaline earths are easily solu- 
ble and crystallise well. 

Mono-methyl ether MeRA". [167°]. 
Nor-methyl-hemipic acid v. Methyl deriva- 
tive of Dl-OXr-PHTHALIC ACID. 

Nor.^ethyl-nitro-hemipic acid v. Methyl de- 
rivative of Nitro-di-oxy-phthaijc acid. 

Nor-methyl-anhydro-amido-hemipio acid v. 
Methyl derivative of Anhydro-oi-oxY-AMiDO- 
PHXHALIO ACID. , 

Cannabis saliva. Hemp-seeds con- 
tarn about 25 p.c. of a drying oil, S.G. ~ *92^?! 
which on saponification yields an acid C,sH,202. 
When this acid is dissolved in HO Ac and treated 
with bromine there is formed 0,8Hs2Br60.2[116°] 
and CigHajjBrgOs [177°]. The acid OigH^Oj yields 
on oxidation sativio acid CigHT,(OH)40*(Hazura, 
M. 8, 147). Hemp leaves yield on distillation an 
essential oil Oj.H,, (257°), V.D. 7*1, S.G. g *93, 
[a]D= -10-8° at 25*5° (Volente, Q. 10, 479; H, 
196). 

Indian Hemp v. Cannabis indica. 
HENDECANAPHTHENE v. Hkndiscylenii. 
n-HENDECANE 0„H«. [-26*6°]. (196°). 
S.G. J '7569; *6816. Formed by the action 

of HI and phosphorui at 230 ° npon hendeooic 
VoL. 11. 


(undecylioj acid, or upon obtained by 

treating oil of rue with PCI. (Krtjfet.B. 15, 1697). 

HENDECENOIC ACID d„H2„02i.c. ^ 

CH2:CH(CH2)8.C02H (?), Undecylenica(^.\ii'b^]. 
(165° at 15 mm.) (B.) ; (276° at 760 mm.) ; (199° 
at 90 mm.) (K.). Formed by distilling castor oil 
under diminished pressure (Krafift, B. 10, 2035 ; 
Brunner, B. 19, 2228). Large plates; distils with 
uecomposition fet 275°. Split up by potash- 
fusion into acetic acid and n-ennoic acid OgHjgOj. 
Fuming HNOg oxidises it to sebacio acid CigHjgO,. 
With bromine it forms CuH^^BrjOj [38°]. HBr 
forms C„H2,Br02 [86°]. HI gives O.iHjJO, 
[24°]. — BaAj : flat needles orlaminfis, S. *098 at 
15*5° (Becker^B. U, 1412). 

Di-Wdecenoic acid (0„H2o02)2 i.e. 
C,„H,B.CO.O.O^n20.CO2H. _ Diuridecylenie add. 


[30°j. (275° at 
the following acii 


16 n 
id,l 


mm.). Formed, together with 
by heating the preceding acid 
in a sealed tube above 300^ (Krafft a. Becker, B. 
10, 2024 ; 11, 1412 ; Krafft a. Brunner, B. 17, 
2986). Formed also by the action of silver hen- 
dcconoate on iodo-henclcccnoic acid (Brunner, B. 
19, 2224). Crystallises from dilute alcohol. On 
heating with KOH hendecenoic acid is among the 
products. Br forms C^H^oBr^Oj, an almost 
colourless oil. 

Poly-hendecenoic acid (CuH^oO-Ji. Poly- 
undecylenic acid. Formed as above, and also 
found in the residue after distilling castor oil. 
Amorphous. Gives ennoio acid on fusion with 
potash, and sebacio acid on treatment with 
I^NOg. 

Hendecenoic acid CuHouOj. Petroleimic acid, 
(250°-260°). S.G. *982 ; *909. Occurs in 

petroleum (Hell a. Medinger, B. 7? 1217 ; 10 , 
451 ; Markownikoff a. Ogloblin, J. R. 16, 345). 
Extracted from rectified petroleum by aqueous 
alkalis, and ppd. by H2SO4. Liquid. Not affected 
by potash-fusion or by nitrous acid. Does not 
combine with bromine. Boiling HNO, (S.G. 1*3) 
forms acetic acid and an acid CgHnO,. — AgA' : 
flocculent pp. 

Methyl ether MeA'^ (236°-240°) at 789 
mm. S.G. 2*939; 31 •919.* 

HENDECINENE C„H,o. I^tylidene. (o.200") 
(Giesecke.Z. 1870,431); (210°-21^) (Bruylants, 
B. 8, 413). Formed by the action of alcohqjio 
KOH at 130° on 0,,H,..Clj, obtained from 
Ci,H,3.CO.CH, (in oil of rue) and PCl^. Liquid. 
Gives a white pp. with ammoniaoal AgNO, and 
a brownish-yellow pp. with amraoniacal Cu^Cl,. 

HENDECiNOIC ACID C„H^O,. Undecolic 
acid. [59*5°]. •From the diffl^ide of hende- 
cenoic (undecylenic acid) O^HjaBrjOj and alco- 
holic KOH (Krafft, B. 41, 1414). Thin laminiB ; 
decomposed on distillation. V. si. sol. water, v. 
sol. alcohol. Fuming HN0,. oxidises it to 
arachic acid CglLO^. 

• Salts.— CaA^aq.— BaA'^ S. *47 at 16*6° 
AgA'. * 

Hendecinoic acid OiiHjgOg. (270°-280°). 
Among the products obtained by passing CO at 
160° over a mixture of sodium isovalerate and 
^dium ethylate (Lqpss, A. 202, 321). Liquid. 

HENDECOIC ACID 0i,H,^O- UndecyWb 
acia. [28*5°]. (228° at 160 mm.). Formed by 
heating hendecenoic acid (undecylenic acid) with 
HlAq and red phosphorus at 210°. Formed 
also by oxidising methyl hendeoyl ketone 
bfe.CO.Oii^ with chromic acid mixture (Krafft, 
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5. 11, 2219 ; 1^, 1CG7). Crystalline mass. ! 
^naol. water, vJ«. sol. alcohol, sol. ether. — 

3aA^j.— Q 

Hendeooio acid CuHjjOj t.«. 
[MejC)XMe.C02H. Methyl-di-tert^hutyhacetio 
icid. [60°-70°]. (266° cor.). Formed by oxidis- 
ing tri-iso-butylene with o^omio acid mixture 
(Butlerow, J. iJ. 11, 203). Crystalline mass.,- 
[nsol. water, v. e. sol. alcohol and ether. — 
NaA'iaq: crystalline. Absorbs COj from the 
air, the acid being liberated. — Magnesium 
salt : V. si. sol. cold water. 

Methyl ether MeA'. (217°-220°). 

FAhyl ether EtA'. {226°-230°). 

Hendecoic acid G,,H2.Pa. Umhellulic acid. 
[0. 28°]. (275°-280° cor.). The glyceryl de- 

rivative of this acid constitutes the greater part 
of the fatty substance in theohernels of the 
Californian laurel [Umhellularia calif omica) 
(Stillman a. O’Neill, Am. 4, 206). Crystalline.— 
AgA'. 

Methyl ether MeA'. (246°). 

Ethyl ether FAA'. (254°). 

Isoamyl ether CjHiiA'. (295°). 

HENDECONENE OnH,,. (182°). Occurs, 
together with the following, in Dippel’s animal 
oil (Weidel a. Ciamioian, B. 13, 80). Does not 
combine with HCl. 

Hendeconene 0„H,g, (203°). F. mpra. 

Hendeconene (0„Hjg)^. [196°j, Extracted 
by ether from Cascara amarga and Phlox caro- 
Una (Abbot, B. 21, 2598). Needles, sol. ether, 
HO Ac, chloroform, hot alcohol, petroleum ether, 
and AOjO. 

HENDECYL ALCOHOL C,iHa,0 i.e. 
0,H„.0H(0^i.CH3. (229®). S.G.i^*827. From 
oU of rue by reduction with sodium amalgam 
(Gieseoke, Z. 1870, 428). 

Headeoyl alcohol G„H2,0. (246°-255°). A 
product of the action of sodium on isoamyl iso- 
valerate (Louren<jo a. Aguiar, Z. 1870, 404). 

HENDECYL BROMIDE Ci.HjjBr Lt. 
CgHig.CHMeBr. From the corresponding alco- 
hol (v. supra)^ Br, and i? (Giesecke). Splits up 
on distillation into HBVand hendecylene C„Hoo. 

HENDECYL cmORIDE G,iHaGl. (220°- 
224°). Formed Cy chlorinating the hendecane in 
petroleum (Pelouze a. Cahours, A. Ch. [4] 1, 6). 

HENDECYLENE Undecylene. 

193°). Formed by distilling hendecyi bromide 
Giesecke). 

Hendecylene G,,H„. (195° cor.). S.Q. 2 

•791. Occurs an^g the products of the distil- 
lation of the lime silts obtained by saponifying 
train oil (Warren a. Storer, Z. 1868, 230). 

Hendecylene CnH^. (196° cor.). S.G. 2 
*840. Occurs in Buraese petroleum (W, a. S.). 

Hendecylene C„H«. (194°). A product of 
the action of heat on paraffin (Tlrorpe a. Young, 
AW, 23). 

* Hendecylene C„H2j. Hen^£canaphthcne. 
(180°). S.G. 5 *812. Occurs in petroleum from 
Baku (Markownikoflf a. Ogbblin, J. R. 16, 335). 
On chlorination it gives a mixture (210°-225°) 
of chlorides Cl, wheno.^ alcoholic KOII < 
forfBs hydrocarbons 0„H,o, which combitfo 
directly with Br and B^S04 but do not ppt. 
ammoniacal AgNO,. 

HENIC08ANE [40®]. (216° at 

16 mm.). S.G. ^ *778; ¥ ’74. Formed by re- , 
Auction of the dichloride (C,„H3,),C01j of the ke- | 


I tone (C,oH 2 ,)jCO, obtained by the dry distillation 
I of barium hendeoenoate (Krafft, B. 16, 1718). 
Obtained also from brown coal paraffin by frac- 
tional distillation (EmSt, B. 21, 2268). Silvery 
plates. \ 

HENICOSENOIO ftlDEHYDE 

Di-heptyUh^toio aldehyde, (o. 320°) at 800 mm. 
S.G. *874. Formed by the action of sodium 
amalgam on heptoio aldehyde ; the yield being 
6 to 10 p.o. (Perkin, jun., 0. J. 43, 71). Slightly 
yellow oil ; sol. OS^. Reduces ammoniacal sil- 
ver solution. Does not appear to combine with 
NaHSOj. Gombines with bromine (1 mol.) in 
GCj. Decomposed by boiling with dilute H^SO^. 

1 Blackens when heated with potash. 

n-HE^fTRUC0N?.iyfE 0„H,4. [68°]. (302° 
at 16 mm.). S.G. *773; ^ *762. Occurs in 
bee’s wax (Sohwalb, A. 235, 106). Formed by 
reduction of the dichloride (C,sH8,)^Clj of pal- 
mitone (Ci3Ha,)gCO with HI and P (Krafft, B. 16, 
1714). SI. sol. ether. 

HEPXACOSANE v. Heptxicosanb. 

n.HEPTADECANE 0„H„. [23°]. (163° at 
10 mm.) ; (223° at 100 mm.) ; (303° at 760 mm.). 
S.G. *776; ^ *771; ^22 *724. Hexagonal 
tables. jForuied by reduction of the diohloride 
of methyl hexadecyl ketone, or of margario acid 
with P and HI (Krafft, B. 16, 1702). Occurs 
in crystalline commercial scaly paraffin (Krafft, 
B. 21, 2256). 

^ HEPTADECOIC ACID v. Marqario aoid. 

HEPTADECYLAMINE G„H„NH3. [49°]. 
(336°-340°). Formed by distilling stearyl-hep- 
tadecyl-urea CuHjjO.NH.GO.NH.O^Hjj with 
lime (Hofmann, B. 15, 774; Turpin, B. 21, 
2486). Fatty crystalline mass, sol. alcohol and 
ether. Absorbs moisture and CO^ from the air. 
Not volatile with steam. Its ethereal solution eva- 
porated with CSjforms Oi^HjjNHj.S.CS.NHCj^Hjj 
[90°], wh^ich on .boiling with alcohol forms di- 
heptadecyl-thio-urea [94°]. The hydrochlor- 
ide is insol. water, aifd orystallises from alcohol 
in plates with a fatty lustre. — B'^H.^PtClj-e minute 
yellow crystals. 

Benzoyl derivative CuHjjNHBz. [91°]. 
Crystallises from benzene in plates. 

HEPTADECYL-CARBAMIC ETHER 
0„H84NH.C0,Et. [62°]. Formed by the ao- 

tion of boiling alcohol on heptadeoyl Cyanata 
0„H3,N:C0, an oil which is obtained by heating 
heptadecylamine hydrochloride with 0001, in 
benzene at 100° (Turpin, JB.21, 2486). Lustrous 
plates. 

,DI-HEPTADECYL KETONE (0„H3,)3CO. 
[88°]. One of the products obtained by distilling 
stearyl-heptadeoyf-urea with lime (Turpin, B.e 
,21, 2487). 81. sol. alcohol. 

HEPTADECYL THIOOARBIMIDE 
OjtHjjNOS.^. [32°]. Formed, together with a 
small amount of di-heptadecyl-thio-urea, when 
heptadecylamine is heated with alcohol and CS, 
at 100° (Turpin, B. 21, 2486). V. sol. alcohol 
and ether. Cannot be distilled. 

HEPTADECYL-THIO-TJREA 
C„H,.NH.0S.NH,. [111°]. Prom the preceding 
and alooholio NS^ at 100° (T.). SI. sol. alcohol. 

Di-heptadeoyl-thio -urea (C„H,4NH),CS. 
[94°]. From heptadecylamine by boiling with 
alcoholic OS,. 
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HEPTADECYL - UREA C.,H,,NH.CO.N^ 
[109®]. From heptadecylamine hydrochloride 
and alcoholic potassium cyanate (Tarpm» B. 21, 
2486). SI. sol. alcohol. / 

Stearyl derivativem 
0„H35NH.C0.NH.0,8H350.|[112°]. Formed by 
the action of bromine andfNaOH on tho amide 
of stearic acid. Pearly laminsa (Hofmann, H. 

' 16, 761). 

Di-heptadeoyl-urea (O^HjjNHJjCO. [73®]. 
From di-heptadocyl-thio-urea and HgO. 

n-HBPTAICOSANE [60®]> (270° at 

16 mm.). S.G. -779 ; *754. Formed by 

reduction of tne dichloride gf myristone 
(C,8H27 )jCO with HI and P (Krafft, B. 16, 1713)» 
Appears also to bo present in bee’s wax (Schwalb, 
A. 235, 106). Occurs also m*)mmercial^arafnn 
(Kram,J5. 21,2264).* ^ 

HEPTANAPHTIIENE C,H„. (101°). A hy- 
drocarbon in Caucasian petroleum (Milkowsky, 
BL [2] 45, 18i?). 

n-HEPTANE C,H,« i.e. 

CH,.CH2.CH2.CH2.Cn2.CH,.CH3. Hcptyl \ydrUa. 
Methyl-hexane. Ethyl-amyl. Di-propyl-metJu^ie. 
AUetene. Vol- 100. (9843°) (Thorpe); 

(08*4° cor.) (Perkin, G. J. 45, 447). S.G. 'I 
•7005 (T.) ; W -6885 ; -6814. M.M. 7-660 at 

14*1°. C.E. (0°-10°) •00t222 ; (0°-100°f*0014.!0 
(T.). H.C. 1137450 (Louguinine, C. B. 93, 274). 
S.V. 162-56 (T.) ; 165-0 (llamsay). V.D. 60 0 
(Theory 49-9). ftu = 1*3879. Ri,- 56-4 (calc. 
55*8). Coefficient of viscosity : -004236 at 15*3°. 
.bigle of capillarity 167° (Thorpe). Critical 
tavipcratiire^ 281° (Thorpe a. Rucker, C. J. 45, 
165). Occurs almost absolutely pure in the 
exudation pf the nut pine (Pttms sabiniana) 
(Thorpe, C. J. 35, 296 ; 37, 213 ; cf. Wenzell, Ph. 
[3] 2, 789). Occurs also in American petroleum, 
in coal-tar oil (Pelouze a. Cahours, C. B. 56, 605 ; 
Warren, J. 1866, 516 ; Schorlemmer, C. J. 15, 
423 ; 26, 319 ; Pr. 14, 164, 464), and in Galician 
petroleum (Laohowicz, A, 220, 193). Formed 
by distilling azelaic acid witlf baryta (Dale, C.J. 
17, 258).* Occurs, together with heptylene, 
amongst the hydrocarbons obtained by distilling 
the liine-soap of Menhaden oil (Warren a. Storcr, 
Z. [2] 4, 231). Obtained also by distilling tri- 
olein under pressure (Englor, B. 22, 596). 
Treated with chlorine heptane gives a mixture 
of chlorfheptanes (143°-168°). These may be 
converted into a mixture of a primary heptyl 
alcohol (165°-170°) and a secondary heptyl 
alcohol (166°-168°). By oxidismg with chromic- 
mixture the former gives heptoic acid, the hitter 
methyl amyl ketone and, by further oxidation, 
valeric and acetic acids; hence the alcohols are : 

* CH3.CH2.0H2.CH2.CQ2.CH2.CH20H and 

CH,.0H2.0H2.CH2.0H2.0H(0H).^, 
(Schorlemmer- a. Thorpe, T. 174, 2TO ; A. 217, 
160). The mixture of chlorides (143°-^67*6°) is 
converted by alcoholic potash partly into hep- 
tylene (98-6°), partly into a mixture of ethyl 
heptyl oxides. The heptylene gives on oxida- 
tion valeric and acetic acids, hence it is 
C,H,.CH:0H.0H5. Iiiquid«bromine acting upon 
hot n-heptane forms chiefly secondary heptyl 
bromide; gaseous bromine forms primary and 
secondary heptyl bromides in about equal quan- 
tities. Liquid Br dissolved in cold heptane forxni 
chiefly u-bromo-heptanes (Venable, Am. 10, 
237). 


Heptane MeoCH.OHj.Et. iSthyl-Uoamyl. 
(90*36°) IThorpe, C. J. 37, 216). S.G. J *69692 
(T.); lir-6833 (G.). C.E. (0°-10°) *001263; 
(0°-60°) *0013318; S.V. 161*98. V.D. 3*46 
(calc. 3-47). A product of the distillation of 
whale oil under pressure (Engler, B. 22, 605). 
Eormed by the action of sodium (14 pts.) on a 
iflixture of Etl*(60 pts.) and iso-amyl iodide 
(70 pts.) (Wurtz, A. Ch. [3] 44, 276). Formed 
also by gradually adding sodium to a mixture of 
ethyl and isoamyl bromides at 26°, then heating 
for a few hours at 100° and fractionally distilling 
(Grimshaw, G. J. 26, 309). Obtained also from 
CH3.CH(OH).GH2.C]^.CHMe by successive treat- 
ment with HI and with Zn and HCl (Purdie, 
C. J. 39, 467). • According to Berthelot {Bl. [2] 
9, 455) phthaliogond terephthalio acid heated 
with (80 pts.) saturated HIAq yield a heptane 
(91°-03 ') ; Berthelot also obtained by this treat- 
ment heptanes from toluene and from o- and p. 
toluidine (C. B. 68, 606). 

Heptane CMeEtPrH. Methyl-ethyl-propyl- 
methane. (91°). S.G. -6895. [a] -t- 2-70 for 100 
mm. From active amyl iodide, propyl iodide 
and sodium (Just, .4.220, 153). 

Heptane CHEtg. Tri- ethyl-methane. (96°). 
V.D. 101*5. S.G.-- *689. Formed by the action 
of ZnEtj and sodium upon orthoforraic ether 
(liadcnburg, B. 5, 752). Colourless liquid. 

Heptane CMooEtj. (87°). S.G. ^ *7111; 

-6958. Formed by the action of ZnEtj upon 
/3H,.CCl2.CH8 (from acetone), the distillate being 
mixed with water and fractionally distilled 
(Friedel a. Ladenburg, A. 142, 310). Besides 
n-heptane, Pennsylvanian petroleum contains a 
heptane (90°). S.G. *709 which is either 
CMe.,Et2 or CHMeEtPr for it gives on oxidation 
a ketone C^H^O (142°-146°) which on further 
oxidation yields nothing but acetic acid (Schor- 
lemmer, C. J. 26, 319). The heptane in question 
gives rise to a mixture of heptyl chlorides (144°- 
158°), to a heptylene (00°-92°), to a primary 
heptyl alcohol (166°-170°)rto a secondary heptyl 
alcohol (148°-160°), and to?i l^eptoic acid (209°- 


Befercnces. — Di-bromo- an* Di-chloro- 

BBrTANB. • 

HEPTANE PHOSPHONIC ACID 
0„H.,CH,PO(OH),. [106°]. ^ 

Formed by heating oxy-heptane phosphonio acid 
C.H,3CH(0H).P0(0H)2 with cone. HIAq at 
200° (Fossek, M. 7, 29). SweUg up in a little 
water, forming d jelly. Sol. alcohol, ether, and 
ligroin. 

Oxy-heptane phospbonio acid 
0,H,3.CH(0H)P0(0H)2. [18J°]. From oenan- 

thol by successive treatment witb PCI* and water 
/Zepharovitoh, il4 7, 28). Tables. o/v-ir 

n-HEPTANE SULPHONlfl ACID 0 ,H,bSO|»- 
(Winssinger, Bv^. Acad, Bclg. [3] 12). Is 

converted by chlorine into a ohloro- derivative of 
which the Ba salt is (0,H,3CLjSO,)2Ba. A^ 
ohloro-sulphonic acid is also formed. Id, yields 
^0 compounds, the one insoluble in water is 
C,H/)1,0, and the other is O^H^Ol^O,. The Ba 
salts of these acids crystallise out together 
forming crystals which on analySis correspond to 
the formula 

2(0,H„Cl,SO,),Ba -f 3(0,H,0l30XBa -h 24aq 
(Spring a. Winssinger, Bl. [2] 49, 68). 

HEFTSNE V. Hsptxlbnb. 
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ttttptEIJOMACID C^.aO.,. Tetracnil^add. 

/ai8° i V.). Formed by the dry ong 

** (190°). (Amthor.^r.Pfc. 

[3] 18, .jp PH CH;CH.COjH. Formed 

”5iW°:£SSi.T|!\ 

di.propr»‘°“'' (TavildaroS. P. 9. 

'^"^eptenyl cMoride CA-Ol- (l^- 

rife'ss 

From the heptinenc Crystalline. 

r a- »>"«■ 

(60 called) C.H,jO, (Pawlofl. 

theSn ol aufohiuoKOH on btomo-ieobutyl- 

.. /’nmnarnfl 


dieeolved in excess of H.SO. and 

water it gives methyl amy ketone C,Hi,.CO.Cli. 

(B6hal, d. Ob. [6] 15, 370).^^ ^ ^ gQ 3 _ 

From'’tlm“product of Vstillation of r^osm (TMen, 
0 J V 173)’. %“u| Sso among the products 



5- it gives pV 


ihe action of C. It. 86, 1135). 

“iSrf“Hg"nS?K5S 

Fi^l^ssa 

with alc<>'^?^®.l®“ith aSiic KOH at 150°- 
^‘enyl M; Eubien, A. 142, 294). 

^Frirs-tS' fc" 

Ammomacal A^O, gives ^ (Bruylants. IT. 

8; 409). An ^cohoUo precipi- 

a pp. of uQ 5 \ When heated for 

taS? (B4ha . M^)iic KOH in a scaled 
86 hours at 145 wit ^ v _ . acetyleao 
tube it changes to metl y y ,^Yheii 
C.H..CiOMe (Behai, A. Ch. [6] l&. 


6. Forms two bromidJS 

£t 'wVioTi Vipatcd to ft dull rod noftt it 8 ^ j 

C.H„C1 which boila « ™c“« gi^e 

k!:!S£s-!;S=“=- 

tetra-mcthylene nucleus. Methyl’ 

HeptineneO,H.,.A.OH..C:C.CA. 

Mvl-<Mtylme. alcohoUc KOH at 

i 5?0MBa>al. Icb. (6) 15,428). 

' — XgN^^ owes a 

jltfon’Mration. Forms a compound w.th 

tr^eSing with PCI,, and 
from di*propyl 1 pof ^rith alcoholic 

heating 'the ^e^sulting (CgHyl-W^w 
KOH for 20 hours at UO U 

216 ; A. Ch. [6] 15, 415). ’ ^t^eact with 

odour resembling^acctyle compound 

ammoniac^ Cu.A. P treated , with cUluto 

With ilgUw w^rnTtvl ketone. Combines 

"“Si... M. <; “«5.JSi 

metli-jUsoallylene., (70 )• 
aS’criio^KOTTHenry. Does not 

ppt. ammoniaoal AgNO, or Ctt,Uj. . 

-ssaTi&Jii ’■ 

Df-,CHcC;C.CO,H. J^ V ^ethyl-propyl- 
acid. (18o \*»xy heating with sodium at 

acetylene (hex m one) y suspended in 

165° Oil, 

ether, with CO, (bftvor y, 

which does not solidify 
salt soon decomposes into ai 

hexinene. 
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Salts. — CaA'3 : slender needles (from water). 
— BaA',: small spangles (after drying over 
E,SOJ. 

HEPTINYL ALCOHOL C,H,.,0 i.e. 
(0H2:CH.0H.^)2CH.0H. ' Di - allyl - carhinnl. 

(161° cor.). S.G. § *8758 ;|^ -8644. Formed by 
the action of zinc on a mixture of allyl iodide 
(2 vols.) and formic ether (1 vol.) ; the mixture 
is kept cold, and is finally mixed with water 
and distilled (Saytzefl, A. 185, 129 ; B, 9, 1600). 

A by-product in its preparation boils at c. 211°, 
and appears to be C,oH,sO, or di-allyl-carbinol, 
in which one H is displaced by f)ropyl (W. 
Schestakoff, J.pr. [2] 30, 215). Di-allyl-Wbinol 
is an oil. It unites with bronwne, formiifg a 
tetrabromide. Chromic acidfhixturo oxidisesflt 
to formic acid and CO.^, no acetic acid being pro- 
duced. KMnO^ gives oxalfc acid an(k an acid 
CJIgOa (Schirokolf,* J. pT\ [2] 23, 207). With 
HCIO, followed by elimination of Ci, it gives, 
not C,H,,(OTg;)5, but its anhydride CjH,i(0H)30 
(S. Beformatsky, J.pr. [2] 81,318). 

Acetyl derivative CjlinOAci. (170° cor.). 
S.G. 2 -9167 ; .0997 (Saytzcff, A. 186, 136). 

Methyl ether (03H3)2CH.0Mc. (136° ffV.). 
S.G. 2 •826;*^° -810. C B. (0°-20°) : *001. Formed 
by the action of sodium and Mel oy the alcohol 
(K. Ejabinin, J.pr. [2] 23, 270). Bca^dicms.— l. 
When bromine is added to an ethereal solution 
combination takes place, a tetra-bromido, 
(C8H^Br3)3CH(OMo), being formed. — 2. Oxidised 
by KMn04, the double unions are broken, the 
product being the methyl derivative of jS-oxy-* 
glutario acid (CO^H.Cn.l^OH.OMe (g. v.). 

Ethyl ether (CaHO^CH.OEt. (144° i. V.). 
S.G. 2 -821 ; ^2 -802. C.E. (0°-20°) -0012. From 
the alcohdl by sodium and EtI (Ejabinin, J. pr. 
[2] 23, 272). 

HEPTINYL CHLORIDE C,n„Cl i.e. 
(CH.2:CH.CH2)2CHC1. (114°). From heptinyl 

alcohol and PCI.,. Converted by alcoholic KOH 
into heptonene C,H,o (115°). • 

HEPTINYL GLYCOL vf Di-oxy-heptylene. 

n-HIJPTOIC ACID i.e. 

Pr.CH3.CH2.CH,..C02H. (Enanthic acid. Mol. w. 
130. [-10-6°]. * (223°) ; (222° cor.) (Perkin, G. 
J. 45, 484k S.G. 2 -9313 (Zander, A. 224, 69) ; 

-9226; P *9160; *9160 (Briihl). C.E. 

(6°-10°) •00087. M.M. 7'652 at 14-5°. i-42r,i; 

(B.). »oo 68-19. S.V. 174-6 (Z.). 

Formation. — 1. By the oxidation of oenanthol 
with nitric or chromic acid (Bussy, J. Ph. [3] 8, 
329 ; A. 60, 248 ; Tilley, A. 67, 107 ; Schneider, 
A. 70, 112 ; Sohorlemmer a. Grimshaw^ C. J. 
26, 1073 ; A. 170, 141 ; Mehlis, A. 185, 368)^- 
2. By oxidation of castor oil (Tilley, A. 39, 160 ; 
^/. Arzbiioher, A. 73, 20Q; Brazier a. Grossleth, 
A. 75, 249).— 3. By the action of HNO, on oleic^ 
acid (Laurent a. Redtenbacher, Jk 69, 50). — 
4. By saponification of hexyl cyanic^, obtained 
from n-hexyl alcohol (Liebeu a. Janeoek, A. 187, 
126V.— 6. By oxidation of n-heptyl alcohol 
(Sohorlemmer, Pr. 14, 171; A. 161, 279 ; 170, 
141). — 6. By reducing isoduloite carboxylic acid , 
with BI and phosphoras (E. Fischer, B, 21, 
2175).— -7. By the action of HNOj on Chinese 
wax (Buckton, 0. J. 10, 166), on azelaio acid, 
and on spermaceti (Arppe, A. 120, 288). — 8. By 
fusing sebacic acid with potash (Koch, A. 119, 
178).— 9. By boiling the barium salt of mannite 


carboxylic acid with aqueous HI and red phos- 
phorus, diluting, and extractlig with ether. 
The ethereal solution is shaken with mercury, 
and the product treated with H2SO4 and zinc- 
dust. The acid is finally distilled over with 
steam (E. Fischer a. Hirsohberger, B. 22, 372). 

Preparation.— (Enanthol (1 pt.) is treated in 
4h0 cold with dilute HNO3 (2 pts. composed of 
1 vol. HNO3 S.G. 1-4 and 2 vols. water) ; the re- 
sulting acid is distilled in vacuo (Krafft, B. 15, 
1717). 

Properties. — Liquid. Gives propionic and 
Buccinio acids when oxidised by chromic acid 
mixture. 

Salts.— Ammonium salt is v. sol. water, 
alcohol, and ether, and non-crystalline. — KA' 
(at 100°) : sffky mass.— NaA' : needles ; often 
obtained as a jally.— CaA'^ : thin flat needles. 
S. *914 at 8-6° (S. a. G.).— CaA'2 aq : thin needles. 
8. (of CaA'.J -94 at 12° (L. a. J.).— BaA'* : thin 
laminta or broad needles. [239°] (M.). S. 1‘76 
at 12° (G. a. S.) ; 1-56 at 22° (M.) ; 1-68 at 9° 
(L. a. J.). — ZnA'o ; prisms (from alcohol) ; si. sol. 
water, v. sol. alcohol. [132°]. — Zii Ah -^aq. — Cd A'.^ : 
lamina). [96°].— PbA'/. lamina) (from hot water). 
— CuA',: green prisms (from alcohol). — AgA' : 
small woolly needles (from hot water) ; insol. 
cold water and alcohol, si. sol. boiling water. 

Methyl ether MeAh (180 ) (Neuhof, J. 
1866, 323) ; (173°) (Cahours a. Demar^ay, Bl. 
[2] 34, 481) ; (172°) (Gartenmoistcr, 4.233, 249). 
S.G. fi -887 (N.) ; *889 (C. a. D.) ; § -8981 (G.). 

S.V. 196-2. C.E, (0°-10 ) ‘00102. 

Ethyl ether KtAh (188° i. V.). S.G. s 
•8879 (L. a. J.) ; § -8861 (G.) ; j - -BJIS ; p'8048 
(Perkin, C. J. 45, 502). M.M'. ^54 at 14*9°. 

C.E. (0°-10°) -00101 (G.). By boiling the ether 
, (20 c.c.) with »t-amido-benzoic acid (10 g.) for 
1 eight hourstbereisformedC.H,.jO.Nn.03H4.C08H 
[202°] (Pellizzari, A. 232, 149). 

Propyl ether Vt A!. (206-4°). S.G. §-8824. 
C.E. (0°-i0°) -0097. S.V. 240-5 (G.). 

Butyl ether PrCHAh (225-1°). S.G. g 
•8807. C.E. (0°-10°) •00692. S.V. 271-3 (G.), 
n-Heptyl ether O^^A'. (274-6°) (G.); 
(277° cor.). S.G. -870 (Cross, C. J. 32, 123 ; 
B. 10, 1602); 1? '8652; p «593 (Perkin); 

-8761. C.E. (0°-10°) -OO'OSe. S.V. 350-2. 
M.M. 14-655 at 13-6°. 

Octyl ether CgHpA'. (290-4°). S.G. g 
•8757. S.V. 376-2. C.E. (0°-10°) -0080 (Garten- 
meister). • 

Phenyl ether C^n^A'. (276°-280°). From 
the chloride G^HisOCl and fhenol (Cahours, 0. 
B. 39, 257). 

Amide C3H„.C»NH3. [96°]. (260°-258°). 
Formed by heating the ammonium salt to 230° 
(Hofmann, B. 15, 983), aifft.by the action of 
NH, on the gjihydride (Mehlis, A. 186, 368). 
Lamin® (from water) or ngpdles (from aloub^ 
Converted by & mixture of KOH tnd bromine 
into CeH,3NH.CO.NH.CO.C,,H„ [97°] (Hofmann, 
B. 15, 769). 

Methyl-amide CaH,sCONHMe. (266°). 

, S.G. iL -865. Thigk liquid. Obtained by heat- 
ing the acid with methylamipe for 5 houilt at 
230°, dissolving the product in ether, and adding 
KoCO, (Franchimont a. Klobbife, B. T. 0. 6, 247). 

Di-methyl-amide CjHjjCONMej. (243°). 
aG. -894. 

• Ethylamid$ (6°1. f268°). 
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iformGd bv heating the ethyl-ammonium salt at 

tion of N,0 (Erandhunont a. Klohbie^. 2. U. 

^^h$thyl‘ amide OeHij.CO.NEt 2 . (258°). 
S.G. ^ -881. Liquid (F. a, K.). 

Anhydride T* 

/268°-271°). S.O. ^ *932. Obtained by dis- 
tilling the acid with PCI,, and^heatmg the re- 
t. 1 wifh notassiural 


with HI and phosphorus (Kiliani, B, 18, 30e 
19 221). Oil.— CaA'j 6aq : long ne^es. 

Z Ax -irr.KO P,an ThlS a 


tilling the acid with PCI,, and^ heating tne xc- 

suUingheptoylohloridemth potass, am heptoate 

f V.j 

»l -898. Formed by heating beptoio 
potassium sulphooyanWe (Mehiis). ' “'.“v 
by the aetion ot Ao,0 on the omm oE h^toie 
^^d^yde (Lach, B. 17. 1572); and together 
with Lptylamine, by allowing a mixture of the 
^de o£ octoio acid (1 

mole.) to run into a 10 p o. solu ion of NaOH 
(Hofmann. B. 17. 1407). Oil; sol. alcohol and 

“‘’‘^Chloride O.H.,COCl. With di-methyl- 
'anUine in presence of ZnCl, it gives as conden- 

“«rprol^ucts. O.H,,.CO.O^.NMe and a^ 

Co.H,.,N,. This latter body has all the 
ties of a leuco-base. Heated with Mel at 100 
it giv^ the salt C,,H.^,2MeI. 0*‘di8>n« 
act on it very easily, and develop a fane blue 

:lm,kAgives'c„HN^Clha,mgafino 

blue colour. This is 2“,“ £ 

solution to the original The blue 

colour disappears with excess of acid, nun or 
NaOHdoes not set free the '“-““I, 

complete <4“®PWMirn H ’ Me- 

Isoheptoic acid Pr.CHu.CHMe.COjH. me 

thyhbutyl-acetic acid. 

&). S.G. g*9305; V*9138. S. *36 at 4. 
Formed by saponification of the 
nitrile which is obtained from KCy 
secondary hexyl iodide ^er^ed from mannito 

(Heoht. A. 209, 309 ; Hecht a. Munier, B. 11, 
1781). Colourless oil; si. sol. 
vvith^alcohol, ether and chloroform. On oxida- 
tion with chromic acid mixture it yields acetic 
and butyric acids., A solution of its Na salt gives 
white pps. with salts of Ca, Al, Zn, Cd M 
Hk. Pb, and^-Ag; a brown pp. with FeCl„ a 
green pp. with NiClj, and a blue pp. wi 

^^^^aits.-KA': very deliquescent, »od y. e. 
8ol. water.-NaA': very deliquescent.^^LiA^ 
crvstalline.^ v. sol. water, m. soh alcohol. 
Uaa • S. JIV9 at 1° ; 13 9 at 6-7 ; 12*1 at 

U-8 at*2V; 61 at 100».--Srf,2a<i: 
ponped needles. 8. I®:® at 3‘'.-BaA, l|a^ 
crystalline aggregates. S. (of BaA ,) 30 at . 

^ Methpf etJ; MeA'. (157» i.V.). S.G. 

Sthyl ether EtA'. (173“ i.V.). S.G. h 

Aar FrA'. (m“ L Y.,. S.G. 

^'isopropyl ether PtA'. (177"). 8.G. (-f 
•869. ^ 

Pr.^.CHM^e!(Aa ’{210° cor.). Formed from 
metl^-butyl-acfeto-acetio ether and cone, alco- 
holic KOH.^ Formed from leevulose 
with HOv decomposing the resultmg CjHjjNQj 
S fS“q! -S reducing the product 


18, 3063; 

19 2*Z1). UU.— 

(oi CaA'j) 7-8 at 17-6°.— SrA'.^Saq. T^s acid 
should be identical with the preceding, but dees 
not sccra to be so. 

Heptoio acid C ^ - 

(CH,).2CH.CH,CH2.(i|,.CO.H (?) Bo - amyl ;; 
acetic or iso-cmanUyhc ac^d. (210 
cor.). S.G. ^ -926. Formed when CU is 
^ ’ at 180° over NaOAc mixed with 


paistiuu an 

NaOO,Hi, (Poetsch, A. 218, 67). 

Salts. — NaA'aq. — CaA'jSiavj. 

Methyl ether MeA'. (166°-167-6 cor.). 

^'%thyTe\her EtA' (182“ cor^. S.G. 

1 t 872. Not attached by alcoholic NH, at 120 . 

I ^^Heptoic acidO,H;,02. 

from isoheptane (Cthyl-isoamyl) Pr.CH^.Ii by 
chlorinating, displaqmg Cl by 
the resulting heptyl alcohol 

160,168). Oil, With unpleasant odour, froba 
bly identical with isoheptoic acia.-CaA 2 2aq. 

small needles.--AgA': siuall needles. Ihe 
bariuTji salt is amorphous. 

.Heptoic acid (Cng).,CH.CH 2 .CH^ CHU.CO 2 H. 
Isoamylacetic acid. An 
treating acetic ether with sodium and isoamyl 
iodulc successively, tlieresuH.ug 
aeetic ether being saponified (FianUand a. 
Duppa, A. 138, 338). Probably identical with 

the acid of Poetsch. 

Heptoic acid C,H,.0,. (209“-213“). Formed 
bv oxidising the isohoptane (90 ) in ' 

vanian petroleum (Schorlemmer, G.B 26, 31J). 
Ils barium salt is amorphous. The calcium 
salt crystallises by spontaneous 
In long ti-ansparent neodlcs or pnsnis. Ihe 
silver saltisaflocculentpp. 

Heptoic acid C,II,A 'by 

allhig ® S, wirt> oWide ; converting 

Ibo rlsStiug OMeEt,Clinto the corresponding 

indifle- heating thirt compound with JOy a 

‘,"3 tt. ’7'!ir,.?“; liS; 

SiS-3 4 i 

Slate groups of flat needles ; on slow cooling in 
flat nriBms.--EA' : very soluble, and non-ciys- 
talline — KHA'a : stellate groups of needles.— 
aC silver salt is si. sol. boiling wat^r, sepa- 
mtinrarfafts of small needles.-The lead 
Bail is a white pp. el. sol. odd jater. the 
solution becoming turbid when heated. 

,CH (»“). Formed 

1 ^ ‘nfr ro over a mixture of NaOEt and 

^SSIvSlr^tWO" (Loess, A. 202, 321J. 

acid 0,HuO.,. Amethenic acid. 
(18?-230“). Obtained, together 

5 B 7 170 ).-ZnAV nodules, si. sol 

* ^hid water: the aqueous solution deposits i 
gdati^ «henleated.--AttA': pulverulen, 
pp., slasol. water. 
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Heptoie aold ‘ OHj.CH,.CH,.CHEt.OO^. 

Ethyl-propyUaceHc acid. (209° oor.)» From 
ethyl-propyl-aceto-acetic ethar by aaponifioation 
with oono. alcoholic KOH (Kiliani, B. 19, 227). 
on.— OaA'22aq : soft needles. S. (of OaA',) 11‘4 
at 19*6°.— SrA'j2aq : siAll prisma. S. (ofSrA',) 
27*9. PbA'jSaq. — OvlAJe The silver, barium, 
and lead salts form polourleas needles. The 
acid is perhaps identical with that of Heoht. ' 
References. — Amido-, and Bbomo-, hepioxo 
aoms. 


HEPTOIO ALDEHYDE C,H,,0 i.e. 
CH3.CH2.OH2.CH2.CH2.CHjj.CHO. ■ CEjianthol. 
Mol. w. 114. (165°). S.G. 2° •849S (Briihl) : 

if -8226 ; 3f .8158 (Perkin, G. J. 45, 477). . V.D. 
4*14 (calc. 3*95). 1*4309, 55*69. 1|.M. 

7*422 at 16*2°. The name oenanthol is due to 
the belief of Liebig that'hJptoicacid was the chief 
product of the saponification of fusl^l oil from 
wine (Liebig a. Pelouze, 1. 19, 241). Obtained by 
distilling castor oil (Bussy, A, 60, 246 ; J. Ph. 
13, 62; [8/8, 821 ; H. Schifi, Z. 1870, 77 ; Krafft, 

B. 10, 2035). Purified by preparing its com- 
pound with NaHSOj, which is subsequently dis- 
tilled with Na^COj (Bertagnini, A. 85. 281). 
Dried ov«r NajSO* and rectified (Erlenuieyer a. 
Sigel, A, 176, 342). The yield is 12 p.c. of the 
castor oil (Jourdan, A. 200, 102).. Oil, miscible 
with alcohol and ether. Has a sftong odour. 
When moist heptoic aldehyde is exposed for a 
long time to a low temperature it deposits crys- 
tals of a hydrate C;H,40|aq (? heptoic orthalde- 
hyde) (Bouis, A. Ch. 44, 87). Heptoic aldehyde 
reduces AgNOj, forming a mirror. 

Beactions.~l. Heptoic aldehyde is poly- 
merised by prolonged contact with KjCOj. The 
product is a crystalline solid [53°] which, when 
heated, begins to decompose at 115° into heptoic 
aldehyde, the aldehyde OjjHj^CHO.and an alde- 
hyde OjgH^O.T (0. 835° at 250 mm.). The solid 
pqlymeride when treated in acetic acid solution 
with sodium yields heptyl alcohol and a sub- 
stance (Bruylants, B. 8,414; t^erkin, jun., 

C, J. 43, 67). — 2. Alcoholfc (1*6 p.c.) potash yields 
tetradecenoio (amyl-hexyl-acrylic) acid 0,4H2„02, 
its aldehyde 0,4H290, the aldehyde CjgHioO, 
and heptoic acid (Perkin, jun., C. J. 43, 67 ; B. 
16, 2806). — 3. Cone. KOHAq also forms con- 
densation products, together with heptoic acid. 

4. Solid KOH polymerises heptoic aldehyde even 
at (f, forming a solid and a liquid polymeride. 
Each of these bodies when distilled gives heptoic 
aldehyde, tetradecenoic aldehyde, and 0.,gHr,40j 
(Borodin, B. 6, 481 ; 6, 982). Solid KOH at 
120° forms an oil C,4H2sO which boil% with de- 
composition, at 260° (Tilley, P. M. 33, 81; A. 
67, 109).— 5. ZnCla forms the aldehyde Oj^HjaO. 

6. Cold cono. HNO, forms a solid isomeride 
♦ metcenanthol.’ — 7. Dilute chromic acid mixture 
fornqs heptoic acid.— 8. Whei# left for s^e 
weeks in contact with quicklime, tiiere is formed 
heptyl alcohol, heptoic acid, heptylene (96°-100°), 
ootylene (122°-126°), ennylene (146°), and the 
ketone 0,2^0 (Fittig, A. 117,76).— 9. In acetic 
acid solution sodium reduces it, forming hep|yl 
alcohol, tetradecenyl alcohol O^HjjCH-OH, and 
tetradecenoic aldehyde CuHajCHO (Perkin). In ' 
a wet ethereal solution Na forms heptyl alcohol, 
heptoic acid, tetradecenoic aldehyde, and a body 
Oj,H 4 oO.— 10. PCI, forms di-chloro-heptane 
OfHi.GHOV’-ll* P01«Br, forms G«H|,OHBfg, 


OKUmme forms oily 0,H„ClgO (A. W. Williamson, 
^* pl> 4d). — 12. Resorcin an^dilute HCl form a 
resin in the cold (Michael a. Ryder, Am. 9, 134). 
13. l^ptoic aldehyde (20 g.) heated with tri- 
methylene glycol (30 g.) at 160° gives rise to 

CA. an oU, (o. 216°), S.G. 

2 *933. With glycol, in like manner, it forma 
A.. Oh. [6] 16, .SS, 

— 14. HaOAc and AcgO at 170° give ennenoic 
acid (Schneegans, A. 227, 85).— 15. Ao-O and 
barium succinate give hexyl-paraconio acid 
(Schneegans). — 16. Aqueous ammonia (150 g. of 
S.G. *89) added to cooled heptoic aldehyde (80 g.) 
forms an oily layer of heptoic aldenyde 
ammonia*CaH,3.CH(OH)NH2 (Erlenmeyer a. 
Sigel, A. 176, 343). — 17. Dry ammonia passed 
into dry hcpfoic aldehyde forms heptoic hy- 
draraide (CJI,3CH).,N^, which boils above 400° 
an^does not combine with acids. The hydramide 
is converted by boiling water into a yellow oil 
C.jH^jNO, and by water at 125° into C,,gH53NO, 
which is also a yellow neutral oil (SchilT, Suppl. 
3, 367 ; SuppL 6, 24). — 18. Colourless ammonium 
sulphide in concentrated solution formsheptoic 
thialdine CjjjH^NSjj a colourless oil, S.G. at 
*896. It forms a hydrochloride B'HCl, which is 
insol. water, and crystallises from alcohol in 
needles (Schiff). — 19. A solution of heptoic alde- 
hyde saturated with ammonia is converted by 
hydrogen cyanide into oily C9H,sCH(NH5).CN, 
and another oil CjoH^jNj (Erlenmeyer a. Sigel, A. 
177, 111). — 20. If heptoic aldehyde (100 pts.) be 
mixed with a little PCl^ (1 pt.j and dry hydrogen 
sulphide be passed in, there is dormed the com- 
pound C6H„.CH<^>0H.C9H,3, (200°-260°). 

S.G. -875 (Schifi).— 21, An alcoholic solution 
of heptoic aldehyde, on saturation with HCl, 
yields CgHjgCHC^OEt), a light oil, which is de- 
composed on distillation into a mixture of hydro- 
carbons and other bodies (Williamson ; Schiff, 
Z. [2] 6, 74).— 22. I^hosphoninm iodide at 0° 
forms (CflHjg.CH.OH) (PI, which crystallises in 
minute leaflets, [122^j,in8o]. water, si. sol. ether, 
v. sol. alcohol (Girard, A. £h. [6] 2, 40). — 
23. Isoamylamine forms Cjlj^.CnrNCjHj,, a 
yellow, non-volatile, basic oil (Schiff, 140, 
93).— 24. Heptoic aldehyde (70 g.) heated with 
aniline (67 g ) and HOAc (150 g.) at 100° forma 
CHH,8.CH(OH).NHPh, a red oil with pleasant 
odour (Leeds, A. C. J. 5, 2).— 25. By heating 
with aniline or di-phenyl %rea there is formed 
C«H,3.CH:NP1 i (or (C9Hj,.CH)3(NPh),), a neutral 
yellow oil, which^combines with isoamyl iodide 
at 100° forming C,,6HgBN.^C.,H,jI (Schiff, A. 148, 
336 ; Suppl. 3, .351).— 21k Benzoyl-amline forms 
C9H,g.CH(NPliBz)j., which *is split up on distil- 
lation into fizgO and (Cj,Hi3.CH)g(NPh) 3 (Schiff ). 
27. Ethyl-aniline fdrma CJHjj.CHpfrtftEt), 
(216°-220°](? a neutral oil.— 28. Allyl-amline 
forms C9H,g.CH(NPhCjH4)j, a neutral oil.— 
29, Di-phenyl4hio-urea in the cold foxfflP 

CjH„.CH<^^^^CS, a neutral solid, sol. ether 

(Schiff). — 30. XylidineivL gtacial acetic acid forms, 
according to Leeds (A. C* J. 6, 2), a red liquid 
OgH,g.CH(OH).NHCaH3Me^ with pleasant odour. 
81. \a)-Naphthylamine in HOAo forms, in like 
numner 02H„.CH(OH).NHC,oHp a red liquid. 
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Mnelling like pine-apples (Leeds).— 82 . {a).Naph- 
thylamine add^ to a diy ethereal solution of 
heptoio aldehyOT forms a yellow, amorphous, 
neutral substance (OeH„.OH)2(NOioH7)j ; insol. 
water, sol. alcohol and ether (Papasogli, A. 171, 
189). — 33. Treated with di-methyl-aniline in 
presence of ZnCl^ there is formed (together with 
products resulting from the polymerisation of 
the aldehyde) a condensation product CjaH^iNj 
or CBH,8.0H(C8H4NMe2)2. This forms long 
colourless needles [69‘6°], (276° at 16 mm.) ; si. 
sol. cold alcohol, insol. water. On oxidation 
this base does not yield the conesponding car- 
binol, but gives a passing colouration and an 
odour of oenanthol (Auger, Bl. [2] 47, 42).— 
84. ZnEtj followed by water forms the alcohol 
OJS„.OHEt.OH (195°) (Wagner, B; 17, Ref., 816. 
Bef.).— 86. Heptoio aldehyde (76 g.) heated with 
amline (20 g.) and cone. HClAq (00 g.) for 2 hours 
at 100° forms amyl-hexyl-quinoline (Doebner a. 
Miller, B. 17, 1710). 

Combinations with sulphites. — The 
combinations with bisulphites of the alkalis may 
be obtained directly, or by passing SO.^ into an 
alcoholic solution of heptoic aldehyde containing 
potash, soda, or NH,.— CeH„.Cn(OH).SO,Na aq : 
brilliant unctuous scales ; v. sol. water, v. e. sol. 
hot, nearly insol. cold, alcohol. Decomposed by 
acids and alkalis, with liberation of heptoio al- 
dehyde. With BaCla its solution gives a pp. of 
(C,H,jSO,)JBa, whence H,S04 liberates oily 
C,H,4S0„ a compound which is also formed by 
passing SOj into an aqueous solution of heptoic 
aldehyde (Mendelejeff, A. 110, 241). — 
C,H„S08NH4: small shining prisms,^ si. sol. 
water and alcbhol. Decomposed by boiling water 
into heptoic aldehyde and acid ammonium sul- 
phite. When heated with potash-lime at 265° 
it yields tri-hexyl-amine (Petersen a. Gossmann, 
C. 0.1857, 193).— (C,H,40)jS02(NH2Ph),: neo.- 
dies. Obtained by mixing heptoic aldehyde with 
an ethereal solution of aniline sulphite (Schiff, A. 
140, 129).— C,H,jS08NH8Ph : usually obtained 
in attempting to prepaie the preceding (SchilT, 
A. 210, 127). Decomposed by water at 65° into 
C-H,,.CH:NPh and crystalline 

C8H,8,C»[(OH).SO,NH8Ph aq.— 
08H,..CH(0H).S03 .NH,.CHj.C 02H : crystalline 
mass, insol. ether, si. sol. alcohol. Obtained 
by dissolving heptoio aldehyde in an aqueous 
solution of glycocoll saturated with SO.^ (Schilf, 

A. 210, 125). „ 

Phenyl’hydytzide C7H,.:N.NH(C,Hi). 
(240° at 77 mm.). 6il. Formed oy the action 
of phenyl-hydrazine on oenanthol (Reisenegger, 

B. 16, 663). 

Oxim 0,H,4.N03FI. [60°]. (196° cor.). 

Formed by the acKon of hydroxylamine (base) 
on mnanthol (Westenberger, B. 10, 2992). Large 
wiiStwiables. Sol. alcehol, ether, and hot water. 
With FejClj it gives a rose-red colouration. HCl 
resolves it into its constituents. By the action 
J A03O it is converted into the nitrile of heptoio 
acid (Lach, B. 17, 1672). 

Pi^hyl ether C,H,4.NOEt. (186°). Oil. 

HEFTOLACTOITJS V. Lactone of Oxy-heptoio 

ACID. 

HEFTONENE 0,H,„ i.e. 

CH,;CH.CH,.CH:CH.CTT;Cn2. Heptane. (115°). 
From di-aliyl-carbinyl chloride and alcoholic 


KOH (Saytzeff, A. 185, 144). Bromine forms 
liquid O^HioBrB. 

Heptonene OjHjj.CiOH. (0. 112°). S.O. ” 
‘7468. /ij, 1-4207. From heptoic aldehyde and 
PClj followed by alcoholic KOH (Briihl, A. 235, 
10 ). . 

Isomeride : Toluibe dihtdbide. 

HEPTONITBILE M Nitrile of Heptoio icid. 

HEPTOYL. The radicle C^H.s.CO. 

HEPTOYL-ACETIC ALDEHYDE. Sodium 
derivative CBH.g.CO.CHNa.CHO. Obtained by 
treating methyl hexyl ketone (1 mol.) and formic 
ether (1 mOl.) with NaOEt suspended in ether 
(Meyer\fitz, B. 21, 1144). Phenyl-hydraziuo 
cort/erts it into phenyl-hexyl-pyrazole OjsHnoNj, 
adhick oil (319°).°' 

HEPTYL. The radicle C^H,*. 

Diheptyl v. TetbSdecane. 

HEPlfYL ACETATE v. Heptyl aloohol. 

HEPTYL-ACETIC ACID v. Ennoio acid. 

Di-heptyl-acetic acid v. Hexade^oic acid. 

HEYTYL-ACETO-ACETIC ETHER v. Aceto- 

ACETIC ACID. 

HEPTYL-ACETONE v. Methyl octyl ketone. 

tuHEPTYL alcohol CjH.bO i.e. 
CH,.ClI..Cir..CII,.CH.CH..CH.,OH. > Mol. w. 
116. (175-8^' i.V.) (Zander, A. 224, 84); (176 5° 
i.V.) (Grinisbaw a. Schorlcmmer, C. J. 26, 1081); 
(175-5°) (C. F. Cross, C. J. 32, 123) ; (176° cor.) 
(Perkin). S.G. 2 ‘8342 (Z.) ; 2*838 (0.); *8308; 

-8252 (P.). M. M. 7’850 at 12*6°. O.E. (0°- 
i0°) -00083 (Z.). S.V. 168-3 (Z.). Occurs to a 
small extent (l*6g.) in brandy (100 litres) (Ordon- 
ncau, G. R. 102, 219 ; cf. Faget, Bl 1862, 69). 

Formation.—!. By reducing heptoio alde- 
hyde (oenanthol) in acetic acid solution with 
sodium-amalgam ; the resulting heptyl acetate 
being saponified with potash (Schorlemmer, A. 
177, 304 ; c/.Bouisa. Carlet, A.124, 352; Jourdan, 
A. 200, 102; Sorabji, C. J. 47, 41).— 2. By re- 
ducing heptoic aldehyde with zinc-dust and 
HOAc (Krafft, B. 16, 1723). -3. From n-heptyl 
chloride (Schorlemmer a. Thorpe, T. 174, 270). 
4. Among the prodiicts of the distillation of 
sodium ricinoleate with NaOH (Chapman, Z. 
1866, 737 ; Wills, C. J. 6, 307 ; Petersen, A. 118, 
69 ; Railton, C. J. 6, 205). 

Properties. — Liquid ; gives n-heptdic acid on 
oxidation. 

Acatyl derivative C,H,ftOAc. (191*6° cor.) 

K ; (191-3° cor.) (Gartenmeister). S.G. 

..1 (C.); 0 '8991 (G.). S.V. 221-0. C.K. 
(0°-10°) -00096. When obtained by heating 
heptoio aldehyde (ceuanthol) with zinc and 
glacial QOAc it boils at 180° according to Bonis 
a. Carlet (C. B. 66, 140). The rate of formation 
of this ether has been studied by Menschutkiu 
{Z. P. C. 1, 611). 

Methyl derivative C^Hi^OMe. Methyl 
heptyl oxide. (161°) (W.); (160°) (D.). S.G. 

-830 (W; ; g *7963 (D.). C.E. (0°-10°) -001 
(Dobriner, A. 243, 3). From Na00,H,5 and Mel 
(Wills, C. J-. 6, 307). 

Ethyl derivative Ethylheptyl 

oxide. (166°). S.G. ^ *790. From n-heptyl 
iodide and NaOEt (CrosS). Wills obtained from 
NaOC,H„ and EtI a compound (177°); S.G. 
12 -791. 

n-Iso-lieutylalcoholOH,.{OHj),.OHMe.CH20H 
or (CH,)..Cn.(CH,),OH80H. (165°) (G.); (lOf ) 
‘(S.). S.G. -829 (S.). Obtained, together with 
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methyl - iso - amyl . carbinol, by passing dry 
chlorine into the vapour of boiling isoheptaue 
(CH,)2CH{CH2 )j,CH 3, converting the resulting 
mixture of chlorides into acetates, and saponify- 
ing these (Grimshaw, A. 166, 167 ; Schorlemmer, 
Pr. 14, 164, 464). It gives a hoptoio acid (210'^- 
213°) on oxidation. | 

Acetyl derivative 0,H,.OAo. (179°).- 

S.a. -871. 

Heptyl alcohol C^H.^OH. (165°-170°). Ob- 
tained by chlorination, &c., from the heptane 
(90°) which occurs along with n-heptane in 
Pennsylvanian petroleum (Schorlehimer, O. J. 
26, 319). Perhaps identical with the preceding 
alcohol. Gives on oxidation* a heptoio* acid 
(209°-213°). • • 

Acetyl derivative (180°). 

Scc-heptyl alcphol CH3(CH2),CH^»OH).CH.,. 

Methyl-amyl-carhino}. (161°) (Sohorlemmor, 
0. J. 26, 319 ; A. 161, 279) ; (167°) (Schor- 
lemmer a. Chorpe, T, 174, 270). Formed from 
the scc-heptyl chloride which is obtained by 
chlorinating n-heptane. Formed also from 
petroleum heptylene by treatment Vith cold 
cone. HC^q, and heating \Yitli HIAq at lt?0° the 
portion \raich does not combine with HCl ; tho 
resulting iodide is then heated yith Pb(OAc)2 
and the acetate saponified (Morgan).# On oxida- 
tion it gives a ketone (151°), and finally acetic 
and n-valerio acid. 

Acetyl derivative C^HuOAc. (170°). 
(Schorlemmer, A. 188, 254). 

fifcc-hoptyl alcohol Pr.CII,.CH2.CH(OTI).CH;. 
Methyl-isoamyl-carhinol. (147'^) ; {148°-154°) 

(P.). S.G. 11? ‘8186. One of the alcohols ob- 
tained fi^m isoheptane Pr.CHo.Pr by chlorination | 
Ac, (Grimshaw, G. J, 20, 309). Obtained also ' 
by reducing methyl isoamyl ketone with sodium , 
amalgam, the yield being 72 p.c. (Rohn, A. 190, 
309 ; Purdie, G. J. 39, 467). Gives on oxidation | 
methyl isoamyl ketone (143°) and finally acetic 
and isovaleric acids. * 

Acetyl derivative C^Hi^OAc. (167°). S.G. 
»-8506. 

Scc-hoptyl alcohol C^HijOH i.e. 
Et.CH(OH).CH2Pr. Ethyl-hutijl-carhinol. (141°). 
Formed trom petroleum heptane by successive 
conversion into heptyl chloride, heptylene, heptyl 
chloride, and heptyl acetate (Morgan, (7. J. 28, 
801).* On oxidation it gives a ketone (141°), 
and finally acetic and n-butyric acids. 

/S’cc-heptyl alcohol C,H,jOH. (149°). Formed 
together with a primary alcohol (165 -170°) 
from one of the heptanes (90°)inPenn^lvauian 
petroleum, by chlorination, &c. (Schorleminer, 
0. J. 26, 319). Gives on oxidation a ketone 
(142°-146°), and finally nothing but acetic acid. 

Sec-heptyl alcohol PraCH.OH. Di-propyj,- 
sarbinol. (160°) (K.) ; (154°) (S.) ; (155°) (U. a. 
S.). S.G. -8188 ; *8106 (U. a#K.) ; ’814 

(K.) ; ^ *833'. Formed by the action of sodium 
on di-propyl-ketone mixed with a little water 
(Friedel, A. Gh. [4] 10, 310 ; Kurz, A. 161, 206), 
or by treating 7t-butyryl chloride with zinc propjd 
followed by water (Stolferbako£(, Bl. [2] 34, 347 ; 
87, 344). Formed also from di-propyl ketone 
(1 mol.), propyl iodide (8 mols.) and zino 
(Ustinoif a. Saytzeff, [2] 84, 468). Oxida- 
tion produces di-propyl-ketone, and finally pro-, 
pionic and butyric acid. 


Acetyl derivative (170°-172°). S.G. 

•8587. Volatile liquid, with c^phor-likc odour, 
si. BolwWater, miscible with alcohol. 

Scc-heptyl alcohol PrjGH.OH. Di-isopropyl- 
carbinol. (131°). S.G. ^ *8323. Formed by 
reducing di-isopropyl-ketone by sodium-amalgam 
(Munch, B. 7, 1370; A. 180, 333). Liquid, 
smelling like peppermint, si. sol. water, v. soL 
alcohol and* ether. Chromic acid mixture 
oxidises it to di-isopropyl-ketone. 

Sec-heptyl alcohol Pr.CH2.CEtH.OH. Ethyl- 
isobutyl-carbinol. (148°). S.G. - -827. Formed 
by treating isovaleric aldehyde with ZnEtj and 
water successively (Wagner, Bl. [2] 42, 330). 

On oxidatiqp it gives ethyl isobutyl ketone, and, 
finally, acetic and isovaleric acids. 

Acetyl^crivative CjHijOAc. (163°). 

Tcri-heptyl alcohol CEtjOH. Ti i-ethyUcar- 
binol. (141°-143° i.V.). V.D. 3*74 (for 4-01). 
S.G. If -8389 ; -8299 (B. a. S.) ; ^ ‘859 (N.). 

Formation. — 1. From di-ethyl ketnno(imol.), 
EtI (3 mols.) and zinc (Barataoff a. Saytzeff, 

J. pr. [2] 34, 463).— 2. From ZnEt^ and pro- 
pionyl chloride (Nahapetian, Z. [2] 7, 274; A, 
162, 44). 

(livgs on oxidation COj, di-etbyl ketone, 
heptylene, propionic acid, and acetic acid. 

Acetyl derivative C,H,jOAc. (160°- 
163°). 

2’crf-heptyt‘ alcohol Pr.CllMClMe.OH. Di- 
methyl-isobutyl-cajbinoJ. (130°). From paeudo- 
heptylene MeXiCH.Pr by passing gaseous HI 
into the hydrocarbon, and decomposing the 
resulting iodide with moist Agp (Markownikoff, 

Z. 1871, 268). Formed also by dropping iso- 
valeryl chloride (1 mol.) into cooTed zinc methyl 
(2 mols.), leaving the mixture to itself for a 
month, and then decomposing it with water 
(Pawloff, A. 173, 192). Colourless liquid, lighter 
than water and nearly insoluble therein. Smells 
like camphor. Gives acetic and isobutyrio acids 
on oxidation. 

Tert-heytyl alcohol CMe^.CMejOH. Di- . 
niethyl-tert-butyl alcohol. Fenta-methyl-ethyl 
alcohol. [17°J. (131°).* Foimed by the action 
of ZnMe* on CMej.CO.Cl, the product being de- 
composed by water (ButleroW, A. 177, 176). 
Formed also from a-bromo-isobutyryl biymide 
by treatment with ZiiMe^ followed by water 
(Kaschirski, C. G. 1881, 278) ; and from 
CCI3.COCI (1 mol.) and ZnMea (5 mols.) (Bogo- 
moletz, A. 209,78). The oily liquid obtained 
by any of these processes is j^is tilled with steam, 
and a hydrate 0,H,sO ^aq *3 got which crystal- 
lises in long prisms, si. sol. water, v. sol. alcohol 
and ether ; it has 8 burning taste and an odour 
like camphor. This hydrate melts at 83° and 
begins to boil at 100°, givi«g off water, and at 
130° the anl^ydrous alcohol passes over. The 
dehydration may also be*effectGd by leavHB^illie 
hydrate in agolosed vessel over »aryta at 100°. 
The anhydrous alcohol is hygroscopic, readily - 
changing to glistening leaflets of the hydrate, mm 

Tsrf-heptyl alcohol C,HijOH i.e. 
CHMeEt.CMe20H. (139°). S.G. a -8487; M 
^329. Formed by treating a-bromo-»-Dutyfio 
bromide with ZnMe^ followed by water (Ka- 
sohirski, 0. 0. 1881, 278). * Oil, smelling like 
camphor. Gives methyl ethyl ketone, acetone, 
and HOAo on oxidation. Gives rise to a heptyl- 
ene (92°-95°). 
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Teri-heptyl alcohol MeEtPrC.OH. Methyl- ] 
ethyl-propyl carHnol. (135®-138°) (P.); (140°) 
(S.). S.G. 22 -828'; -Bll. Fromfbutyryl 
chloride, ZnMej, and ZnEtj, followed by water 
(Pawloff, A. 188, 122), Formed also by treating 
ethyl propyl ketone with Mel and zinc (Sokoloff, 

J. R. 1887, 687). Gives rise to a hoptylene (76°- 
80°). Chromic acid oxidises it to acetic and pro*; 
pionio acids, COj, and some ethyl*propyl ketone, 
together with a small quantity of a heptylene 
C,H„ (97-4°), S.G. 22 -718 ; 22 -709. ^ 

Acetyl dertva iivo OMeEtPrOAo. (169). 
rcrf'heptyl ^oohol MeEtPrC.OH. (124°- 
127°). From isobutyryl chloride, ZnMe.^, and 
ZnEt, (P.), Gives rise to a heptylere (76°-80°). 

References . — Tetrx-bromo -hep alcohol 

and Chloro-hkpttl alcohol. 

n-HEPTYl-AMINE (154°) (H.); 

(166°) (H. a. D.). , . , , 

Preparation.— 1. A mixture of equal mols. 
of ootoio amide and bromine is run into an ex- 
cess of a 6 p.c. solution of KOH at 60° ; the 
yield is 30 p.c. (Hofmann, B. 16, 772 ; Hooge- 
werff a. Van Dorp, R. T. C. 6, 386).-2. An alco- 
holic solution of Tt-heptoio aldehyde-phenyl- 
hydrazide is reduced by means of -sodium- 
amalgam and acetic acid at 26°— 30° j the yield 
is 23 p.c. of the theoretical (Tafel, B. 19, 1928). 

Prqpsrfiss.— -Liquid ; forms a carbonate on 
exposure to the air.-B',H,PtCl, : blackens be- 
tween220°-230°,— Pier ate B'OaHjNsO,: needles 
[ 121 °]. 

Heptylamine C,H„NH,. (146°). Formed 
by heating heptyl chloride (from petroleum 
heptane) with« ammonia at 120^ for several 
days : di- and tri-heptylaraines being also pro- 
duced (Schorlemmer, C. J. 16, 221 ; cf. Cahours 
a. Pelouze, A. Ch. [4] 1, 6). Light oil, smelling 
like ammonia, m. sol. water, but separated from 
its aqueous solution by KOH.— The hydro- 
chloride crystallises in small scales, v. sol. 
cold water.— B'^H^PtCl^: small yellow scales, si. 
sol. cold, v. sol. hot, water; sol. alcohol and 
ether. " 

HEPTYL-BENZBNE i.e. C,H,,.CeH,. 

(110° at 16 n\m.). Formed, together with 
C,H,^(C«H02, by flic action of AlCl, on a mix- 
ture of CoH„.CHCla and benzene (Auger, Bl [2] 
47 60 ; Krafft, B. 19, 2982). When nitrated at 
!0° it gives C,H,s.CflH,.N02 as a yellowish oil 
178° at 10 iqm.)I whence tin and HCl produce 
(175° at 15 mm.). 

n-HEPTYl C,H„Br. Brrnno- 

heptane. (179°). 8.0.^1133. From ».heptyl 
dcohol and HBr (Cross, C. J . 32, 123). 

Sec-heptyl bromide CjHjj.CHBr.CHa. (167°). 
B.G. 12 1*422. Prepared by the action of bromine 
on boiling n-heptane (Venable, «B. 13, 1649). 

Me.O.Clfr^r. [160°]. 
Prom penta-methyl-ethyl alcohol and PBr, 
(Kasohiraki, C. 0. 1881, 278). Formed also 
from Me,C:CH.CHMe2 and HBr. Solid, sol. 
alcohol, V. e. sol. ether. 

n-HEPTYL CHT^OEIDE 0,H„C1 <.«. 
CH,(CH2)bCHjC1. Chloro - heptam- (169 ). 
g G 12 •881. Frdm n-heptyl alcohol and HCl 
(C F Cross, G. J. 32, 123). Formed also, to- 
cher with CH,(CH,),CHC1.CH„ by chlorinating 
heptane from Pmus Sabiiviana. 


n-/Scc-heptyl chloride C;H,,,C1 i.e. 
CIT,(CH,)^CIIC1.CH3. Formed as above (Schor- 
lemmer 'a. Thoi-pe, A. 217, 150). Not obtained 
free from the preceding, the mixture of the two 
boiling between 143° and 168°. When chlorine 
acts upon n-heptane (98°), from petroleum, a 
mixture of heptyl ohlfcrides (145°-160°) is ob- 
tained (Schorlemmer, v. Je 26, 819 ; cf. Pelouze 
a. Cahours, A. Ch. [4] 1, 6). When passed over 
heated lime this mixture* of chlorides gives a- 
mixture of heptylenes (96°-99°), with one of 
which HCl combines in the cold, forming a sec- 
heptyl chl6ride (188°-142°) (Morgan, A. 177, 
307). * 

lloptyl chleride C,H,bC 1. By chlorinating 
tbe isoheptane (90°) in petroleum, there is ob- 
tained a mixture of heptyl chlorides (144°- 
168°), whence KOAo^tofms a mixture of heptyl 
acetates (i60°-185°), whence a mixture of a pri- 
mary and a secondary heptyl alcohol may be 
got (Schorlemmer). 

Heptyl chloride C,H,5C1. By chlorinating 
isohentane Pr.CHj.Pr there is formed a mixture 
of heptyl chlorides (140°-150°), whence KOAo 
gives*' a mixture of acetates (160°-175°), from 
which a primary and a secondary heptyl alcohol 
may be obtained (Schorlemmer). 

S^jc-hentyl chloride Pr.CHL,.CH2.CinieCl. 
(130°). From the corresponding alcohol and 
HCl (Rohn, A. 190, 312). 

7'<3r(-heptyl chloride CMeg.CMejCl. [13o j 
(K ) • [123°] (E.). From the corresponding alco- 
ho\ and PCI. (Butierow, A. 177, 176 ; Kaschirski, 
C. G. 1881, 278 ; Eltekoff, J. R. 14, 384). Small 
crystals. With aqueous AgNOj it gives a pp. of 

^ 7°crf-heptyl chloride CMcEtPrCl. (135°- 
138°). S.G. ^ *899. From the alcohol and HCl 
(Kaschirski, J. B. 13, 90). 

n-HEPTYLENE C.H,* t.e. CH,(CH2),CH:CH2. 
n- Amyl-ethylene. Mol. w. 98. (99°). S.G. 

*703. Formed from n-heptane (of petroleum) 
by chlorinating, and heating the resulting mix- 
ture of hoptvl chlorides with KOAc and AOjO at 
160° (Schorlemmer, C. J. 20, 322), or bypassing 
them over heated lime (Morgan, C. 7. 26, 303). 
The mixture of heptylenes so obtained is treated 
with HCl, which combines only with ij/-heptylene 
leaving n-heptylene free. n-Heptylene occurs 
amon^ilt the products formed in the preparation 
of oil gas (Armstrong, G. 49, 74). n-Heptylene 
combines with HCl when heated with fuming 
HClAq at 120°. With hydriodio acid at 120° it 
forms CbH„.CHI.CH,. With water it forms, ac- 
cording'to Le Bel (C. B. 81, 967), a hydrate, 
whi^h is resolved by heat into water, a resm, 
and an unsaturated alcohol (140°). 

iJ^-Heptylene CbH^.CH^CH.CH,. (98*6 ). The 
mixture of ohloro-heptanes from the heptane of 
PiniLS Sahirdana, containing CH3(GH2)5CH2C1 
and CH,((yi2)4CHC1.0H, if heated with alco- 
holic KOH at 100° forms a mixture of heptylenes 
and ethyl heptyl oxides. Tteheptytoe, purified 
by distilling over sodium, boils at (98*6 ). This 
dieptylene, placed with fuming HCl m the dark 
for six weeks, is Jbut sU^tly afifeoted, only 10 p.o. 
combining. On the other hand, petroleum hep- 
tylene combines under the same conations to 
the extent of 60 p.o. But after several months 
the first heptylene (from Pinus) is almost com- 
pletely combined with HCl, whRe more of the 
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petroleum heptylcne has combined. Thus cold | HEFTTLIDENE DI-ACETON AMINE v. Acs- 
HGl ^vill not separate isomeric olellncs. Pintis Toumms, 

bepty^lene is oxidised by H^SOf and KiCr.^O^to | HEFTYLlBENE-LI-AMlilE Di-hemoyl 
valeric and acetic acids o^y (Bohorlemmer a. derl^jative OjiILjeNjO, i.e. OeH„.(3H(NHBzi), 


Thorpe, A. 217, 161 j c/. Venable, A. G. J. 4,22). 

It rapi^y absorbs ClOH in the cold (Grissom, 
Am. 10, 226). 

Heptyleue 0,H,^. Irom heptylidene chlorid.e 
and sodium (Limprioht, A. 103, 86). • 

Jso-heptylene Fr.CH2.CH;CH.CH,. (9P). 
S.G. iS *706. From EtOjH,,, by chlorinating and 
heating the resulting mixture of heptyl chlorides 
with KOAc and Ac^ at 160° (Grimshaw, C. J. 
26, 313). The product, however, ia» probably a 
mixture ; for a part only ooinbines in the cold 
withHCl. • , 

Heptylene C,H,« i.e. Pr.CH,.CH,.CH:OH, ? 
(76°-80°). From Fr.GHt.CH^.OHI.CHa and alco- 
hoUo KOH (Rohh, A. 190, 314). * 

Heptylene 0,H,4. ^91°). From the isohep- 
tane in petroleum (Schorlemmer, G. J. 26, 320). 

\|/-He^ylene Fr.CH-.CMoj or Fr.CHj.CMeiCHj. 
(84°). S.G. 2 -7144. From di-methyl-isobutyl- 
carbinyl iodide and alcoholic KOH at 100° 
(Pawloff, A. 173, 194). Unites with repro- 
ducing ijie parent iodide. 

Heptylene Pr.CH:CMe,. (82°). S.G. 1^-6995. 
From oxy-iso-octoic acid (C3H,)5C^H).C02H by 
heating with water and a few dropi of H^SO^ at 
180° (Markownikoff, Z. 1871, 268). Unites with 
HI, forming PrOMel, and is perhaps identical 
with the preceding heptylene. 

Heptylene CMe^.CMeiOH,. (80°). From 
CMej.CMejI and alcoholic KOH (Butlerow, / R. 
7, 44; Kaschirski, C. G. 1881, 278). Formed 
also by heating CMe2:CHMe with Mel and PbO 
at 226° (Eltekoff, J. B. 14, 382 ; B. 16, 396). 
Combines with HI, forming CMe^.CMejI. 

Heptylene CMe^-.OMeEt. (75^-80°) (Pawloff, 
A. 188, 122) ; (92°-95°) (Kaschirski, C. C. 1881, 
278). S.G. 2 '7355; *7188 (K.). From 

MoEtPrC.OH. 

Heptylene IICEf.CMeEt (?)? (90°-95°). 

From MeEtPrC.OH (i’f). Socoloff {J. R. 1887, 
687> among the products of the oxidation of 
CMeEtPrOH -found a heptylene (97°), S.G. ^ 
*718 which on further oxidation yielded acetic 
and propionic acids but no ketone. 

Heptylene C^H,,. (96°). S.G. *742. Occurs 
in the product of the distillation of «olophony, 
arftt separated from toluene by sulphonating the 
latter (Renard, Bl. [2] 39, 649 ; cf.G. R. 91, 419 ; 
Emraerling, B. 12, 1441). 

Heptylenes have also been obtained with the 
following boiling-points : (a) by strongly heating 
paraffin (94°-97°) (Thorpe a. Young, A. 165, 11) ; 
(6) by heating heptoio aldehyde with lime (96°- 
100°) (Fittig, A. H7, 77) ; (c) by heating fusel 
oil wth ZnOlj (80°-86°) (Wurtz, J5Z. 6, 307) ; 
(d) by distilling a lime soap farmed from Train 
oil (94° cor.) (Warren a. Storer,^. 1868, 229). 

jBe/erence.— B bomo-hkptxlknb. 

HEPTYLENE BROMIDE v. Di-bromo-hep- 

XJlNR. 

HEPTYLENIC acid 9. Heptenoio ach^ 

DI-HEPTYL-HEWOIC ^LDEHYDE v. Hen# 

MOSBNOXO ALDEHYDE. 

heptyl HYDRIDE v. Heptane. 

HEPTYLIC ACID v, Heptoig acid. 

HEPTYLIDENE. The radicle 


[128°]. Formed by heating heptoio ^dehyde with 
benzamide (Medicus, A. 167, 44). Insol. water, 
HCLAq, and KOH ; el. sol. boiling ether, v. sol. 
boiling alcohol. Split up by boiling HClAq into 
benzamide |md heptoio aldehyde (oenanthol). 

Di-nitro-di-benzoyl derivative 
C3H„.OH(NH.00.0^4.N03)2. [170°]. From 

heptoio aldehyde and nitro-benzoio aldehyde. 

.HEPTYLIDENE BROMIDE v. Di-bromo- 

HEPTANE. 

HEPTYLIDENE CHLORIDE v. Di -CHLORO- 

HEPTANE.* 

HEPTYLIDENE THIOCARBIMIDE 
0,H„.0H(NCS)„. From C3H,3.CH(NH.CB.NH2), 
by warming frith alcohol and HCl (H. Schiff, B. 
11, 833). Oil, with disgusting odour. Combines 
wvjih NHs reproducing the parent substance. 

HEPTYLIDENE-DI-THIO -DI-UREA 
C.jH,,N 40, i.e. 03H,3.CH(NH.CS.NH2)2. Formed 
by adding a drop of HCl to an alcoholic solution 
of tliio-urea and heptoio aldehyde (oenanthol) 
(H. Schiff, B. 11, 833). Decomposed by HCl 
forming the preceding body. 

HEPTYLIDENE-DI-UREA C,H A 
C„n,3.CH(Nn.CO.KH.,),. [166^]. Formed by 

adding lioptcic aldehyde (oenanthol) to an alco- 
liolic solution of urea. Small needles ; v. si. sol. 
alcohol and ether. Decomposed by heat. Boil- 
ing dilute acids split it up into urea and heptoic 
aldehyde. When warmed with an alcoholic 
solution of benzoic aldehyde there is formed 
C,H3.CH(NH.C0.NH.CH(C,H^.1SIH.C0.NH2)2 ; 
a powder insol. water, si. sol. alcohol and ether 
(Schiff, A. 151, 195). 

Di - heptylidene - tri - urea O^H^NgOj i.e. 
(NH2.C0.NII.CH(C,H,3).NH)2.C0. [162°]. 

Formed by triturating urea with heptoio alde- 
hyde. Crystalline powder. Boiling dilute acids 
convert into it urea and heptoio aldehyde. 
Benzoic aldehyde forms C„H,-Cn{NH.CO.NH. 
CH(C..H,,).NH.C0.NUcH(C„H,3).NH.09.NH2}i 
a gelatinous substance •that swells up in water 
(Schiff). 

Tri - heptylidene - tetra - urea A* 

[166°]. Formed, together with pente-heptyl- 
idene-hexa-urea CgjHgjNijO, [o. f60°], by heating 
either of the preceding uroides with heptoio 
aldehyde at 100°. Amorphous yelloW powder ; 
insol. water, si. sol. alcohol afid ether. • Swells 
up in cold water (Schiff f c/. Leeds, B. 16, 293, 
who questions the above formulse), 

n-HEPTYL IODIDE CAsI 
CH,(CH*)gCH2L (203*8°). S.G. ^-4008. S.V. 
198*6. O.E. (0°-10°) •*00091. From n-heptyl 
alcohol and HI (Cross, A. 189, 4 ; Dobriner, A. 
243 28). * 

n - Sec - heptyl idRide OH,.(OH2)fOHf.CH,. 
(98° at 60 Am.) . From the oorrdbponding bromide 
by treatment with KI (Venable, B. 18, 
Converted by NaOEt into heptylene. VPfcBtt' 
distilled under atmospheric pressure it splits up 
into HI and jfleptylene. • . 

Heptyl iodide C,H,gP. (170°). Obtained from 
heptylene (from petroleiyn heptane) and HI at 
100° for 12 hours (Schorlemmer, 0. J. 16,220). 

Heptyl iodide CAul- (190°). Obtained by 
the action of iodine and phosphorus on the 
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heptyl alooliol deriyed from heptane of pe - 1 
troleum (Schorlei^er, C. J. 16, 219 ; c/. Peter- 
sen, A, 118, 74}. ^ Heavy oil; alcoholic AgNO, I 
separates the wnole of its iodine as Agl. ^ 

Heptyl iodide i.e, PrjOHI. (180®) 

(K.) ; (186®) (P.). S.G.^1-2. From di-propyl- 
oarbinol, I, and P (Kurtz, A* 161, 206 ; Friedel, 
A. Ch. [4] 16, 310). 

Heptyl iodide O 7 H 15 I Br.CHj.CMe.J. 
Prom di-methyl-isobutyl-oarbinol and HI (Paw- 
lofl, A. 178, 192). Also from Me 2 CH.OH:CMe 2 and 
HI. Heavy oil. 

Heptyl iodide OMe,.OMe,I. [142®]. From 
the alcohol and HI (Butlerow, A. 177, 184; 
Kasohirski, C. C. 1881, 278). Soli^, smelling 
like camphor. 

Heptyl iodide Pr.OHj.CH,.CHMe. (166®- 
176®). From the alcohol and iodide of phos- 
phorus (Bohn, A. 190, 313). 

Heptyl iodide MeEtPrOI. (146®). S.G. 

2 1-93; 22 1*373. From the alcohol and^ HI 
(Kasohirski, J. R. 13, 90). Suffers much de- 
composition when distilled, 

DI-HEPTYL KETONE C„H 3 „Oi.e. (C,H, 5 ) 200 . 
[40°]. (178°). Obtained by distilling barium 
octoate (oaprilate) with excess of lime (Guckel- 
berger, A. 69, 201). Waxy solid. 

n-SfiC-HEPTYL-MAlONIC ACID C,oH„0, i.e. 
OjHuCHMe.CHfCO^njj. [98® uncor.] White 
crystals. Sol. alcohol, chloroform, and ether, si. 
sol. water. 

Salts (Leeds, A. C. J. 6 , 10 ).— BaA": white 
powder, insol. water and alcohol. — CuA"; light- 
blue crystals, si. sol. water, sol. alcohol.— Pb A" ; 
[235°].*\^ite m&ss, insol. water, si. sol. alcohol. 
— ZnA" : [247*j ; minute crystals, — AgjA" : 
[244®] ; minute crystals, insol. boiling water. 

Ethyl ether MM. (263°-265®). Colourless { 
liquid. Prepared by the action of n-sec-heptyl i 
iodide and sodium on a mixture of alcohol and 
malonio ether. On heating the acid to 160° it , 
gives heptyl-acetio acid and COj (Venable, B. 13, 
1661). 

HEPTYL OCTYL OXIDE 
(278*8®). S.G. g *8182. B.Y. 376*8. O.E. (0®-10°) 
•00086 (Dobriner, A. 243, 10). 

DI-HEPTYL-Oh.IDE (C,H„)20. (201*9°). 

S.G. g i8162. S.V. 362*7. C.E. (0®-10®) *00098 
(Dobriner, A. 243, 9). 

HEPTYL -TJEEA Octoyl derivative 
0 ,H, 5 NH.C 0 .NH.C 0 .C,H,j. [102°]. Formed by 
the action of an‘ alkaline solution of bromine on 
octoio amide (Hofma^ij, B. 16, 760 ; ,17, 1408). 

HEBACLEUH OIL. The essential oil of the 
oow-parsnep {Heracleum Sphov^ylium) is light- 
green, mobile, S.G. ^ *864, and consists mainly 
of octyl acetate ( 200 ®- 212 ®), whence by saponifi- 
cation octyl alcohol (191°) may be obtained. The 
nbrtions boiling at a higher temperature contain 
oct^hdstoate (^70°) (Zihcke, A. 162, 1). The 
oil also contains ethyl butyrate, helyl acetate, 
^ootyl decoate, and octyl laurate in small quan- 
•wlttjB (Mdslinger, A. 185, 26). The water witli 
which the oil has been distilled contains methyl 
aloohol^iothyl alcohol (in smaller quantity), acetic 
acid, and oaproic acid; 

The volatile oil of Heracleum giganteum is 
a mixture of octyl acetate, hexyl butyrate, and 
ethyl butyrate (Pranchimont a. Zincke, B. 4. 
922? A. 103, 198; Gutzeit, A. 177, 844). 


IODIDE. 

HEEACLIH [185°}. B. (alcohol) 

•14 in the cold ; 1*7 at 78®. S. (CSo) -083 in the 
cold ; *25 at 46°. Occurs in the seeds of Hera- 
cleum giganteum (Gutzeit, J. 1879, 905). Silky 
needles (from alcohol). Insol. water, v. sol, 
chloroform, m. sol. ether. 

HESPEBETIC ACID v. Isofebulio Aoxn. 

HESPEBETIN v. H^pkridin. 

' E[ESPERET()L 

C 5 H,(OMe)(OH).CH:CHJ 4 : 3 :l]. [67®]. Prepared 
by the dry distillation of calcium isoferulato 
(Tiemann a. Will, B. 14, 967). Crystalline solid, 
sol. alcohol and ether. Dissolves in caustic alkalis. 
Gives a rr 1 colouration with H.^S 04 . 

KESPEBIC ACID CkH 2 , 0 ,. An acid which 
may be extracted by alcohol from orango-poel 
(Tanret, Bl. [2] 46, 500). Slender white crystals; 
not volatilq.; insol. wrttei* and ether, si. sol. cold 
alcohol, sol. boiling (90 p.c.) alcohol and chloro- 
form. Its K, Na, and Ca salts are amorphous, 
and decomposed by COg. — CaA'^. 

HESPERIDENE (178° cor.). S.G. 

*846. A terpene contained in the volatile oil of 
orange-peel, (Wright, C. J. 20, 549). It forms a 
tetrabr 9 mide CioHiuBr^ [105°], and with NOCl a 
nitroso- derivative [71®]. Identical witi\ citrene, 
carvene, limonene, Ac. {v. Terpenks). 

HESPERIDIN C, 2 ll 2 oO ,2 (T. a. W.), or 
C,oH,oOjj (Tanret). [251°]. S. (hot water) *02 
(Hilger, B. 9, 20) ; 1*3 at 100° (T.) ; 8 . (alcohol) 
*5 in the cold ; 1*8 at 78® ; S. (EtOAc) *67 
(Tanret, BL [2] 46, 502). [a]D=- 8 f. Dis- 

c<\vered by Lebreton {J. Ph. 14, 377) in many 
fruits of the genus Citrus ; thus it may readily 
be obtained from the white spongy inner coating 
of the peel of unripe Seville oranges, or from 
dry unripe bitter oranges [Citrus Bigarodia). ^ 

Preparation. — Dried unripe orange-peel is 
thoroughly extracted with water to remove other 
substances, and the residue then dissolved out 
with dilute alcoholic NaOH; the impure hes- 
peridin is ppd. from the solution by adding 
HCl and purified by extraction with alcohol, 
solution in NaOH, anu reppn. with 00^; the 
yield is at most 10 p.c. (Tiemann a. Will, 3. 14, 
946). 

White minute hygroscopic needles. Nearly 
insol. alcohol and water, insol. ether. * Weak 
acid, dissolving in aqueous NaOH. It does not 
react with AcCl, or form a compound with picric 
acid (Paternd a. Briosi, O. 6, 169), ^ 

Reactions. — 1. On reduction with sodium 
amalgam it gives a body which dissolves in alco- 
hol with a magenta-like colour. — 2. By boiling 
dilute H 2 &O 4 it is split up into sugars and hes- 
peritifli (CigHj^Oe). The sugar obtained is a mix- 
ture of 2 pts. of glucose with 1 pt. of isodulcite 
(Tanret, BL [2] 49, 20) ; these sugars may be sepa- 
ratftd by means of their phenyl-hydrazides, that 
of isodulcite [iSO®] being soluble in acetone 
(Will, B. 20, 1186).-— 3. Hesperidin dissolves in 
dUute KOH, the solution becoming gi*adually 
yellow ; if it be evaporated to dryness, and the 
residue be treated with dilute H. 2 SO 4 , it is turned 
red, ftnd afterwards violet. — 4. Potash-fusion 
forms protocatech^ acid.# 

Hesperetin i.e, 

[4:3:1] 0,H,(OMe)(OH).OH :OH.OO.O.OA(OH), Cl:3*.6] ? 
[226®]. Prepared by heating hesperidin with 
dilute HJ.SO 4 to 120® (E. Hoffmann, B. 9, 687 ; 
Tiemann a* Will, B, 14, 961). White plates. 
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7. sol. alcohol, m. sol. other, si. sol. water, 
benzene, and chloroform. Weak phenolic acid, 
dissolving in NaOH, ppd. by COj. Has a sweet 
taste. Like he^§peridin, on reduction with 
sodium-amalgam it gives a substance which 
dissolves in alcohol forming a magenta-like solu- 
tion. On boiling with aqueous KOH it decom- 
poses into phloroglucin4,nd isoferulic acid {hes-« 
peretio acid). FeClj gives a brownish-red colour.' 
Lead acetate gives a pp. Potash-fusion yields 
protocatechuic acid. 1 

Iso-hesperidiu C^oH.,^0,,/2aq or CjoH^^O.^jCaq. i 
[a]„= -89°. S. 200 at 100°. S. (90 p.c. alcohol) ! 
11 in the cold. Obtained from oraril|;e-peel by I 
extracting with (60 p.c.) alcohol, evaporliting, ! 
and shaking the residui with ohlorofcrm 
(Tanret, BL [2] 4(),.6jj2; 49, 20). Mmute 
needles from v^atcr (containing £aq), willi 
slightly bitter taste. Sl| sol. cold water, v. e. sol. 
hot water. Lffivorotatory. Split up by boiling dilute 
H2SO4 int« hesperitin, dulcite.and glucose. The 
substance called hosperidin by De Vrij is de- 
scribed as Naringin. 

HETERO-ALBUMOSE v. Proteibs. 

HEVEENE C,5H24? (315°). S.G. *1-921. 

The least volatile part of the product of the dry 
distillation of caoutchouc and gutta-percha 
(Bouchardat, A. 27, 30). Ambei-yellow oil. 
Miscible with alcohol and ether. HCl forms 


aceto-acetic ether, NaOEt, and heptjl iodide 
(Jourdan, A. 200, 114). Oil. - 

Is^eride v. Palmitic acid. 

HfiXADECYl. The radicle C,«n„, also 
called Cktyl (q. v.). 

HEXiDECYL ALCOHOL v. Cetyl alcohol. 

HEXADECYL ALLOPHANATE 
CjaHji.O.CO.NH.CO.NHj. [70°]. Formed by the 
action of chlero-formamide on an ethereal solu- 
tion of cetyl alcohol (Gattermann, A. 244, 41). 
Colourless plates (from alcohol). 

HEXADECYL-BENZENE C,«H,,.OaHs. [27°]. 
(230° at 15 mm.). S.G. Y *8667. From cetyl 
iodide, iodobenzcnc, and Na. SI. sol. cold al- 
cohol, V. ^1. ether, benzene, CS. and chloro- 
form (Krafft a. Gottig, B. 19, 2083 ; 21, 3180), 
Gives a nitfo- derivative [36°J which reduces to 
, [53^] (255° at 14 mm.) whence 
C„H„.C,H4 .NHAc. [104°]. 

HEXADECYL-CRESOL CaH^.CJLMe.OH; 
[62»]. (268°). Formed fromp-hexadccyl-toluene 
Bulplionic acid by potash-fusion at 150°. Crystals 
(from alcohol). 

Ethyl ether CaH„.C,H,M<^OEt. [26-5^. 
From hexadecyl-cresol, ethyl iodide, and alcoholic 
KOH IKrafft a. Gottig, B. 21, 3180). 

HEXADECYLENE v. Cktene. 

HEXABECYLENE BROMIDE u. Di-bromo- 
uexadecanb. 

HEXADEOYL-MESITYLENE 


un8taWeC,3H,,HCl. 7. Terpens , c,H.Ivre3[G:5:3:l]. [c. 40 °J. ( 258 ° at 15 mm.). 

n-HEXADECANE C,(,H,,. Hecdecane. Di- ; 
octyl [14°] (E.) ; [18°] (K.) ; [20°] (L.); . 

(Z.). (150° at 10 mm, ; 209° at 100 mra. ; 2i 


at 760' mm.) ; (278°) (Z, ; S.) ; (168° at 15 mm.) 
(K.). S.G. Y *774; -719. Odourless solid. 

Formed by reduction of palmitic acid with P and 
HI (Krafit, B. 16, 1701 ; 16, 1722 ; 19, 2218). 
Also fromn-octyl iodide and sodium (Lachovitch, 
A. 220, 180; cf. Zincke, A. 152, 15; Krafft, B. 
19, 2222); and by heating Hg(C(,Hj,)j at 200° 
(Eichler, B. 12, 1882). Probably the same hydro- 
carbon [20°], (278°), V.D. 7-9, isfornftd by digest- 
ing an alcoholic solution of cetyl iodide with 
zinc and fuming HCl for a week (Sorabji, C. J. 
47, 37). Pearly plates, sol. hot alcohol and ether. 

Hexadecane CoHn.CHMc.CHMe.CgH,,. Di- 
iso-ocm. (263°-265°) (L.) ; (209° cor.) (A.). 
S.G. ^ -800 (L.) ; | -802 (A.). V.D. 114-8 (for 
113), From secondary octyl bromido (or iodide) 
andr sodium. Liquid smelling of freshly extin- 
guished tallow candles (Lachovitch, A. 220, 187 ; 
c/. Alechin. Bl [2] 40. 186). 

Hexadecano C„H34. Cdyl hijdride. Cetane, 
(280°). V.D. 8-08 (calc. 7*96). Obtained from 
American petroleum by fractional distiyation 
(Pelouze a. Cahours, C. B.. 67, 62). Probably 
identical with n-hej*adecano. 

i?6/<3r^nCC.—Dl-BB0M0-HEXADECANE. ^ 

HEXADECOIC ACID HC(C^,j)3CO,H. Dl 
n-heptyUacetic acid. [26°]. ^40°-250°) at 

80-90 mm. Obtained by decomposing its ether 
with concentrated alkalis. Crystalline. Insol. 
water, sol. alcohol or ether. 

Salts.— The salts of the alkalis are soapy 
and V. sol. water oY^aloohol^ The salts of theJ 
alkaline earths and heavy metals have a great 
tendency, to form basic salts. — BaA'^: slender 
needles (from alcohol); insol. water, GuA,: 
blni^ -green crystalline pp. [237°]. 

Ethyl ether EtA\ (0. 810°). Fromheptyl- 


From bromo-mesityleno, cetyl iodide, and sodium 
(Krafft a. Guttig, B. 21, 3180). 

HEXAD ECYL-PHENOL C,gn33.C3H,.OH. 
[77-5°]. (261° at 15 mm.), ^rom bexadccyl- 
benzene by sulphonating and ftsing the result- 
ing sulphonic acid with KOH (Krafft, J5. 19, 
2683 ; 21, 3180). 

Ethyl derivative CigHsj.CeH^OEt. [43°]. 
Plates; gives on oxidation [4:l]C3H4(0Et)(C02H). 

o-HEXADECYL-TOLUENE 
C,«H„.C«H4Me[l:2]. [9°]. (239° at 16 mm.). 

S.G. -8676 ; From o-bro)no-toluene, 

cetyl iodide, and sodii^ (Krafft a. Gottig, B. 21, 
3181]. • 

m-Hexadecyl-toluene C,„Hj ,.C,H4Me[l:8]. 
[12°J. (237° at 15 mm.). iTom /n-bromo-tolu- 
ene, cetyl iodide, and Na (K. a. QA. • 

p-Hexadecyl-toluene C,gH8,C„H ,Me[l:4]. 
[27-5°]. (240° at 15 mm.). Converted by HNO, 
(S.G. 1-2) at 125° into p-toluio acid. Fuming 
H2SO4 sulphonatos it. • 1 

HEXAJOECYL-7/i-XYLiNE 
C8H,3.C,H3Me2[4:3:l]. [33-6°]. (260°). Froir 

bromo-w-xylene, cetyl iodide, and sodium. Crys- 
tallises from etner-aloohol (Krafft a. GOttig, B 
21, 3180). , 

HEXA-IC08ANE O^H* . [44°]. A soft wax; 
substance found among the products of the dis 
tillation of oerotic acicF(Nafzgen A. 221, 9^B), 
HEXAJflsr deca-caeboxAic ETHKB t 

Hexanb deca-oabboxylio acid. • 

HEXAMIDINE CeHj^N, U. ^ 

Pr.CHj.CH2.C(J4H2):NH. Capronamictm 
Heated with acetic anhydride andsodkim acc 
tate it yields the nitrile 01 hexoic (oaproio) aoi( 
Salts.— B'HCl : larg» plates [107°], v. so 
alcohol. -B'^H^CljPtOl. : yellowish-red plate 
[199°], sol. hot, sl. sol. cold, water (Pinner, j 
17, 175), ^ 
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HHCAHIBOXIM C,H„.C(NOH)NH,. C«- 

vmmidoxim. I^^tylacetamidMnm. 

Formed by direct combination of hexofitnle 
(eapronitrile) with hydroxylamine. Glistening 
white silvery tables. V. sol. alcohol, ether, Ac., 
si. sol. water. Dissolves in aqueous acids and 
alkalis. — B'HOl : [116°] ; white needles, v. sol. 
water and alcohol, si. sol. ether. 

Ethyl ether OjH„C{NHa)N6]Et ; [65°]; 
very hygroscopic, long white needles; v. sol. 
alcohol, ether, Ac., si. sol. water. 

Acetyl derivative OjH„.C(NHa)NOAo: 
[87°] ; very fine silky white scales ; v. sol. alco- 
hol and ether, nearly insol. water. • 

Benzoyl derivative 05 H,i 0 (N'H 2 )N 0 Bz : 
[106°]; felted white needles ; sol. alcohol, ether, 
and benzene, insol. water. 

Sexoyl derivative ( 

O^Hii.CmH^NOCOOsH,,: [115°]; sUvery scales; 
V. sol. alcohol, ether and benzene, si. sol. water. 

Carbonyl derivative 
(CsH„.C(NH 2 )NO),CO : [114°]; felted silky 

needles ; v. sol. alcohol and chloroform, nearly 
insol. water and benzene. Formed by the ac- 
tion of carbonyl chloride upon hexamidoxim 
(Jacoby, B. 19, 1500). 
tc-HEXANE i.e. 

CH,.CHa.CH 2 .CH 2 .CIl 2 .CK 3 . Di-n^propyl Hexyl 
hydride. Methyl - pentane. Methyl - amyl. 
EthyUhutane. Ethyl-butyl. Mol. w. 86. (68’7°) 
at 751 mm. (Scliiff, A. ‘J20, 88) ; (69*0° i.V.) 
(Zander, A. 214, 165); (68-6°) at 744 mm. 
(Briihl, A. 200, 184) ; (09°) (Perkin, C. J. 45, 446). 
VJ). 8-06 (calc. 2i09) (Schiff). S.G. § *6753 (Z.); 
V *6603 (B.) ; 1^ *668 (S.) ; -6739 ; U •GG02 

(P.). M.M. 6'670 at 11° (P.). S.V. 139*7 (Schill); 
140 (Z.); 138*7 (Ramsay), 1*3799. Roo ^7*59 
(B.). Critical temperature 250*3° (Pawlewsky, B. 
16, 2634). Occurs in Pennsylvanian petroleum, in 
the light oils from coal tar (^Schorlemmer, T. 162, 
111), and in Galician petroleum (Lacbovitch, A. 
220, 192). Is the chief constituent of so-called 
* petroleum ether ’ or ‘ ligrbm.’ 

Formatiotu—l. Byjreduoing with zinc and 
dilute HCl the sec-hexyl iodide derived from 
mannite ; the prodtict being freed from hexylene 
by treatment with bromine (Schorlemmer ; c/. 
Brlenmeyer, E. 1863, 274).— 2. By heating 
Vk-propyl iodide dissolved in ether with sodium 
At 146° (Schorlemmer, A. 161, 277). — 3. By dis- 
tilling suberic acid with lime or baryta (Dale, 
0. J. 17, 258 ; cf. Rio]M, A. 113, 106).-^4. Among 
lihe products obtained by distilling tri-olein under 
ipressure (Engler, jB. 22, 596). 

Properfies.— Oil, with fauffc characteristic 
•odour, nn^e petroleum^ 

BeacUons.—l. Onopassing through a red-hot 
tube the following products were*- obtained: 
.ethy48ne^, propylene, butinene O^Hg, amylene, 
h,exylene, benzeiue, and gases not absorbed by 
Ippn minft . Decomposition begins at 600° to 700°, 
bOskhenzene is not formed except at a high tem- 
perature (Norton a. Andrews, Am. 8, 1). 2. 
Chlorination gives 0H,.0H2.C^e^0^0Hj01 
and CHr.0BLCHyCH2 0H01,0Et (Schorlemmer, 
A. 199, 189; cf. Morgan, C. J. 28, 801).— 3. 
Bromine vapour passdd through bo^g hexane 
forms only secondary hexyl bromide (Schor- 
lemmer, T. 1878, 1 ; A. 188, 260). Bromine at 
A26° forms crystalline C^H^Brj,and also PaH,Br, 


and CgEgBr,; at 185® it forms C^Br,, which, at 
a higher temperature, is resolved into bromine 
and hexa-bromo-benzene (Wahl, B. 10, 402, 

^^^^L-hoxans i.e. Pr.Br. Isohexane 

Propyl-isopropyl. Etkyl-isohityl. Methyl-iso- 

*6633 ; g *6634 (P.). M.M. 6*769 at 17° (P-V 
V.D. 3*06 (calc. 2*98). Prepared by decomposing 
isobutyliomde (40 g.) with EtI (34 g.) and sodium 
(llg.) (Wurtz^ A. Ch. [3] 44, 275). Occurs in 
Galician fmd in American petroleum (Warren ; 
Laohoyiten, A. 220, 192). By passing through 
a red-hot tube it is decomposed into ethylene, 
propylene, butylene, amylene , hexylene, butinene, ' 
and some paraffins (Ngrtgn a. Andrews, Avi- 8, 

1 ). 

Sec-hexane OsHi^ i.% Pr.Pr. Di-isopropyl. 
Isohexane. (68*0°) (Zander, A. 214, 167). S.G. 

*6829 (Z.) *, *668 (Perkin, C. J. 46, 447). M.M. 
6*784 at 16° (P.). S.V. 136*6 (Z.). Formed by 
the action of sodium on an ethereal solution of 
isopropyl icdide (Schorlemmer, A. 144, 184). 
Formed also by the action of HI on pinacono 
CMe,(OH).CMo,(OH) (Boucliardat, C.^ R. 74, 
809). Accordirjjg to Berthelot {Bl. 9, 268) this 
lie.Kane is ako obtained by heating di allyl with 
III. Riche {A. Ch. [5] 9, 43*2) obtained it by 
distilling barium n-heptoate at a red heat. It 
also occurs among the products obtained by dis- 
tilling whale oil under pressure (Engler, B. 22, 
69o). It is an oil, with faint odour. Chromic 
acid oxidises it to CO.^ and acetic acid. 

Sec-hexane i.e. CIIj.CHEt^. Methyl- 
di-ethyl-methane. (64°). S.G. *6765. One 
of the products of the reduction of 
CHj.CHI.CHMeEt with zinc and glacial acetic 
acid CH,.C(OH)Et 2 and CHgCH.CHMeEt being 
also formed (Wislicenus, A. 219, 316). The same 
hydrocarbon, (60°), was said by Le Bel [Bl. [2] 
25, 546) to bi formed, together with ethane and 
decane, by the action of *bodium on a mixture of 
Mel and optically active amyl iodide; Ju.,t (A. 
2*20, 150) failed, however, to obtain it by this 
method. 

Tert-hoKAue OaH^ i.e. CMejEt. Tri-mcthyl- 
ethyl-methane. (43°-48°). From fert-butyl 
iodide and ZnEt, (Goriainoff, A. 166, 107). 

Beforences. — Di-bromo- and Di-chloro- 

H2XANE. 

HEXANE CARBOXYLIC ACID v. Hkpioic 

ACID. 

Hexan? di-oarboxylic acid v. Di-etuyl-suo- 
ciKic, Tbtra-mbthyl-suooinio, Amyl-malonio, 
Suberic, and Di-aldanio acids. 

Hexane tri-oarboxylio acid 
OHEt(CO,H).CEt(CO,H)j. [150°]. Ethyl-hu- 
tervgl tri-carbox^ aind. Formed by saponify, 
ing the ether (3 mol.) with KOHAq (9 mols.) to 
which a little alcohol has been added (Hjelt, B. 
21, 2089). Crystalline solid, v. sol. water. At 
150°-160° it is split up into 00, and di-ethyl- 
gUQcinio acid. 

Ethyl ether Et,A'"U186° at 86 mm.)} 
(281<>Bt760imn.)' 

' Formation,— 1. By the action of.o-bromo- 
butyric ether on sodiam ethyl-malonio ether 
(gjelt, B. 21, 2089; cf. Hjelt, B. 20, 8078).— 
2. Sodium (11*6 g.) is dissolved 


alcohol 
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200 c.c.) find butane tri-carboxylio ether { its salts easily give op part of their acid when 

3 H(C 03 Et) 2 . 0 HEt(C 0 ,Et) (137 g.) is added to- ' 

[ether with EtI (80 g.). The reaction is com- 
dete after heating at 100® for 4 hours (Bisohoff, 

5. 21, 2092). 

Properties. — Oil, which distils with partial 
lecomposition. By boiling with HnSO^ it is 
japonihed, COj being given off, and two isomeric 


evaporated. Sublimes in the cold., Eeadily 
polymerised by heating or ex||osing to the air. 
Not aff|pted by reducing agents. 

Reactions. — 1 . Potash-fusion forms ficetio 
and n-butyrio acid (Petrieff, B. 6 , 1098).— 2. 
Bffir forms CjH^BrOj [25°] which when boiled 
with water or alkalis gives amylene and oxy- 


ii-ethyl-BUCcinic acids firmed, one being v. sol. i;hexoio acid [48®-62°] (Pittig a. Howe).— 3. Bro- 
ether, the other si. sol. other. t mim forms tJjHioBrjOj [80-5°].— 4. Chromic 

First nitrile COjEt.CCyEt.OHEt.CO^Et. i acid mixtu/re forms COj and acetic acid (Chap> 


man a. Smith, P. M. [4] 36, 290).— 6. KMn 6 « 
added to a very dilute solution of the K salt forma 
CH,.CH{OH).CEt(OH).C02H [96®] (Fittig, B. 21 , 
919). 

Salts. CuA'ai greenish-blue - pp. — 
Cu(OH)A' : formed from the preceding by heat- 
ing with alcohol. — PbA'j aq : crystalline pp., si. 
sol. water. — AgA' : scales (from hot water). 

Ethyl ether EtA'. (165°). S.G. la *920. 
Mobile oil, smelling of peppermint and of fungi 
(F. a? D.). Saponified by boiling alcoholic KOH. 

Hexenoic acid CgHj.Oj i.e. 
CHjEt.CHrCH.COjH (?). y-Ethyl-er atonic acid, 
(c. 126° at 26 mm.). From tri-methyl-leuoine 
Pr.CHj.CH(NMe 30 H).C 03 H by heating at 125® 
(Kdmeraa. Monozzi, O. 13, 364). Liquid. Com- 
bines with HBr. Its Cd salts form long pmms. 

Hexenoic acid CuHioO, i.e. Et.CHiCMe.COjH. 
$-Ethyl-methacrylic acid. [24°]. (213° cor.). 

S.G. 14 *9812. \)ne of the products of the oxida- 
tion of the corresponding aldehyde (methyl- 
ethyl-acrolein) (Lieben a. Zeisel, M. 4, 70 ; Solo- 
nina, J. B, 1887, 302). Monoolinio prisms; 
a: 6 :c = 1*41:1: *386; ^ = 104° 38'^ Volatile with 
steam ; si. sol. water, v. e. sol. ethw and benzene. 
Combines with bromine, forming m-bromo-hexoio 
acid. Eeduced by zinc and HBr (or HI) to 
methyl-propyl-acotic (hexoio) acid. Its soluble 
salts give white pps. with salts of Zn, Ag, and 
Pb, a blue pp. with CuSO^, and an oily pp. with 
FeCla.— CaA'adaq : prisms or silky needles. — 
AgA' : sparingly soluble needles or leaflets. 

Hexenoic acid CgHjoC, i.e. 
(CH,)*C:CH.CH,.CO,H& 

CH,:CMe.OHo.CH2.CO.>H. . Pyroterebw cund. 
Formed, together with teraoonio acid and the 
lactone of oxy-isohoxoic acid, bj the dry distilla- 
tion of terebio acid (Chautard, J.Ph. [3] 2^ 192; 
[.Williams, B. 6 , 1095 ; Mielck, A, *180, 62). M 
the process be conducted slowly the lactone is 
the chief product, if rapidly, pyroterebio acid is 
mainly produced. The distillate ie heated with 
baryta- water, and COj is pas^d in until the ppd. 
BaCO, is rcdissolved ; the lactone is then ex- 
tracted with ether, and on evaporating the resi- 
due barium teraebnate o^stallises out. The 
mother-liquor is treated ^th H 2 SO 4 , and pyro- 
fArAhi<» acid distilled over with steam, and pun* 
I “ its Ca salt The yield U about 


(280°--286®). A product of the action of alco- 
holic KCy on a-bromo-butyric ether (Zelinsky a. 
Britschinin, B. 21, 3398). Oil. 

Hexane tri-carboxyllo acid CaH„^CO»H),. 
Subero'carboxylic acid. S. 36*6<at 14°. Fomed 
•by boiling ohloro-suberio acid with KCy and de- 
composing the resulting.cvano-suberic acid with 
KOH (Gr 6 ger, M. I, 510; Bauer, M.4, 341).— 
Pb 3 A '"2 (at 100°).— FeA"' » brown pp.— Ag,A'". 

Hexane tetra-carboxylio acid. Ethyl 
ether CBk(C 02 Et) 2 .CEt(C 02 Et) 2 . Di-ethyl- 
acetylene-tetra-carboxylic ether. (199°atllmm.). 
S.G. 41 1*043. Formed from chloro-ethyl-rnalonic 
ether and sodium ethyl-malonio ether*(Bisohoff, 

B. 21, 208.^. Oil. On saponification it f^ields 
di-cthyl-sifccinic acid [188°]. 

Hexane deca-carboxylic acid Ethyl ether 

C, H 4 (C 02 Et),„ i.e. * • 

CH.,(C 02 Et).C(C 02 Et) 2 .C(C 02 Et)j 

I . So-called 

0 H 2 (CO 2 Et).C(CO,Et) 2 .C(CO 2 Et). 

‘ hexain ’ decacar'boxylic ether. A thick oil, ob- 
tained by treating • 

CH 2 (CO 2 Et). 0 (CO.Et) 2 .C(CO 2 Et). 2 Cl with 
CH.,(C 02 Et), 0 (C 0 ,Et) ..C(C 02 Et) 2 Na (Bischoff, B. 
21,2116). 

HEXANE SIJLPHONIC ACID 

Formed by oxidising hexyl mercaptan (from 
petroleum hexane) (Pelouze a. Cahours, A. 127, 
192). Syrup.— BaA '2 (at 100°): scales. 

HEXECONTANE CaoHiK* [ 102 °]. Obtained 
by heating (10 pts. of) myrioyl iodide [70*5°] 
with potassium (1 pt.) at 1 ^ 6 °, the product being 
boiled successively with water, alcohol, petro- 
leum-e^er, and,glacial acetic acid, and finally 
crystallised from benzene (Hell a. Hagelo, B. 
22 , 602). V. si. sol. hot alcohol and ether, si. 
sol. petroTeum-ether and HOAo, m, sol. chloro- 
form and benzene. Partially decompe^ed by 
distillation. On distilling under reduced pressure 
therms formed a paraffin-like mass, v. sol. petro- 
leum-ether, which extracts a hydrocarbon [70°]. 

HEXENOIC ACID C^HjoOa i.e. 
CHj.CH-.CEt.OOjH. a-Ethyl-crotmic ac^. Mol. 
W.114. [41°]. (209°). , 

Formation.— 1. From oxalic ether by treat- 
ment with ZnEtj and decomposition of the ro- 
' suiting CO 2 Et.OEt 2 .OH with PClg. By this 

° .1 y aiiVtaa/iiiAnflKT 

means 


Pffl ind'deoLwsiM the distillate with water but further addition of water causes separatiot 
-7 Brautniiug oxyhexoio aoi« into two layer 3 .*he upper one bemg tto a«d 
OT OT(()H).OHEt CO:b (wS 4 sohmidt.d.t 88 , ; by boding for soi* tim. 

^"‘prouerKes -Large four-sided prisms (afterl Concerted by prolonged 

fnsimV^d^l watM, t. e. Bol.*^alooliol' and , ing at its boiUng-pomt ^ the isomene laoton. 
'ite a^li>rsSuUin redd- ' -r"— -i-ohexoio .acid. The same change ooour 
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when HBr is passed into the acid, probably 
through intermediate formation of the acid 
(0Hg)j.0Br.CH;,.C]^.CO3H.— 2. Bromine forms a 
^-bromo-isohexoio acid. 

Salt B. — CaA'j 3aq : glistening prisms. —Ag A' : 
leaf-like crystals, si. sol. water. 

Hexenoio acid OgHigOo. Formed by oxidising 
hexenyl alcohol with chromic acid mixture (Dest- 
rem, A, Gh. [5J 27, 72). Liquid, volatile with 
steam. Split up by potash-fusion iftto acetic and 
butyric acids. Its salts are amorphous. Pro- 
bably identical with the preceding acid. 

Hexenoio acid C„H,oOj i.e. 
CH2:CMe.Cn,,.CH,.CO.,H or 
(CH,),C:CH.CHj.OOgH‘ (203® uncor.). Formed 
from the lactone of 7-oxy-isohexoio acid by boil- 
ing with alcohol and NaOEt for 12 hours (H. 
Erdmann, A. 228, 183). Colourless liquid with 
pungent odour and acid taste. V/hen boiled for 
a long time it partially changes to the isomeric 
lactone of y-oxy-isohexoic acid. — CaA'jaq. — 
CaA'2 3aq : triractric crystals.— AgA'. 

Hexenoio acid CgHioOj i.e. Pr.CH:CH.COoH(?). 
Isopyroterebic acid. Formed, together with iso- { 
sorbic acid, by the action of COj on crude C^HjNa, 
possibly through presence of CsH^Na as an im- 
purity (Lagennarck a. Eltekoff, Bl. [2] 33, 159 ; 
J. R. 11, 125). Liquid, si. sol. water; heavier 
than water. Slightly volatile with steam. Com- 
bines with HBr. Bromine forms C^HioBr^Oj. 
[99°]. The silver salt dissolves in water. 

Hexenoio acid C.H^O. i.e. Pr.CH;CH.CO,H(?). 
Hydrosorhic acid. (205° cor.) ; (208° i.V.) 
(Fittig, A. 200, 42). S.G. 12 *969. Formed by 
reducing 8orbic^ acid with sodium-amalgam 
(Fittig a. Barringer, B. 9, 1198 ; A. 161, 309). 
Liquid ; on prolonged boiling it is decomposed, 
the boiling-point being raised. Combines with 
bromine. Combines with fuming HBrAq readily 
in the cold, forming liquid bromo-hexoic acid 
(Stahl, B. 9, 120). Potash-fusion gives acetic 
and n-butyrio acid. On warming with Il.SO^ it 
changes to the lactone of oxy-hexoio acid. Its 
rate of etherification has been studied by Mcn- 
sohutkin (B. 13, 163),— (jIaA', aq [0. 125°]. S. (of 
OaA'.J 6-2 at 16°. Needles, more sol. cold than 
* hot water.— BaA'o. [above 265°]. Needles. — 
CuA'2 : green pp. ^ [185°-190°].— AgA' : pp. SI. 
sol. cold water. 

Ethyl efher EtA'. [167°]. 

Hexenoio acid CgHigOo. Isohydrosorbic acid. ! 
F— 10°]. (209° i.V.). Formed, together with the 
lactone of oxy*hexoio acid, by boiling bromo-’ 
hexoio acid (the hpLobromide of .hydrosorbio 
acid) with water (Hjelt, B. 15, 618 ; cf. Lands- 
berg, A. 200, 51). Combines with lIBr, forming 
theparent bromo-hexoic acid. — CaA'^aq : laminas ; 
more sol. hot than cold water. 

Hexenoio acid VJaHjoOj. Hexylenic acid. 
{39°]. From tri-ohloro-hexoic acid, zinc, and 
HOlAq (Pinner, B. 10, 1054). Long flat needles 

J from ether), hr lozenge-shaped plates (from 
igroln) ; nearly insol. water, v. sol. alcohol. Does 
Snv sumime in the cold. 

Hexenoio acid O^H,oOa. (208°). Occurs in 
small quantity in croton oil (Scbiflidt a. Berendes, 
4.191,121). 

References. — Bromo- and Ghloro-hexrnoic 

^***h‘kXJ5NOIC aldehyde G,H„0 i.e. 

Et.GH:CMe.GHO. MethyUthyl^acroUin. (137° 


j cor.). S.G. § *86. Formed by heating pro ionic 
aldehyde at 100° with an equal volume 01 a .n>- 
lution of NaOAc (containing 21 p.c. NaOAo) ; ou 
fractionally distilling the product the chief por- 
tion passes over at 136°--140° (Lieben a. Zeisel, 
M. 4, 16). Colourless liquid, with penetrating 
odour, insol. water. Gradually turns yellow on 
exposure to air. It forms a crystalline com- 
pound with NaHSOg. “ 

Reactions. — 1. HOI forms unstable C^HiiClO. 
2. Bromine forms CgH,oBr,jO, a heavy oil which 
forma crystalline CrtH,oBr2(OH)SOaNa 3aq.— 
8. Iron filings and HO Ac reduce it to a mixture 
of a hexyl alcohol PrCHMe.CH^OH, the corre- 
sponding aldehyde, and an alcohol CgHijO, 
which is readily converted into tri-oxy-hexane 
Et.tlH(OH).C]VIe(OH).CH20H. — 4. Oxidation ° 
with chromic acid miHiire, free oxygen, or moist 
silver oxide gives carbonic, formic, acetic, pro- 
pionic, hexenoio (ethyFmethacrylic), anddi-oxy- 
hexoic acids, together with methyl propyl ke- 
tone. — 5. Ammonia unites with it,'* forming a 
solid product (?C,8HmN4or OjjHjjNa), which is 
converted at 140° into parvoline 0„H,sN, a 
homologud of pyridine (Waage, M. 4, 725). By 
heatid^the compound of hexenoio ald^yde with 
NH3 to 200° there is formed picolinei/parvoline 
(196°), a base p,iH,,N (233°), and a base C,2H,j,N, 
which is a. mobile liquid, with pale-blue fluor- 
escence. The parvoline gives, on oxidation, 
pyridine (ai3)-di-carboxylic acid (Hoppe, M. 9, 
634).— 6. Heated with aqueous SO* for 4 hours 
at 80° there is formed, after neutralising with 
BaCO), a salt 0i,H,2O(SO,).^a 2aq, which is split 
up by heating with baryta-water into barium 
sulphite and hexenoio aldehyde. If the contents 
I of ^0 tube are boiled with water before neutral- 
j ising there is obtained amorphous CuHi.dSOJ.Ba. 

I 7. If the aldehyde be left in contact with 
aqueous SOj for some days and the product be 
saturated with BaCOj and-oxidised with bromine 
water, there is formed a salt of sulpho-hexoio 
I acid : OaHj^SO^Ba crystallising in hexagonal 
plates (Ludwig, M. 9, 658). 

Hexenoio aldehyde CeH,oO,. (135°, 138°). 
Formed, together with allyl chlowde and di-allyl- 
oxide by heating allyl alcohol with. dilute (10 
p c.) HOlAq at 100° for 20 hours (Solonina, J. R. 
1887, 302). Oil. Absorbs oxygen eagerly from 
•the air„.producing hexenoio (ethyl-methacrylio 
acid). Forms an oxim [49°] (194°). Probably 
identical with the preceding aldehyde. 

HEXENYL ALCOHOL C„H„0 i.e. 
CHjrCH.CHj.CMepH. Di-methyl-allyl-carbinol. 
(120° cor.). S.G. -8438; -8307. 49-84 

(Kanonnikoff). H.0. 914,000 (Louguinine, A. Gh* 
fo] 23, 385). 

PreparaHon.—Bj slowly pouring a mixture 
I of acetone and allyl iodide on granulated zinc at 
O'MM. a. A. Saytzeff, A. 185, 151, 175). The 
product is mixed with water and distilled. In 
the preparation of this body from allyl iodide, 
zinc, and acetone, a by-product of the formula 
CjHjgO (0. 176°) occurs if the allyl iodide con- 
tains isopropyl iodide. Its specific refractive 
p&wer, B 00 = 72*27, inditing a double union ol 
carbon atoms. El combines with bromine form- 
ing C,H„Br,0. With PCI., it forms 0„H„C1 
which .bolls about 180°, with partial deoompo 
sition. The same body is also formed by the 
action of isopropyl iodide and zinc on the pun 
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hexenyl alcohol (W. Die!!, J. pr. [2] 27, 364). A 
mixture of acetone (76g.),allyl iodide (206g.), 
and isobutyl iodide (230 g.), is converted by zinc 
into di-methyl-allyl-carbinol, but a small quan- 
tity (2g.) of an alcohol C,oHa,0 (o. 195^") is 
formed. These bodies appear to be di-methyl- 
allyl carbinol, in which an atom of hydrogen is 
displaced by isopropyl And by isobutyl respec- 
tively (E. Schatzky, J. §r. [2] 3(?, 216). The al- ‘ 
cohol CgHjgO is converted by Na and Mel into a 
methyl ether CMe^(OMe).OoH,i (169®-172‘^ un- 
oor.), Rof. 77‘01, S.G. •8027, which is oxidised 
by KMnO^ to acetic, isobutyric, • oxalic, and 
methoxy-valeric acids (Kononovitch, iT. pr, [2J 
30, 399). 

Properties.-— Inqnid, smciling like camphor ; 
si. sol. water, with which it forms a hydrate 
CgH„0 aq (117°). * • ... 

Reactions.— l.*Chromic acid mixture oxidises 
it to formic acid, jS-oxy-i^ovalcrio acid, and ace- 
tone. KMnO, acts in like manner (Schirokoff, 
J. pr. [2] 2o, 205). — 2. Bromine forms CgH,.^13r ,0. 
3. HOCl, followed by displacement of Cl by OH, 
gives tri-oxy-hexane (hexyl-glycerin) ^Reforraat- 
fiky, J. pr. [2] 31, 318). — 4. By heating the al- 
cohol (1 ^ol.) with HBO4 (2 vols.) and water 
(1 vol.) for 3 days at 100°, and distilling the oily 
product, two hydrocarbons are got, viz. CgH,,, 
boiling below 100°, and CijH .g boilmg at 180°- 
200°. The latter is purified by shaking with PgO , 
and redistilling, and exhibits the following pro- 
perties; (194°-199°). V.D. 80-3 (H = l). S.G. 

*853; *839. C.E. (0°-21°) *00082. R^ 

89*84. It combines readily with bromine. With 
fuming HCl it appears to form a compound 
CjjHjo.HCl. It is oxidised by chromic mixture 
to acetone, acetic acid, propionic acid and a fixed 
acid with the formula C,oH,(,Og or C,gH,,Oa (W. 
Nikolsky a. A. Saytzeff, J. pr. [2] 27, 380). Its 
specific rotation is 5*22 more than that calculated 
from Briihl’s numbers. This would indicate 
three C;C groups (Albitzky, J. pr. [J] 30, 214). 
The hydrocarbon CgH,o is formed by removal of 
H,0 from the alcohol, so*that it is either 

pfT 

(CH,),t;CH.CHiCH, or 

The hydrocarbon is a polyraerido of this. 

Aceiyl derivative CgU,iOAc. (138° cor.). 
S.G. S -9007 ; *8832. ^ 

condary hexenyl alcohol 
CH2;OH.CH2 .CHj.CH(OH).CH3 . Di-alhjlhydrate. 
Allyl-isopropyl alcohol. (139°). S.G. *842 
(Crow) ; 2 *861 (Wurtz). 

Preparation.— 1. Allyl-acetone (l,vol.) is 
mixed with ether (1 vol.), and put into a flask 
containing water (2 vols.). Small pieces of so- 
dium are thrown into the flask, which is cooled 
meanwhile by standin’g in water. The ethereal 
solution is poured off, dried over HjCO.,, and dfe- 
tilled (J. K. Crow, C. J. 33, 63 ; cf. Kablukoff, 
J. B. 1887, 613).— 2. From hydiftodide of di- 
allyl and Ag,0 (Wurtz, .4. Ch. [4] 3, 172). 

Properties. — SI. sol. water, v. sol. alcohol and 
ether. Sweet taste, but rather pungent odour. 
Combines violently wi^ bromine. Gives acetic 
acid on oxidation (Sorokin, J. fw. [2] 23, 20). 

Acetate OA-CHn.CH(OAc)CH3. (148°> 
(Crow) ; (168° oor.) (Markownikofl, J. P. 13, 856). 
Formed irom the alcohol by heating with AOjO 
in a flask with inverted condenser. Formed 
Vol. II. 


also from di-allyl di-hydro-iodide and AgOAo* 
Liquid with pleasant refreshing odour. 

Dibromide | 

CH2B»CHBr.CH2.CH,.CH(0H)0H,. Formed by 
adding bromine to a solution of the alcohol in 
CHClj. The chloroform is then distilled off in 
vacuo. It cannot be distilled. KjCOj converts 
it into an oil, CaH,,Br(On),/, volatile with steam. 

Hexenyl alcohol C„H,.,0 i.e. 
CH3.CH:Cn.CMe2.0H. (il0°-115°). From the 
chloride of crotonic acid and ZnMoj (Pawlow- 
sky, B. 6, 331). 

^exenyl alcohol CgHj^O i.e. 
CI[3.CH^.Cn:CMe.CH,,OII. One of the products 
of the action of iron filings and HO Ac on hexe- 
noio aldeh3Ale (methyl ethyl-acrolein). Forms a 
bromide Cgj^j.JBr./), which is converted by distil- 
lation with water into a tri-oxy-hexane (Liebeu 
a. Zeisel, M. 4? 28). 

Hexenyl alcohol C^H.^O. (137°). S.G. M 

•89L S. 10 at 10°. Formed by distilling calcium 
glycerin CaOJigO, (Destrem, A. Ch. [6] 27, 68). 

I Liquid, smelling like peppermint and allyl alco- 
1 hoi. Not reduced by sodium-amalgam. Na 
and K form gelatinous CaH,,ONa and CgHjiOK. 

' Chromic acid oxidises it to pyroterebic acid. 

' Bromiife forms C,H,.Br,0 (252°-266°) ; S.%. 
i 1-99. PCI. gives C;h„C 1 (71°). HBr forms 
; C,.H„Br (100^) ; S.G. i? 1*35. Chlorine forms 
' C„H, ,C1.,0 (206»°-210°) ; S.G. 1-4. PI, forms 
C„H„I (131°) ; S.G. 12 1*92, whence K^S forms 
(C,Il„)3S (169°). 

Acetyl derivative CgHiiOAc. (146°). 

Benzoyl derivative CaH,,OBz. [106°]. 
(276°-280°). YeUow prisms. • 

Reference . — Chloro-hexenyjpaloohol. 

HEXENYL CHLORIDE 0,H„C1. Ghloro- 
hexylene. (71°). From the corresponding 
alcohol (Destrem, A. Ch. [2] 27, 6). Light oil. 

Hexenyl chloride 

CH.,:CH.CHo.CH 2.0HC1.CH,. (130°-140°). 
Formed, together with di-chloro-nexane, by 
heating di-allyl (hexinene) with fuming HClAq 
(Wurtz). , 

Hexenyl chloride ajH„01. (122°). S.G. u 
•9036. V.D. 4 02. Formed»by the action of cone, 
alcoholic KOII on the di-chlmo-hexane, which 
is a by-product in the action of IIOCl on hexyl- 
ene from mannite (Henry, C. B. 97,* 260). 
H.SO, converts it into a ketone UgHijO (125°) ; 
S.G. -8343 ; V.D. 3*45. 

HEXENYL GLYCERIN v. Tbj-oxy-hexane. 

DI-HEXENYL OXIDE (G,H„),0. Diallyl 
oxide. (180*). A producl^oi the action of Ag,0 
on the mono- or di-hydroiodide of diallyl (Wurtz, 
A. Ch. [4j 3, 175)^ 

Di-hexenyl oxide (08H„)20. (117°). From 
hexenyl iodide and HgO. Also from CyH,jI and 
CaH„ONa (» Hkxenyl alcohol). Oil, heavier^ 
than water (Destrem, A»Ch. [6] 27, 58)4» • 

DI-HEXRNYL SULPHIDE ((5,H„)aS. (169°). 
From iodo-hexylene and K^S .(Destrem, A. Ch^ 
[5J 27, 58). Heavy oil, of nauseating odow. 
Gives a maroon-red colouration with H^SO*. 

HEXIC ACI» 0,H,oO, ? [126°]. Ah acid 
fbrmed from propyl-aceto-acetio ether by suc- 
cessive treatment with brqpine and alcoholic 
KOH (Deraarpay, C. B. 88, 126 } cf. Fittig, B, 
16, 1939; Pawlofl, B. 16, 486). Large pearly 
plates (from hot water). 
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Isohezio acid CjH,jOg T [124°]. Formed in 
like manner from isopropyl-aoeto-acetio ether. 
Prisms {from ethert 

HEXINENEO,H,*i.e.Pr.OHyOiO.H. Butyl- 
acetylene. (70°). Formed by the action of 
metallic sodium on methyl propyl acetylene at 
160°, and decomposition of the sodium com- 
pound with water (Faworsky, J. pr. [2] 37, 428). 
Gives pps. with ammoniacal copper and silver 
solutions. Yields on treating the sodium com- 
pound with CO2 a carboxylic acid. 

Hezinene MeaO.CiCH. (39°). Formed by 
the action of alcoholic potash at 140° .for 
12 hours on di-chloro-tetra-methyl-ethane 
(Faworsky, J. pr. [2] 37, 393). Forms pps. with 
ammoniacal cuprous and silver solutions. Is 
not altered by heating with alcoholioi potash to 
200 °. 

Hezinene CgH,, i.e. 

0Ha:CH.CHj.CH2.CH:CH2. This compound has 
been described as Di-allyl (q.v.). When headed 
with bromine it gives a crystalline mass [46°]. 
This is a mixture of two substances, [65°] and 
[66°], both having the formula CJI,oBr^. From 
this it appears that the di-allyl obtained by the 
action of Na on is a mixture of two isomeric 

bodies, probably CHjtCH.CK^.CHj.CHiCHj and 
CH,.CH;CH.CH:OH.CH, (dipropenyl) (Sabaneeff, 
Bl [2] 46, 182). When diallyl is diluted with 
(1 vol.) paraffin oil and treated -with H^SO^, 
ihe lower layer separated and distilled with 
water yields ‘hexylene oxide,’ a liquid CgHi^O, 
smelling like menthol (93°). Oxidation of this 
CyHijO gives IIOAc and CO2 ; sodium-amalgam 
has no action ^ HI at 100° gives 3-hexyl 
iodide (166°) (JekyU, Bl. [2] 15, 233). Another 
method of hydration is to add the diallyl drop 
by drop to well cooled H2SO4. The acid is 
diluted with ice, neutralised, and distilled, when 
hexylene oxide passes over at 92°-95°. Some 
of the salt of the undecomposed sulphuric acid 
remains behind in the flask. The Ba and Ca 
salts can be obtained in this way (B6hal, Bl. [2] 
48, 43). 

Hezinene (c. 8D°). S.G. ia -71. V.D. 

, 2-84 (calc. 2’79). Formed from petroleum 
hexane by bromipj.tion, followed by treatment 
of the resulting hexenyl bromide with alcoholic 
KOH a^c 166° (Caventou, C. B. 69, 449 ; Reboul 
a. Truchot, 0. B. 66, 73). Forms a liquid di- 
bromide and a crystalline tetrabromide. 

Hezinene CHj.CHj.CH^.CiC.CH, ? (80°-83°). 
S.G. § *7494 ; « *7377. Formed by the action 
of alcoholic KOH oh 'ihe hexenyl bromide de- 
rived from mannite vid di-bromo-hecane (Hecht, 
B. 11, 1050). Does not ppt. ammoniacal silver 
or cuprous solutions. Oxidised by chromic acid 
mixture to acetic n-bqt} ric acids. 

Hezinene (CH,)2C:CH.CH:CH2? (80°). From 
(0H,kCCl.CH2.CH;CHj and alcoholic KOH 
(M. ^ A Saytj^eff, A. 185, 167; Hexenyl 
jo/ionoh). 

Hezinene 0,H,„. (c. 80°). In coal tar 

(SiShorlemmer, A. 139, 260). Forms O^H^Br^ 

[112°]. a 

Heziaene O^o* (70°-73°). T.D. 2-97. Ob- 
tained, with other products, by passing the 
vapour of heptinene through an iron tube heated 
to incipient redness (^nard, C. B. 104, 674). 
Rapidl/absorbs ozygen. Does not ppt. ammo- 
niaoal AgHO, or Oa,OV Bromine forma on- 


stable, oily OaH,oBrj. Cone. H2S04 polymerises 
it, forming (210°-216°). 

Beferences. — i > i -' B ' ROMo - and Tbtra-chlobO' 

HEXINENE. 

HEXINENE OLTCOL v. Di-oxy-hexinbne. 
HEXINENE DIOXIDE C.H.oO, i.e. 
OH2.OH.OH2.OHj.CH.CH2 
.V V r* (182°). Formed 

• 0 * 0 ^ 
by acting with KOH on the dichlorhydrin pre- 
pared by treating diallyl with hypochlorous 
acid (Przybytek, Bl. [2] 43, 110). Colourless 
mobile liquid. Heated with water it forms 
C4 H,o{OH) sol. alcohol, water, insol. ether. 
Treated with HCl a dichlorhydrin is formed. 

i^EXINOIC A0ID,OeH8O,t.e. Pr.CtO.CO.OH. 
[27°]. (126°) at 20 mm. Formed by the action 
of COj on the sodium compound of propyl 
acetylene suspended in ether ^Faworsky, J. pr. 
[2] 37, 419). Feathery crystals. 81. sol. water, v. 
j sol. alcohol, ether, and petroleum ether. Deli- 
, quesces in the air. Decomposes on treating or 
keeping into COj and propyl-acetylene. Its 
j silver salt at once decomposes in the same way. 

I Salts.— (C6H702).2Ba 3aq. V. sol. water.— 
j A'^Ca. ^hin needles, v. sol. water. — A^gCu 2aq. 
I Blue plates, v. sol . water. 

I Hexinoic acid ObH^O^. [93°-96°]. From 
pyroterebic Acid, by successive treatment with 
bromine and alcoholic KOH (Mielck, A. 180, 56). 
Crystalline mass ; m. sol. water. Volatile with 
steam.— BaA'j : amorphous. 

^Hezinoic acid v. Sorbic acid. 

Hexinoic acid O^HgOj i.e. 
(CHs)2 .CH.C:O.C02H. Iso-sorbic add. From 
Pr.C:CNa and COj (Lagermark a. Eltekoff, J. B. 
11, 125). Liquid. Combines with HBr, forming 

C^HjoBrjOj. 

Hexinoic acid Pr.CiC.COjH. Isopropyl- 
acetylene carboxylic acid. [38°]. (107° at 

■£0 mm.). From di-methyl-allylene sodium, and 
j'COj (Favorsky, J. B. 1887, 663). Should be 
identical wifh the preceding. 

HEXINYL ALCOHfa. C«H„0 i.e. CgHgOH 
(140°). A by-product of the action of glycerin 
on zinc-dust (Claus, B. 18, 2931).° Forms C,HgI 
(133°). 

Acetyl derivative OgHgOAo. (12f°). 

, HEXINYL CHLORIDE GgHgOl. Chloro- 
diallyl. (150°). S.G. il* -9197. V.D. 4*16 (calc. 
4*02). A product of the action of PCI, il^[)on 
allyl-acetone (Henry, C. B. 87, 171). Oil; com- 
bines with bromine, forming oily OjHgClBr,. 
Alcoholic KOH at 100° forms hezonene (di- 
nllylene). This hexinyl chloride is perhaps a 
mixture of the chloride 0,H,.0H3.C01:0H2 with 
0,H,.0H:001.CH,. 

Hexinyl chloride CftOl- (130°). From 
medtyl oxide, by treatment with PCI, and ^s- 
tillation of the resulting 0,H„C1^ with lime 
(Baeyer, A. 140, 298). 

HEXITAICALIC ACID v. 0 zt-heptyl-8 U0< 
enno ACID. 

ft-HEXOIG ACID OgHjjOj i.e. 
Ci[-OHj.CHj.OH».OH2.CO^ n-Oaproic add. 
Mol. w. 116. r-l*«°](Fittig,i.200,49). (206°). 
S‘G. § -9446 (Zander, A. 224, 67) ; *9468 (Garten- 
meister, A. 233, 277); f ‘9287 (Brtthl). O.E. 
(0°-10°) *00096 Z.). S.V. 162*6 (Z.). 1*4190, 

60*66 (B.). H.0. 830,209 (Louguinine, A. Oh, 
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[5] 26, 140). Heat of neutralisation'. Gal a. 
Werner, Bl. [2] 46, 802. 

Occttrrewcfl.— Among the products of the 
butyric fermentation of sugar (Grillone, A. 166, 
127 ; c/. Stioht, Z. 1868, 220 ; Linnemann, A, 
160, 226 ; Lieben, A. 170, 89). 

Formation. — 1. By the oxidation of n-hexyl 
alcohol (Zincke a. Franciimont, A. 163, 199). — 
2. By the action of boiling alcoholic KOH on its 
nitrile (n-amyl cyanide) (Lieben a. Rosai, O. 1, 
314; 3,27; A. 159, 75; 165, 118).— 3. Together 
with other fatty acids by the oxidation pro- 
teids. — 4. From n-butyl-aceto-acetic ether and 
alcoholic KOH (Gartenmeiater, A. 233, 277). 

Preparation. — By fractionally* distilling crude 
<ermentation butyric acid, *nd shaking the 
portion boiling above 180» with 6 volumes of 
water. • • 

Properties. — Oil, with faint unpleasant 
odour. 

Reaction^. — 1. Oxidised by nitric acid to 
acetic and succinic acids (Erlcnmeyer, Sigel a. 
Belli, B. 7, 696; A. 180, 215).— 2. Magnesic 
caproate in solution subjected to an alternating 
electric current produces butyric, valeric, *oxy- 
caproic, o^lic, succinic, glutaric, and adipic 
acids (lirechsel, J.pr. [2] 34, 135). 

Salts.— Ca.V,aq. 8. 2 0 at 18^ ^{ottal, A 
170, 95) ; 4-6 (Grillone) ; 2-73 at 'V (Keppich, 
M. 9, 589).— BaA'j. S. 9*3 at 18*5° (Lieben a. 
Rossi) ; 9’1 at 22° (Grillone) ; 9‘47 at -5° (Kep- 
pich).— BaA'22aq. S. (of BaA'j) 12*5 at 10*5'' 


Phenyl hydrazide 0,H„.CO.NH.NHPh. 
[117*]. I 

Nitrile CjHjiCN. n-Amyl cyanide. Mol. 
w. 97. (164°). S.V. 141*1 (R. Sohiff, B. 19, 668). 
Formed, together with hexylamine, by allowing 
a mixture of the amide of heptoic acid (1 mol.) 
and bromine (3 mols.) to run into a 10 p.o. solu- 
lion of NaOH (Hofmann, B. 17, 1410). 

Isohexoic a*cid C^H^Oj i.e. Fr.CHj.CHj.COjH. 
Isocaproic acid. Isohutyl-acetic acid. (200° i.V.). 

S.G. 22 -925. Heat of neutralisation'. Gal a. 
Werner, Bl. [2] 46, 802). 

Occurrence.— glyceryl ether in butter 
(Chevreul, Recherches sur les corps gras), in 
cheese, and ift cocoa-nut oil (Fehling, ri. 63, 406). 
Occurs in the free state, together with butyric 
and valeric acids in the flowers of Satyrium 
hircinum, whicl# have an odour of bugs (Ohau- 
tard, Bl. [2] 2, 66) ; and, together with several of 
its lo^er homologues, in the sarcocarp of Qingko 
biloba (B6champ, A. 130, 364). Found by C. 
Kraut (Jl. 103, 29) in the water of a brook 
running out of a peaty soil. Formed also by 
the fermentation of wheat bran (Freund, J. pr. 
[2] 3, 224). 

Fornfation. — 1. By saponifying its nitrile 
(isoamyl cyanide), which is obtained from iso- 
amyl iodide by boiling with alcohol and calcined 
KjFeCyg (Frankl^nda. Kolbe,ri. 65, 303; Wurtz, 
.4. 105, 295). — 2. By the action of COj on sodium 
isoamyl (produced by treating ZnEt^ with so- 
dium) (Wanklyn a. Schenk, 0. J. 21, 31).— 3. By ‘ 


(Lichen a. Janccok, A. 187, 128).— BaA'_.3aq. S.*i the oxidation of proteids, fats, and oils, hexoic 


(of BaA'J 12*9 at 23° (K.).— 8rA'2 3aq : lamina). 

8. 9*7 at 24° (K.).— ZnA'oaq. S. 1 at 24° (K.).— 
CdA' ,2aq. S. 1 at 24° (K.).— CuA'.. Insol. ether, 
sol. alcohdl.— AgA' : pp. (Franchimnnt a. Zincke, 
A. 163, 200). S. *077 at 0° (Keppich). 

Methyl ether MeA'. (160°). S.G. *0030. 
C.E. (0°-'l0°) *00105. S.V. 172*2 (Garten- 
meistor). 

Ethyl ether YAM. Mol. w. 144.* (166*6°) 
(G.). S.G. 2 -8888. CJl. (0°-10°) *00103. 
S.V. 197:7. 

Propyl eth^r PrA'. (186°). S.G. g *8844. 
C.E. (0°-10 ) *00101. S.V. 222*2. 

Biityl Pr.CH.,A'.(204°). S.G.g*8824. 

C.E. (0°-10°) *00099. S.V. 246*0. 

• n-Hexyl ether C,H„A'. (246° cor.).. S.G. 
IZi* ’SOfi (Franchimont a. Zinclse, A. 163, 197). 

Eeptyl ether C,Jiy,M. (259°). S.G. 2-8769. 
C.E. (0°-10°) *00088. S.V. 323*9. 

n.OctyletherC,U,,M. (275°). S.G.g*8748. 
C.E. (0°-10°) *00088. S.V. 349*6 (Gartennjpister). 
Occurs in oil of Ileracleuvi (Zincke, A. lo2, 18). 

Chloride C«HnOCl. (c. 138°) (B6chaiJlp, 
A. 130, 364). 

’ Anhydride (C,H„T))jO. Liquid (Chiozza, 

A. 86, 259). • • 

Acetyl-hescoic anhydride CaH„O.OAo. 

(165°~176°). Liquid, lighter than wafer. Formed 
by heating hexoic acid with AOjO (Autcnrieth, 

B. 20, 3187). 

Amide [100°]. (256°) (Henry, B. 2, 490). 
Plates. Sol. alcohol ai^ hot water. Prepared*] 
by heating ammonium nexoatetat 230° under 
pressure ; the yield is 70 p.c. (Hofmann, B. 15, 
983 ; 17, 1411). 

Anilidi OjHij.CONHPh. [96°]. Formed by 
heating the amide with aniline (Kelbe, B. 16, 
1200). Needles, v. sol. alcohol and e^ier. 


acid is often formed, but in moat oases it has 
not been determined whether it^is n- or iso- 
hexoic acid (Redtenbacher, A. 69, 41 ; Schneider, 
A. 70, 112; Arzbacher, A. 73, 203; Guokel- 
berger, ri.C4, 70). — 4. Fromy-oxy-isohexoio acid 
by heating with HI and red phosphorus (Mielck, 
A. 180, 45).— 5. By decomposing isobutyl-aceto- 
acetic ether with baryta (Bohn, A. 190, 316). — 

6. Either n- or iso-hcxoic acid occurs to the ex- 
tent of 3 p.c. among the, acids produced by the 
fermentation of the perspiration of sheep (yolk). 

7. From leucine and nitro«8 acid. — 8. One of 
the products of the action of zinc isoamyl on 
oxalic ether (Frankland a. Dup^, A, 142, 17). 

Properties. — Liquid, with rancid smell. •Not 
solidifiod by cooling to — 18°. Wheh its potas- 
sium salt in aqueous solution is decomposed by 
an electric current decane is produced (Brazier 
a. Grossleth, A. 75, 249). • 

Reoefiow.-^-Oxidised by XMn04 to y-oxy-iso- 
hexoio acid (CH5)3C(OH).CB[g.CH5.C03H which 
splits off water, givyig the lactone 

(CH.),0<g5>o°^>. . . 

Salt8.-C*A'3 3aq. S. (of OaA',) 12*7 at 
18*5° (Lieben a. Rossi, rif 165, 124) ; 6*8mt 21° 
(Mielck) ; 9*9 %t 19° (Rohn).— BaA'^aq. S. (of 
BaA' ) 21 at 22° (Mielck).— BaA'3 2aq. S. 63 at 
18*6° (L. a. R.); 26 at 14° (Rohn). « 

Methyl ether UeM. (160°). S.G. W -898 

^^•^Thyf ether YiM. (ICl’tcor.). S.G. g*887; 

O.H*A'. (216«-220«) 

(Frankland a. Duppa, A. 142, 18). ^ 

, Amide Pr.CH,.CH,.CONHo. [120°]. Pre- 
pared by heating ammonium isocaproate at^230° 
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mder pressure ; the yield is 63 p.c. of the theo- 
retical (Hofmann^. 15, 983 ; 17, Hll). 

N itrile l?r.CH,.CH.^.CN. Isoamyl cuanuU. 
(155°) (Wurtz,il. 105, 296). S.G. ^ -806. V.D. 
3‘34. Formed by heating isoamyl oxalate, 
chloride, or iodide -with KCy (calcined K^FeCy^) 
(Balard, A, Ch. [3] 12, 294; Franklanda.Kolho, 

A. 65, 288; Brazier a. Gossleth, A, 75, 251; 
Medlock, A. 69, 229 ; Wurtz, A. i05, 296). So 
prepared it is dextrorotatory ; [a]o = 1*69, and is 
therefore impure. It forms the following com- 
pounds : (C,H„N)2TiCl,. — (C,H„N)jSnGl2. — 
O^nNSbCls- 

Hexoio acid CgHijOj i.e. CHPrMe.COjH. 
Methyl-propyl-acetic acid. (194° car.). S.G. 
•9231 ; ’9279 (Lieberraann a. Scheibler, J5. 16, 

1823) ; ^0® ’9286 (Liebermann a. iSeemann, B. 
17,918). C.E. -00075. 

Formation.-— 1. From amylene by combina- 
tion with HI, treatment of the product with 
KCy at 115°, and saponification of the product 
(A. Saytzeff, B. 11, 511 ; A. 193, 849).- 2. By oxi- 
dising PrCHMe.CHoOH with chromic acid mix- 
ture (Lieben a. Zeisel, M.4, 37). — 3. By reducin" 
EtCH:CMe.COjH with HI (L. a. Z.).— 4. By re- 
duction of the lactone of 7-oxy-o-methy’-vak'ric 
acid (caprolactone) by heating with HI and red 
phosphorus at 200° (L. a. S.).— 5. By the action 
of «-propyl iodide on sodium methyl-aceto-aretic 
ether and saponification of the product (L. a. 

K. ; E. J. Jones, A. 226, 294).— 0. From iso- 
saccharin by reduction with HI and P (Kiliani, 

B, 18, 632).— 7. In oil of resin, obtained by the 
dry distill ation^of colophony (Kclbe a. Warth, B. 
16,308). 

Properties . — Inactive liquid, si. sol. watov. 
Weak acid. FeCl, gives, in a solution of too 
ammonium salt, a flesh-coloured pp. soluble in 
excess of the reagent (S.). 

Salts.— OaA'j. Prisms (from alcohol) (S. ; 

L. a. Z. obtained CaA'„aq).— CaA'.^ aq : small 
needles (from a solution saturated at 50°) (K. 
a. W.). — CaA'2 2iaq: long needles. S. 11’8 at 
17°; 7-6 at 100°.— ^taA'^Saq (L. a. Z.). — 
CaA'2 4aq (L. a. K.).- -CaA'j 5aq (L. a. Z.). 
— CaA', 8aq : silky needles (Kihani). S. (of CaA'^) 
32 at 18-5° (A. Saytzeff, J.pr. [2]23,293).— BaA',: 
gummy; v.Bol.water(S.).—ZnA'2: more sol. cold, 
than hot, whter (S.). [72°] (K. a. W.).— CuA'^; 
green pp,— CuA'jCu202 : light green pp.— AgA' : 
slender needles. 8. *47 at 20° ; *9 at 100° (8.). 

Ethyl ether EtA'. (153° i.V.). S.G. § 
•8816 ; v *8670 (AsBaytzeff, A. 193, 352). 

Hexyl ether (224° cor.). Formed 

in the oxidation of OMePrH.CHaOH by chromic 
acid mixture (L. a. Z.h 

Amide OjHuCONHj. [96°j. Needles (K. a. 
W.).-(C,H„.CO.NH)2Hg. [c. 158°]. Needles. 

Hexoio acid CjHuOj i.e. GHPrMe.COjH. 
Methyi-isqpre^l acetw acid. (190°). S.G. is 
*928. L 

<* Formation. — 1. From CHPrMel vid 
4'HPrMeCN (MarkownikolT, Z. 1866, 502).— 2. 
From methyl-isopropyl -aceto-acetio ether, ob- 
tained by treating aceto-aceticoether successively 
with NaOEt and PrI followed by Mel; or wiOh 
Mel followed by PrI. N either method gives a good , 
yield (VanBombur^h, R. T. C. 6, 228).— 4. From 
malonic ether by like processes (Bd. ^ 

Liquid, smelling lixe its isomer- 

ides. 


Salts.-Ga.Vo. Less sol. hot, than cold, 
water. 8. 20 at 15°. Blender needles (from dl- 
cohol). — AgA' : needles (from water). 

Amide CsHjj.OONHj. [129°]. Sol. water, 
alcohol, ether, and benzene. Easily sublimed 
(B.). 

Hexoio acid t.e. OEtMej.COjH. Di- 

methyl-ethyl-atetic aciM [-14°j. (186°). Ob- 
tained from the corresponding iodide CEtMe^CHjI 
by heating with potasaio-merourio cyanide, frSto- 
tionally distilling the resulting nitrile, and then 
heating It w;ith fuming HCl for 6 days at 100°, 
and then for 2 days at 120° (Wischnegradsky, B. 
7, 7^0; 2 . 174, 56 ; 178, 103). Formed also by 
reducing methyP ethyl ketone with sodium amal- 
gam and oxidising the resulting pinacolin CjH,^0 
with CrOj (Lavrinovitch> A. 186, 126). 

Salts?— BaA'jSaq : largeAransparent plates 
(from water) ; v. sol. water.— ZnAk: white pp. — 
AgA' : slender needles (from hot water). 

Chloride CMe.Et.COCl. (132°/. 

Nitrile CMe.Et.CN. (130°). 

Hexoio acid CgH^Oj i.e. CEtjH.CO^H. Di- 
cthyl-racetic acid. (190° i.V.) (Saytzeff). (191°) 
(Burton, Am. 3, 393) ; (196°) (Schn^p, A. 201, 
70). S.G. e -936; -920 (Saytzeff); ^ -946 

(Schnapp).^ 

Formatimi.—l. From oxy -hexoio ether (di- 
ethyl-oxalic ether) CEtj(OII).C02Et by treatment 
with PClj which gives CEt.^Cl.COjjEt, which is 
then reduced by sodium amalgam (Markowni* 
feoff, B. 6, 1176). The same chloro-hexoic ether 
is resolved by distillation into HCl and hexenoio 
etber, which may bo reduced in like manner by 
sodium-amalgam.— 2. From di-ethyl-aceto-acotio 
ether (Frankland a. Duppa, A. 138, 218).— 3. By 
passing CO over a mixture of NaOEt and NaOAc 
heated to 205° (Frbhlich, A. 202, 308).-4. To- 
gether with aldehyde, by distilling iB-oxy-di-o. 
ethyl-butyric acid CH,.CH(0H).CEt2.C02H 
(Sclinapp .A. 201, 70), or by treating the same 
acid with PClj, followed by water (Burton). Also 
from the same acid and HI(B.). — 6. From CHEt,^! 
vid the cyanide (A. Saytzeff, A . 193, 349) From 

di-ethyl-malonio ether (Conrad, A. 204, 141). — 
7. From cthyl-crotonic acid CHjrCH.CEtH.CO,!! 
by combining with HBr and reducing ihe result- 
ing bromo-hexoic acid (Howe a. Fittig, A. 200, 
24; A.^aytzeff, J.pr. [2] 23, 288). 

Properties.— Uqmd-f not solidified at ^16°. 

Salts.— CaVy. S. 25 at 23°. Gummy (from 
water) or twin-crystals (from alcohol).— CaA'.^aq : 
laminte. S. (of CaA^ 38 at 18-6° (H. a. F.) ; 30 
at '7° (Keppich, M. 9, 689). On evaporating the 
Bobtion a thin crust forms which dissolves again 
on cooling. Crptals may be obtained by stirring 
during evaporation. — BaA'j2aq.— ZnA^ less sol. 
hot than cold .water.— AgA'. S. *4 at -7° (Keppich) ; 
•5 at 20°; *76 at 100°. 

Ethyl ether -EiM. (161°). S.G. g - 888 ; 

*869 (Saytzeff). 

Hexoic acid i,e. CHEtMe.CHj.COjH. 

$-MethyUfi-eth/yl-propiomc acid. (o. 197°). S.G. 
Ai*930. [o]d» 8^92°. Formed by oxidising active 
hexyl alcohol by KgCrjf^, and H 2 SO 4 (Van Bom- 
burgh, B. T, 0. 6 , 222). 

Salts.— OaA'jSaq; tufts of small needles 
(from water).— AgA' ; needles (from hot solu- 
tions). 

Btxyl ether (283°). S.G. w 
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'8^7. Wd ■= 12-86°. Formed in the oxidation of I 
the alcohol. 

Amide OjH.jCONH,. [124°]. 

References , — Amido-, Bromo-, and Chloko- 

HBXOIO ACIDS, 

n-HEXOIC ALDEHYDE CaH.jO i,e. 
Pr.OH 2 .CH 3 .CHO. n-Caproic aldehyde. Mol. 
w. 100. (128° cor.). jB.G. 2 »850 ; ^ •h:U.- 
Formed by distilling calcium caproate (10 pts.) 
with calcium formate (7| pts.) (Lieben a. Janecek, 
A. 187, 130 ; G. J. 32, 879). Limpid liquid, j 
smelling like aldehyde. Forma a cny stall ino 
compound with NaHSO,. Is readily oxidised 
and readily polymerised. ' 

Hexoio aldehyde Pr.CHj.^Hj.CHO. • Iso- 
caproic aldehyde. (121°). Formed by distilfing 
sodium formate with sqd^^m isohexoate (Ilossi, 
A. 133, 178). Liqiyd with pungent odijur, si. sol. 
water, miscible with alco];iol and ether. Keduces 
ammoniacal AgNOj. Gives on oxidation iso- 
hexoio (istbutyl -acetic) acid. Eoduced by 
sodium-amalgam to hexyl alcohol (150°). Com- 
bines with NaHSOg. 

Hexoio aldehyde CgHjaO i.e. Pr.OHMe.CHO. 
(116° cor.). From Et.CHiCMe.CHO, iroft, and 
dilute HOIlo by standing in the cold for a month 
(Lieben a. Zeisel, M. 4, 23). Combines with 
NaHSOg. Gives Pr.CHMe.COjH ?)n^xidation. 
Reference. — TRi-onLoao- and Di-bromo-hexoic 

ALDEHYDE. 

HEXONENE CJl,. (80°-85°). S.G. -80. 
Among the products deposited on compressing 
the gas obtained by heating oils (Couerbe, J.x^- 
18, 165). The same hydrocarbon (85*5°) occurs 
in petroleum from Amiano (Dumas, A. 6 , 257), 
Isomeride : Diallylbne {q. v.). V. also 

BROMO-rfEXONENE. 

HEXONITRILE v. Nitrile of Hexoio acid. 
HEXONYL BROMIDE CgH,Br. Br&nio-di- 
allylene. (150°). From di-bromo-diallyl and KOH 
(Henry, B. 14, 400). Liquid, heavier than 
water. Combines with bromine. P|>ts. ammo- 
niaoal AgNO., and CugClj* 

HEXUNENE 0«H,. [04°], (130°). V.D. 2-81. 
Form^ by distilling cuprous allylidc with an 
alkaline solution of K-heCy. (Griner, 0. R. 105, 
288). In presence of €83 it combines with 
bromine forming crystalline GaHgBr^ [44°]. It 
<does not ppt. ammoniacal cuprous chlojjide. « 
Ijomeridea. Benzene and Diproi’arqyl. 
lIl-HEXYL V . Dodecanb, 

HEXYL ACETATE v. Acetyl derivative of 
Hexyl alcohol. 

HEXYL ACETYLENE v. Ootinene. 
n-HEXYL ALCOHOL CgH^O i.e. 
Pr.CH 2 .CH 3 .CH 30 H. Mol. w. 102. (157° ior.). 
S.G.^ '832. C.E. (0°-10°) '00087, S.V. 146*2 
‘ (Zander, A. 224, 82).* Occurs in fusel oil from 
brandy (Faget, A. 88, 326) to the afiount of *6 > 0 , 
(Ordonneau, 0. R. 102, 219). n-Hexyl acetate 
and butyrate occur in the essential oil of Hera- 
cleum (Franchimont a. Zinoke, B, 4, 822 ; A, 163, 
198 ; Mdslinger, A. 185, 41). Perhaps the hexyl 
aloohol in these oases is Pr.CH 3 .CH 2 .CH 30 H. 

Formation.— 1. Through the acetate, fretn 
n-hexyl chloride whiclf is fon*ed, together with 
sec-hexyl chloride, by chlorinating hexanf 
(Oahoursa^Pelonze, O.B.64, 1246 ; Schorlemmer, 
A. 161, 271).— 2. By reducing the corresponding 
aldehyde with sodium-amalgam (Lieben a. Rosav 
A. 133, 178 J Lieben a. Janecek, A. 187, 126). 


Formyl derivative CgHijOCIIO. (146°). 
S.G. *8495. Smells like ap^es. 

Acetyl derivative CgHijOAo. (170° i.V.). 
S.G. -889 (F. a. Z.) ; ° *8902. C.E. (0°-10°). 
•00100. S.V. 197*7 (Gartenmeister). 

Benzoyl derivative C,,H,,jOBz. (272°). 
S.G. ‘Ogg. Oil, smelling like apples (Frentzel, 
B. 16, 745). . 

Hexoyl derivative CflHuO.CO.CjH,,. 
(246°). S.G. -865. 

Ethyl ether C,H„OEt. (134°-137°). 

Bsohexyl alcohol Pr.CH3.Cn,.CH30H. (160°). 
Formed by reducing the corresponding aldehyde 
with sodiuia amalgam (Rossi, A. 133, 180). 

Hexyl aloohol CHg.CH,.CnMo.CH3.0H30H. 
0-Ethyl-bu^l alcohol. (164° cor.). S.G. ^ 
•K29. [a]„ = 8€°. Obtained among the products 

I of saponification of Roman oil of chamomile 
i (Va^ Komburgh, jB. T. C. 5, 220). Gives on 
saponification a dextrorotatory hexoio acid and 
a hexyl hexoate (234°), S.G. *867, [o]i>=i 12*86 
at 19°. 

Hexyl alcohol CH3.CH3.CII3.CHM0.CH3OH. 
a-Propijl-propyl alcohol. (147°). S.G. g *8376. 
One of the products of the reduction of 
CHEt:CMe.CHO, and separated from the ac- 
companying CHKt-.CMe.CIIjOH by treatment 
with bromine «,nd water, whereby the latter is 
changed to CHEt(OH).CMe(OH).CH30H (Lieben 
a. Zeisel, M. 4, 28). Optically inactive liquid. 
On oxidation with chromic acid mixture it yields 
CHjEt.CHMe.CO^n and methyl propyl ketone. 

Acetyl derivative CgHjlOAc. (162° cor.). 
S.G. •8717. • 

Hexyl alcohol Pr.CHMo.CHgOH (?). (163° 

i.V.). S.G. -830. Occurs as angolate and tig- 
late in Roman oil of chamomile (Kobig, A. 196, 
102). Formed also from Pr.Pr by chlorination, 
<&o. (Silva, B. 0, 147). 

Acetyl derivative CgHuOAc. (165°-160°). 

(Sec-hexyl alcohol 

CH3.CH2.CH2.CH2.CnMe.OH. Methyl-hutyl-car- 
binol. \^)-Hexyl alcohol, (137°) (E, a. W.) ; 
(141°) (S.). S.G. ^ *833 ; ^ *821. 

Formation.— I, By digestilfg (jS) -hexyl iodide 
with water and Ag,0 (Wanklyn a. Erlenjneyer, 
O. J. 16, 221 ; Hecht, A. 165, 14«), or with a 
large excess of boiling water (Niederist, A. 196, 
361).— 2. From the corresponding chloride which 
is formed together with n-hexyl chloride by 
chlorinating n-hexane (Schorlemmer, A. 161, 
272). — 3. From the mixture of chlorides obtained 
from n-hexane by conversion into hexylene and 
treatment with HCl (Morgan, A. 177, 307). — 4. 
By converting (/3) -hexyl iodide into hexylene, 
treating the product with HgGO^and distilling the 
resulting OsMjsC.SGsH with water (W. a.E.).— 6. 
Formed also by treating^hexylene from#nannite 
with HOCl md reducing the prfduct with iron 
filings and acetic acid (Domao, M. 2, 320 ; A» 
213,124). 

Properties. — Thick liquid with pleasant 
odour, very uelike that of isoamyl alcohol. 
Chromic acid mixture oxidises it to an alaehyde, 
and afterwards to butyric and acetic acids. 

Acetyl derivative CgH,gOAc. (156° cor.). 
S.G. ® *878. 

Ethyl ether CgHjgOEt. (133°), S.G. 4? 
•776. 
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SeC'hexyl aloohol 

OH,.CH,..CHMe.OHMe.OH. MethyUcc-butyU 
carUnoi (134® LV.). S.G. « *8307. Formed 
by reducing methyl scc-butyl ketone dis^lved in 
wet ether by sodium. A pinacone 
(249°) is sdso formed, and this, when warmed 
with dilute HjSO^ gives two pinacolines 
(Wislicenus, A. 219, 319). Colourless oil. 

iSsc-hexyl alcohol n * 

CH,.CH,.CH{0H).CH,.CH„.0H3. Ethyl-propyU 
carbinol. (136° cor.). S.G. -834; 22 -aiO. 
Formed by reducing ethyl propyl ketone by 
sodium-amalgam (Volker, B. 8, 1019 ; Oechsner 
de Coninck, Bl. [2J 25, 7 ; B. 9, 193). Gives on j 
oxidation ethyl propyl ketone an^ propionic 
acid. 

Acetyl derivative (150°).. 

Hexyl alcohol CgHj^O. (138°). From di- 
chloro-di-ethyl oxide CHjCl.CHuI.OEt by treat- 
ment with ZnEtj and treatment of the resulting 
CH2Et.CHEt.OEt with HI, KOAc, and dlOH 
successively (Lieben, A. 178, 22). Gives acetic 
and butyric acids on oxidation, and would there- 
fore appear to bo identical with methyl-butyl- 
carbinol. 

Ethyl ether C,H,30Et. (131°). S.G. « 
•787 ; 22 -770. 

Sec-hexyl alcohol (CH3)3.C.CHMe.OH. 
MethyUtert-butyl-carUnol. [4°]. (120*5°). S.G. 

*636. Formed by reducing thb corresponding 
ketone (pinacolin) with sodium-amalgam (Friedel 
a. Silva, C. 76, 226). Liquid smelling like 
camphor, solidifying in a freezing-mixture to a 
mass of long silky needles. Oxidised by chromic 
mixture to pinacolin and tri-methyl-acetic 
acid. '•* 

• Acetyl derivative CoH,jOAc. (c. 142°). 

Tert-hexyl alcohol CMeEt^OH. MethyUdu 
ethyl^rbinol (123°). S.G. 2g«-8237; f *8194; 

*8104. 


pionyl bromide by sucoessivo treatment with 
ZnMej and water (Kasohirski, C.C. 1881, 278).— 
3. By acting on ZiiMe.. (5 pts.) with chloral (2 
pts.) (Rizza, Bl. [2] 38, 161). ~ 4. From ZnMe, 
and di-chloro-aoetyl chloride, the yield being 
G p.c. (Bogomoletz, Bl. [2] 34, 330). 

Properties. — Liquid, smelling of camphor, 
solidifying at ^ 14°. oxidation with chromic 
acid mixture it giVes acetone and acetic acid. 
References. — Bromo- and CiiLono-nEXYL- 

ALOOHOL. 

(n)-|[EXYL-AMINE 

CH,.CHj.Cnj.CH2.CH,.CHj.NH2. (129'"). S.G. 
22 -77. 4 Occurs in cod-liver oil (Gautier a. 
Mourgues, G. B- 107, 254). Obtained from 
n-hexyl chloride t (derived from w-hexane in^ 
petroleum) and NHj (Pelouze a. Cahours, A. Ch. 
WL6).. • ■ 

Preparation.— k i^ixture of equal mols. of 
the amide of hexoic acid and bromine is run into 
an excess of a 10 p.c. solution of FOH at 60° ; 
the yield is 70 p.c. (Hofmann, B. 15, 771; 
Frentzel, B. 16, 744).~B'HC1; laminte. — 
B'jHjPtCl^ : scales. 

Iwhexyl-amine Pr.CH.^.CH..CH2NH2. From 
isohexyl iodide and alcoholic NH3»(Rossi, A. 
133, 181).— B'.,n,PtCl8 : scales. 

(3) - H.;xyiamine Pr.CII,.CHMe.CH,NHj. 

1 (116° i.V.). S.G. *76. Formed, together with 
hexylene, by heating (8)-hexyl iodide with NH, 
(Uppenkanip, B. 8, 66 ; Jahn, B. 15, 1292 ; M. 
3, 170).— B'sH^FtCl^ : golden plates. 

7'cr^hexylamine CMeEtNH^. (lOO"). From 
the carbamine CMeEt.^NC and HClAq (Schdanoflf, 
A. 185, 123). 

! Di-n-hexyl-amine (C«H,3),NII. (iy/)°-195°). 
From alcoholic and n-hexyl chloride 

derived from w-hexano of petroleum (P. a. C.). 
Tri-n-hexyl-amine (C„Hn)(N. (260°). From 


Formation. — 1. By treating acetyl chloride 
with ZnEt^, leaving the product for two days 
until it has become viscid ; then heating to 100° 
and mixing with water (Butlerow, Bl. [2] 5, 17). 
2. Together with hexylene, hexane, and other 
products by treating CHj.CHI.CIIMeEt dissolved 
in alcohol with MO Ac and zinc (Wislicenus, A. 
219, 316). —8. From the corresponding iodide 
CMeilt,! and cold very dilute KOIIAq (W.).— 4., 
By acting on di-ethyl ketone (1 mol.) with Mel 
(3 mols.) and zinc, followed by water (Refor- 
matsky, J. pr- [2] 86, 340). Colourless mobile 
liquid, smelling likj[ ter(-butyl alcohol. Chromic 
acid mixture oxidises it to acetic a6id only. 

Acetyl derivative CMeEt^.COAo. (148° 
cor.). S.G. *8824 ; *8772 ; *8679. 

T«rf-bexyl alcohol CMegPr.OH. Di-methyl- 
propyl carbinol. (IW*) (B.) ; (123^ (J.). Formed 
by treating buiyxyl chloride with wMe.^ followed 
by water (Butlerow, Z,. 1866, 617; Jawein, A. 
196, 264). R'.ther viscid liquid, ^^ligbter than 
^water, and somewhat soluble therein. Does not 
*i^lidify at - 38°. Gives on oxidation acetic and 
mopionic acids. 

Tert-hexyl alcohol CMe-^Pi^OH. Di-methyl- 
isoprd^l-carbiywl. (118°) (P.); (117°) (Pavlol^, 
a. 196, 123); (119^) (K.). S.G. 2 *836 ; 12 *823 
(P.) ; 2 -887 (K.). O.S. (0°-60°) *00099. 

Formafion,---!. By treating isobutyryl ohlor- 
Me with ZnMe, foDowed by water (Prianisch- 
nikoff, Bl. [2J 16, 303).— 2. From a-bromo-pro- 


7i-hexyl chloride and alcoholic NII3 (P. a. C.). 
Formed also by distilling with lime the com- 
pound of Keptoic aldehyde (oonanthol) with NH, 
and SSOj (Petersen, S. 101, 310; 102, 312).— 
B HCl. — B'jHjPtClg *. glittering laminas. . 

Ethylo-iodide (CgUjJ^NEtl : liquid. 

HEXYL-BENZENE 

Ph.CH2.CH2.CH3CH(Cn3)3. CapryUenzene. 
(212°-213°) at 733 mm. S.G. *857. From 
benzyl Csromide, iso-amyl bromide, benzene, ana 
sodium (Schramm, A. 218, 391 ; cf. Aronheim, 
A. 171, 223). 

Reaction . — Bromine vapour at 160° forms 
PhCHBr.CH,.CH,.CH(CH8),, which, on distilla- 
tion, gms HBr and phenyl-hexylene, whose di- 
bromide Ph.CIIBr.CHBr.CH3.CHMe, forme 
needles or plates [79°-80°j. 

Rc/ercnce.-Dl-BBOMOiHEXYL-BENZENE. 

7t-HEXYL BROMIDE CgH„Br. (166° cor.) 
S.G. 2 1*194 ;''22 1.173. -|from n-hexyl alcoho 
and HBr (Lieben a. Janeoek, A. 187, 137). 

Hexyl bromide Pr.CHMe.CHJBr. (c. 144 
cor.). From the corresponding alcohol and cone 
HBrAq at 180° (Lieben a. Zeisel, M. 4, BSj 
Converted by water (80 pts.) at 150° int 
hexylene. • ’ 

Nec-hexyl briAnide Pr.OH-.CHMeBr. [144° 
From boiling »-hexane and bromine (Schoi 
1 lemmer, A. 188, 250). 

HEXYL -CHLORAL «. Tbi-obxiOBO-hexoi 
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n.HZX'TL CHIOEIIJE 0,H^^CI i.e. 1 chloride and alcoholic KOH (Morgan, A. 177, 

Pr CH2.CH8.CH.^C1. CJiloro-hexane. 1 a05 ; Schoilemmer, A. 100, 141). The game 

(Liehen a. Janecek, A. 187, 130 *, Frentzel, B. 16, hexylene is perhaps formed Ly treating the di- 
745h Formed, together with (flhhexvl ohloride, I hydr<f-di -iodide with sodium. It boils at 69°, 


745). Formed, together with (j3)-hexyl ohloride, 
by chlorinating n-hexane (Cahours, G, B. 10, 
1241). 

Bec-hexyl ohloride 

CH,.0HC1.0H,.CH2.C:^.CH,. {^.Hexylchloride, 
(126°). From cold fiming HCl and hexylene,* 
derived from n-hexane (got from mannite) by 
chlorination and subsequent treatment with 
alcoholic potash (0. Schorlemmer, Pr.^ 29, 365 ; 
T. 171, 462; Domao, ilf. 2, 313). * Formed also, 
together with n-hexyl chloride, by cVlorina-ting 


iiBxjfieuo IB peiuaps lormeu wy (iceauug iai» ui- 
hydr<f-di -iodide with sodium. It boils at 69°, 
and has S.G. -694 (Wurtz, A. Ch. [4] 3, 129). 
Greville Williams (T. 1847 ; A. 108, 884] found 
a hexylene boiling at 71° among the products of 
the distillation of Boghead coal. Thorpe and 
Young (A. Ji65, 8) obtained a hexylene boiling 
about 66° to 70° from strongly heated paraffin. 
w-Hexylene is among the products of the manu- 
facture of oil gas (Armstrong, C. J. 49, 74). 

^Properties. — w-Hexylene does not combine 
with fuming HCl in the cold ; but at 100° it 


together with n-hexyl chloride, by c'#lonnating i witn turning uui m me com ; out « 

n-hexane (Schorlemmer, A. 1,61, 272), eod by 1 forms hexvl chloride (123°). With bromide of 
jatnrating (S)-hexyl aloohed with HCl and heat- i nitrogen if forme a heavy oil (A. K. Miller, O. J. 

winSyn « wk'^rand j 

^SXeto I J at\lj it forms htyl a’oetate ^ (W- a-^-) = f VTI92 

CHi.OAc. If this is pbd, by water and sapom- Strauss, A. 172, 62). S.G. a 700. V.H. 
tied by strong potash an alcohol or mixture of (cidc. 2 * 90 ). Obtained, P V 

alcohols (130°-140°) is got. This alcohol gives state, from the n-hexane derived from manmta 


Hexyl chloride Pr.CHMe.CHjCl. (Ir4^)- A 
product ^ the chlorination of Fr.Pr (Silva, Bl. 
[2J 0, 36 ; 7, 953). 4 

Bec-hexyl chloride C^H.^Cl. <117°). Formed 
by passing HCl through a mixAre of cone. 
HGlAq and the mixed hexylenes obtained 
by the action of alcoholic KOH upon the 
ture of hexyl chlorides got by chlorinated n- 
hexane (Morgan. 0. J. 28, 301). The same 
hexyl chloride is probably also got from the 


Dy cniorinaiiiig unu nxrv. — - 

< tire of hexyl chlorides (121°-134°) with alcoholic 
KOH at 100° (Schorlemmer, Pr. 29, 366). 

' Formed also by treating (jS) -hexyl iodide with 
I alcoholic KOH at 100° (Erlenmeyer a. Wanklyn, 
A. 136, 141; cf. Hecht, B. 11, 1050). and, to- 
I gether with the preceding, from the n-hexane of 
1 petroleum b\*chlorination, followed by treatment 
I with alcoholic KOH (Morgan, A. 177,305; C. J. 
1 28, 3<ll). Also from (^) -hexyl iodide and ZnMe, 
at 125° (Purdie, C. tT. 39, 466). 

Bcoctions. — 1. Combines with cold fuming 


hexyl chloride is probably also got irom ine beiJg complete in the 

[2] 34,*146). The corresponding alcohol boils at 
125°-129°, and gives on oxidation a ketone 

Bcc-hexyl chloride CflHjjCl. (123°). Ob- 
tained by heating with HClAq for 10 hours at g P^-^ -^tiJ acid, and 

136° the hexylene left ‘^^ombm^l in j < that ian be reduced by nascent hydrogen 

the preceding hexyl chloride (M.f. Probably | a y a^ohoX (Domao, A. 213, 124). 


Cn;.CH :.CH...Cn,.CHCl.CH3 (126°) (Schorlem- 
mev).— ‘i. Ili forms (3) -hexyl iodide (168 ).— 
3. Chromic acid mixture oxidises it to n-butyriO 
I and acetic acids.— 4. ClOj 

' (2 pts.), HAO. 2aq (1 ?»•). <1 

It K -A- u ooof A onfl hntvrio acid, ana 


, ketcra^ ^ ) CMej.CHMe.Ck (11'^'*^ 

o -899 • -876. From the corresponding 

aio(iol and HCl (Friedel a. Silva, Bl [2] 19, 

^^^!p«rt-hexyl chloride CMe.,PrCl. (100°)- 
From the alcohol and PCI, (Butlerow, /. 1864, 
4971 Partially decomposed on distillation. 

jw-f-hexyl chloride CMea^iCl. [—2'^]. |* 

- 8.G 2 -897 ; « '878.. From CMe^ClH 
(Pawloff, .1- 196, IM ; Ka8cto|k., 0. C- ^881, 


Ler 3 -nexyi aicouui is , 

Hexylene CMe^tCMe^. Tetra-pethyUthylene. 

a G 2 *712. • Formed by the action ol 

SoLlioKbHon CMeaM(J»wem i.l9^ 

PawloS, A. 196, 124; Baza, J. r 

G J. 42, 491). Formed also, together with a 
heptylenef by heating ^Ble,:CHMe witti PbO 
and Mel for eight hours at 
14 3801 Forms a dibromide Oa-tl,iX>r2 lidu j. 
A 10 p’o. solution of CrO. completely o^ise. 
tetra-methyl-etbylene tt ^oetone. 

R 11 219) also obtamed tri-methyl-acetio 

f„id\yo)dUou. H^O,(2 ™ls.^^^^^^ 


ixiaauou. 4 - ti(\o 


•8943. From di-isopropyl (hexane) Mr and 

chlorine (Schorlemmer, A. 144,184). Silva^Z. 

[2] 6, 36; 7, 96^ obtained, however, OMejPrCU 
(118°) and Pr.CHMe.0H201 (l24°). , I 

' hWyL-CYANIC acid V. Cyanic acid. 

CH^OHfo^.CH^O^’Ha, Butyl-ethylen^ 

mJi.w. 84. (69°). Fromn-hetyl 


HexylOTie uj-VLes.v^xA.vAxj. y;- /■ r"7^^*^i 

colin iodide by distillation with 

a. Silva, C. B. 76, 226). Forms a orystaUiift di- 

‘'''°H«yleae *CHMe:CMeEt. (70°).* ^0. 
CH,.CHTOHMe.CHMel (WhOioenu,. A. SU 
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813). Combinet with HI forming OMeEtJ. A. C/i. [6] 16,200) and, finally, di-ohloro-hexano. 
Chromic acid oxidieea it with difticulty forming 2. Fuming HIA.qat 100° forms sec-hexyl iodide, 
acetic acid and t small quantity of a ketone. 3. Chromic add mixture oxidises it to COn and 
By. agitating the hexylene (1 vol.) with f2 vola. acetic acid. — 4. Excess of bromine forms di- 
of) a mixture of HjjSO^ (2 pts.) and wat^r (1 pt.) bromo-hexane and an aldehyde, 
at 0® tmtil it is dissolved, and subsequently rN/CHMe.CH^v^CT 

exposing the solution to the air, there is formed Hexylene-5-oxide 

an oily do^eoylene (196°-199°) ; S.G. ii j- (104® at 720 mCi.). S.QU - '8739. Very mobile 


•809; ^'798. O.E. -00080. 


I colourless liquid of strong ethereal smell. V. 


Hexylene CHEt-.CMe,. (66°). S.G. - *702 ; sol. alcohol and ether, si. sol. water. Volatile 
-687. 0.E. -00117. From CMejPrI and al- with steam. Prepared by heating the glycol with 
ooholio KOH (Jawein, A. 196, 265). Chroinio 3 ptg. of ELSO^ (65 p.c.) at 100®. It is not 
acid oxidises it to acetic and propionic tlcids affected by noating with water or with aqueous 
and acetone. Polymerised in the same manner or alcohdlio NHj even at 200°. By boiling with 
as the preceding body, forming a f dodecylene dilutb HCl it is converted into the chlorhydrin 
(196°). S.G. 2 *796; i® ^-786. C.E. (Lfpp, B. 18, 3283).*^ 

Hexylene C«H, 2. (60°-70°). Qfitained by dis- Hexylene oxide ? (116°). 

tilling fusel oil with ZnCl^ (Wurtz, A. 128,-228). Pr.CH2.CH(OH)fCH2(OH) by conversion 

Forms a dibromide OgHjjBr, )• 1 into the chlorhydrin (chloro-hexyl alcohol) and 

Hexylene O^H,,. (65°). S.G. 2 -694. Ob- | treatment of the latter with KOH (Wurtz, A.Ch. 
tained by distilling the lime-soap obtained 1 

from whale oil (Warren a. Storer, 1868, 228). | Hexylene oxide? CJI,„0. (185°). From 

Hexylene CgHij. (07 -70°). In oil of rcsm ' pjpj. conversion into C„H|_,Br , and treatment 
(Benard, A. Ch.{&] 1, 227). ' this di-bromo-hexane with AgOAcpind KOH 

Hexylene O.H,r (70'’-80»). Di^amjUnc. [ a„ceee3iyelj (SUya, Bl. [2] 19, 147). 

TwiywvtTfnviA rf^r\n <tr\n TTllA/^ /Pi'll- I 


From propylene bromide, zinc, and HOAc (Pru- 
nier, C. B. 76, 98). 

References . — Bromo- and Di-culouo-hexyl- 

BNB. 

Di-hexylene v. Dodecylkne. 

HEXYLFNE ALCOHOL v. Di-oxy-hexane. 


HEXYLENIC ACID v. Hexenoic acid. 
HEXYL-GLYCEBIN v. Tri-oxy-hexane. 
HEXYL-OLYCOL v. Di-oxy-hexane. 
HEXYL-GLYOXALINE C„H,„N2t.fl. 
C3H,(04 Hjs)No. Glyoxal-oenanthyline. [84®] 


HEXYLENE CHLOKHYDBIN v. Ciii.ono- I (r.adziszewski, B. 16, 748); [61®] (Karez, Jf. 8. 
HHXYL ALCOHOL. 218). (295°). Prepared by the action of glyoxal 

SDBXYLENESGILYCOL u. Di-oxy-hexane and on heptoic aldehyde-ammonia (<Enanthol-ammo- 


PlNACONB. 

HEXYLENE IODIDE u. Di-iodo-hexane. 
HEXYLENE OXIDE C«H,oO i.e. 

r^^'CMejv. /oco\ niMT/. .m 


nia) in alcoholic solution (B.), or by passing NH, 
into a mixture of glyoxal and heptoic aldehyde 
(K.). Thin glistening needles ; sol. alcohol, si. 
sol. ether, insol. water. Karez attributes the 


• (96-). Formed from CMe.CMe, i :Xg.potS: aToTsZd bj 

by conversion into CMejCl.CMe^H [65°] and ; himself and by Radziszewski, to the existence of 
treatment of this chloro-hexyl alcohol with KOH two allotrcapic forms of the hexyl -glyoxaline. 
(Eltekofif, Bl. [2] 40, 23 ; J. R. 1882, 355). j Mol gives C3H„Me(C«H. JN^ (262°) ; EtI and PrI 
Combines with water withf evolution of heat, the ' act in like manner. 


product being pinacone. • i Salts. — B HCl: colourless deliquescent 

Hexylene oxide t.e, ; needles.— B'HBr.—B'jH.^CjO^. [121°]. 

Q^CHMes^ /i£ao\ g q 188 >8236 From' HEXYL HEPTADECYL KETONE i.e. 

^SOHPr^* ^ . C,H„.CO.O„H,g. (248°) at 10 mm. Formed by 

(A)-hex^lene Er.CH:CHMe, by successive treat- 1 distilling, barium stearate with barium heptoate * 
ment with OlOH and cone. KOHAq (Elte- (Krafft, B. 15, 1718). p 


koff, Bl. [2] 40, 23 ; Henry, A. Ch. [6] 29, 
663). Liquid. 4 Does not combine with cold 


HEXYL HYDRIDE v. Hexanb. 
n-HEXYL IODIDE CgH„I i.e. 


Pr,CH,OH,.CH,I. (m»)'(Arinar.,4l. 248, 27), 


^<CHMe!o^ ^ ^ J.). O.E. (0®-10®) *00096 (D.). S.V. 173*8. Pre 

in the cold. < pai^ from n-hf<^yl alcohol and HI. 

Formation. — 1. Together with hexenyl alco- Hexyl iodide CgHjal. (172°-176°). S.G. i* 
hoi, by tffe aoticu of AgjO on the di-ip do-hydride 1*43. Obtained from petroleum hexane uidhexyl 
of diallyl (di-iodo-hexane) (Wurtz, A. Ch. [4] 3, i alcohol (Pelouze a. Cahours, 0. B. 64, 1241). 
m).— 2, By treating diallyl with H^SO, and I Sec-hexyl iodide OgH,. I i.e. Pr.CHj.OHI.OH,. 
disHSling with water (Jekyll, Z. 1871, 36). {$yhexyl-wdide. (168® i.YX S.G. 2 1*46 ; « 

Prqperfies.— Liquid, does not react with 1*4269 ; ^ 1*4168 (Perkin, 0. «L 46, 468). O.E, 
NaHSOgf hydroxylamine, ammoniacal AgNO,, o (0°-60®) *00092. ^.M. 14*429 at 23*9®. 
cold HOlAq, or water' at 170°. Does not ppt. a ^ FormaUon.-^h By boiling manmte or dul- 
' solution of MgCl,. Sodium-amalgam does not cite with a great excess of oonc.HIAq (Wanklyn 
^ reduce it. a. Erlenmeyer, Z. 1861, 606 -, 1862, 641).-2. By 

Beac^iojM. -l.HClAq at 160® forms a ohloro- the action of HI on (6).hexylene obtained by 
haxyl al^ol (170®-180®) (B6hal» Bl. [2] 48, 43 ; treating the di hydro-di-iodidb of diallyl with 



HEXYL THrO-UREA. 


lodium (Wurlz, 4.132, 306).--8. From hexylei^e ' (Fawloft, A, 106 l‘>5\ SoMlftoa at 
o^de (93«) and HI (Jeyi, C. £22 221). UnsW! C. C declpS^ 

Preparation— 1. Manmte (24 g.) is distilled by ditiillation. J J V 


with aqueous HI (300 o.o. boiling at 126°) and DI-HEXYL KETONE C„H«,0 U, (CnH.,hCO. 
olearphosphoruBinaourrentofCOa. The yield [30°]. cor.). 8.0.^2^826. Formed by 
is nearly the theoretical (E. a. W.). — 2. Iodine the dry distillation of calcium hepfoate (oenan- 


(75 g.) and water (130 g.) are treated, in an at- thoate) (Uslar a. Seekamp, A. 108, 179). Large 
mosphere of CO^, withl clear phosphorus until* colourless laminte (from alcohol), 
colourless ; mannite (26 g.) is then added, and /Scc-HEX^L-MALONIC ACID 


colourless ; mannite (26 g.) is then added, and 
the mixture distilled in a current of COj (Domac, 
M. 2, 310; cf. Heoht, 4. 165, 148).— 3. A mix- 


-Scc-HEXfiTL-MALONIC ACID 
CaH,3.CH(C02H)2. [c. 86°]. From the ether by 
saponification. Nodules, v. sol. water, alcohol. 


ture of mannite (200 g.) and red^ phosphorus and ether. 

(lOOg.) is added slowly to HIAq (600g. of 57 Ethyl ether (251°), From sodium 

p.c.), and the mixture distilled in a Current of malonic ether and (/3)-hexyl iodide (Lundahl,ii. 
CO2 (Hecht, 4. 209, 311).— 4.*A good yield is 16. 789). • 

obtained by distilling mannite with funiing n-(?)-H]^YL MERCAPTAN CaHj^SH. (145°- 
HIAq and a little amorphous phosphorus (Schor- 148°). From petroleum hexane by conversion 
lemmer, T. 171, 4S2). • into hexyl ch^ride followed by treatment with 

Properties. — Liquid, smells like isoamyl KSH (Pelouze a. Cahour.s, 4. 124, 291). 
iodide. Sec-hexyl mercaptan Pr.CH.^.CHMe.SH. 

Reactidhs. — 1. Alcoholic potash gives (&)- (142°). S.G. 2 -886. From (j3)-hexyl iodide and 
hexylene. — 2. By heating with water at 190° it cone, alcoholic KSH (Wanklyn a. Erlenmeyer, 


gives hexylene. By boiling for a long time with j 4. 135, 150). Colourless oil, with unpleasant 


a large excess of water (45 pts.) scc-liexyl alco- | smell. — Hg(SCBH,3)2. Liquid. S.G. 2 1-650. 
hoi is the chief product, hexylene bei4g also HEXYL-NITROUS ACID so-called, 
formed (l^edcrist, 4. 196, 351). — 3. With moist CeH,.,N.,0,. (212°). S.G. | 1‘1381. Formed by 


AgjO, with zinc and water, with ^zinc and alco- 
hol, with silver oxalate, with sodium, with mer- 


the action of HNO, on methyl-hexyl ketone 
(Chancel, C. B. 94, 399 ; 100, 601). Oil, slightly 


cury, and with ZnMe., it yields hexylene.— 4. | decomposed by distillation. May be reduced to 
When (/3)-hexyl iodide (100 g.) is heated with , n-hexoic acid.— CoHnKNjO, : slender yellow 
iodine (25 g.) for 5 hours to 256° it yields hexane, | plates (from water) ; bl. sol. water. Decomposes 
HI, a little Mel, and a combustible gasjRayman | without detonation when heated. The silver 
a. Preis, 4. 223, 322).— 5. Chloride of iodine it 1 salt is a similar body. 

240° gives hexa-ohloro-benzene, CCl^, C.^Clg, and ' DI-scc-HEXYL OXIDE (C^H,,).^0. (204°- 

C Ola (Krafft, B. 9, 1085).— 6. Chromic acid 209 ’). Formed, together witb^a hexylene and 
mixture oxidises it to acetic and butyric acids hexyl alcohol, by the action of moist Ag.p on 
(Heoht 11 1421). I (/3)-hcxyl iodide (Erlenmeyer a. Wanklyn, i?.1863| 

Whexyl’ iodide C.U.J. t.fl. Pr.CHEtl (?) i 274). Thick yellowish oil. 

DUthylat^ ethyl iodide. (100°) at 70mm. HEXYL-PARACONIC ACID v. OxY-HEPTvn. 
From di.ohloro.di-ethyl oxide CH^Cl.CHCl.pEt 


vid CH2Et.CHEt.OEt (Lieben, 4. 178, 18). Pro- 
bably identical with the following. • 

£ . , . nr. ynTTT^xT /10er0\ 


HEXYL PENTADECYL KETONE C^.^H^^O i.e. 
C«H,3 .CO.C,jH„. (231°) at 10 mm. Formed hy 


Sec-hexyl iodide Pr.OHEtl. (165°). From distilling a mixture of barium palmitate and 
alcohol and HI (Oechsner de Coninck, Bl barium heptoate (Kratii, B. 15, 1718). 


the algohol and HI (Oechsner 
[2] 25, 9). 


HEXYL SULPHIDE# (CaH,,)2S. 


Sec-hexyl iodide CHMeEt.CHMel. From From petroleum hexane vM hexyl chloride 
oorrysponding hexyl alcohol and HI (Wish- (Pelouze a. Cahours, 4. 121, 291). Oil. 


the oorrysponding hexyl alcohol and HI (Wisli- 
oenus, 4. 219, 310). Liquid; decomposed on 


„ SULPHOCYANIDi; CaH.sSCy 

•distiUation. Zinc and acetic acid reduce ittoH /215°-220°). S.G. '922. Formed by heating 
OHMeEt-CHaMe, a hexylene, and a dodecylene, potassium sulphocyanide at 100° with an alco 
some methyl-di-ethyl-oarbinol being also formed, jjolic solution of hexyl chloride derived from pe 
(Sec-hexyl iodide (CHs)sO.CHMel. (142°). troleum (Pelouze a. Cahours, 4. Ch. [4] 1, 5) 
S.G. Si 1*474 ; ^ 1-442. From the corresponding liquids • * 

alcohol and PI2 (Friedel a. Silva, C. E.*76, 226). 5ec-hexyl sulphocyanide Pr.CHa.CHMe.SCy 
Partially split up on distillation with water into (207°). Prepared by boiling equal parts of ifi) 
HI and a hexylene (70°). * hexyl iodide with potassium sulphocyanide ms 

Hexyl iodide C«Hj,I. ( 0 . 150°). Formed by solved in alcohol (Uppenkt^pip, B. 8, 65). Oil 
combination of HI with the hexylene derived ^yjth alliaceous odour. 

from fusel oil (Wurtz, 4. 128, 22«). ^ ^ n-HEXYX THIOC^RBIMIDE OJa„NCg 

Terf-hexyl iodide OMeEtjI. (142°). Formed pouned by distilling cufrio n-hexyl-di 

by leaving equal volumes of m§thyl-di-ethyl- ^jj^jo-carbamate with steam (Frentzel, J5. 


Sec-hexyl sulphocyanide Pr.CHj.CHMe.SCy 
(207°). Prepared by boiling equal parts of {fi) 
hexyl iodide with potassium sulphocyanide dia 


by leaving equal volumes of thio-carbamate wit 

oarbinol.and fuming HIAq to s^nd in ^e ^m. Pungent oil. ^ 

Formed also from CHj.OT-.OMeEt and HI (Wis- ^^c-hexyl thiooarbimide Pr.OH^.CHMelJcf 
lioenuB, 4. 219, 318; Tsohaikowsky, J, 1872, /logoi h.g. •9'A From (3)-hexylaraine by boi 
; Reformataky, Jiih cs„ and alcohol, eyaporating, aftd hea 

tially decomposed on distimtion e residue with a solution of merenri 

Tferi-hexyl iodide CMejPrl. (142 ). Foimei /XJppenkamp.B.8*66). Oil. Converte 

iheactien of HI on di-methyl-propyl-oarbmol cono^ H,SO, into (^)-hexylamine. 

m (Jawein, 4, 196, 26 ). ,t.HEXYL THIO-UEEA C,H„N.2S i.e. 

ns/NHRNH.C.H.A [83°]. From n-hex; 


860; Eeformataky,/.^. [3], 86, 340). LiquiS; 
partially decomposed on distillation. 

rer/-hexyl iodide CMe^Prl. (142°). Foraei 
by the action of HI on di-methyl-propyl-oarbmol 
or on CMe^tOHEt ( Jawein, 4. 196, 254) 


Terf-hexyl iodide CMe-M. (I4i ). 

1 1*394 j 111 1'373.^ From OMe./.OJIej and HI CS(NHjj)(Nrl.C„ii„). 



J8 HEXTIi THIO-tIREA. 


liocarbimide and alcoholic NH^ (Frentzel, B. 
), 746). Whito^lates (from alcohol). 

Di-n-hexyl thlo-urea OS(NHO,H,8)y ^ [40‘'1. 
btained by heating n-hexylammoniumn-hexyl- 
i-thio-carbamato (F.). White plate® (from 
.Icohol). 

HEXYL-TRIDECIL-EETONE C,„H«0 iJi. 
3«H„.OO.Oi,H,t. (210® at 11 mm.). Formed by 
listilling a mixture of barium heptoate and 
iarium myristate (KraflEt, B. 15, 1717). 

HEXYL.ITBEA. Hep toy I derivative 
0 ,H„NH.OO.NH.CO.OoH, 3. [97°]. Formed by 
the action of KOfi on a mixture of the ami^e of 
heptoio (oenanthoic) acid and bromine (Hofmann, 
B. 16, 769). Pearly plates ; insol. T;at0r. 

Sec-hexyl-urea NH^.CO.NH.OHMe.CHjPr. 
[127®]. (o. 220°). From (i3)-hex3h iodide and 
silver oyanate, the resulting thiorarbimide being 
decomposed by shaking with aqueous ammonia 
(Chydenius, BL [2] 7, 481). Slender needles 
(from water) ; v. sol. water, alcohol, and e*ther. 
Not decomposed by cone. KOHAq below 200°. 

HIFPABAFFIN v. Dibenzoyl derivative of 
Methvlbnb-diaminb. 

■IPPTTKIC ACID OgH^NO, i.c. 
NHBz.CHj.CO5H. Benzoyl-glycocoll. Benzoyl- 
aimdo-acetic aend. Benzamido-acetic acid. Mol. 
w. 179. [187°]. S.G. 1-308 (Schabus, Sitz. W. 
1860, 211). S. -17 at 0°. S. (isoamyl alcohol) 2 at 
9°; 33 on boiling (Campani, B. 11, 1247). 

_ Occurrence.—l. In the urine of herbivorous 
animals and in small quantity (0. 1 g. daily) in 
that of man (Liebig, A. 12, 20; Henneberg, 
Stohmann a. l^utenberg, A. 124, 181; Bence 
Jones, C. J. 16^. 81 ; Thudichum, 0. J. 17, 65 ; 
Weismann, J. pr. 74, 106 ; Wreden, J. pr. 77, 
446; Hofmeister, L. V. 14, 458; Wildt, B. 6, 
1410; Kraut, C. G. 1858, 831; Loew, J.pr. [2] 19, 
809; Stadelmann, J. 1879, 982; Schwarz, A. 
64,32; Weiske, Wildt a. Pfeiffer, B. 6, 1410; 
Hallwachs, A. 106, 164 ; E. Salkowski, B. 11, 600 ; 
Weyl a. Aurep, B. 13, 1092 ; Garrod, Pr. 35, 63 ; 
37, 148 ; Minkowski, J. 1883, 1440).— 2. In the 
blood of oxen (Verdeil p. Dollfus, A. 74, 214).— 
3. In the human ,, epidermis in ichthyosis 
(Schlossberger, A. 93, 347). 

Formation.—^. Excreted by the animal or- 
ganism after introduction of benzoic acid (Bouis 
a. Ure, B. W. 22, 667; Ihe, /. Ph. 27, 646 
Keller, A, 43, 108; Garrod, P. M. [3] 20, 601). 
Quinic acid (Lautemann, A. 125, 9), cinnamic 
aoid (Erdmann a. Marchand, B. J. 23, 646) 
toluene (Naunyn 6.^ Sohultzen, Z. 1868, 29), 
and phenyl-propionic acid also yield hippurio 
aoid when passed through the animal organism. 
Since phenyl-propionic add is produced by the 
pancreatic fermentatj^on of proteids, hippurio 
aoid is, at any rate m part, due to the decom- 
position of proteids (E. a. H. SaK.owski, B. 12, 
654 ; Baumann, BT. i(^ 131). — 2. From benzoyl 
chloride and ’"zinc glycocoll or Pom glyoocoll 
«tuid benzoic acid at 100° (Dessaignes, C. B. 37, 
ifj). The yield is very bad.— 3. From ohloro- 
aoetio aoid and benzamide (Jazukowitch, Bl. 
[2] 8,^861). The yield is ba«.— 4. By heating 
glyooooU with benrsoio anhydride (Curtius, B. 
17, 1662). — 4. From silver glyoocoll and BzCl 
(Curtius, J. pr. [S] 26, 170).— 6. By adding 
benzoyl chloride to an aqueous solution of gly- 
cocoll and making alkaline with NaOH (Baum, 
B. 19, 602). 


Preparaiion. -l. The urine of horses or cows 
is boiled with addition of some milk of lime, 
filtered, neutralised by HCl, evaporated, aoidi. 
fie^ by HCl and allowed to stand, Hippuric 
acid is then deposited as a yellowish-brown pp 
(Gregory, A. 63, l96; c/. iuley, 0. J. 5, 97) 
When horses’ urine is quickly evaporated th 
hippurio acid fs partlj^ converted into benzol 
acid. Crude hippurio acid, obtained as abov( 
is then mixed with rather less water than wi 
dissolve it at 100°. The liquid is then heate 
to 100°rand chlorine passed in until the nr 
pleasant odour of the crude product has dii 
appeared. The liquid is filtered hot, and tl 
aoid that separates on cooling is subjected 
second time to the same treatment, chlorii 
being passed in thiq^^time until the liquid 
bright yeMow. The yield is 66 p.o. of the cru 
acid (T. Curtius, J. pr^ [2] 26, 149 ; cf. Daub< 

A. 74, 202 ; Conrad, J. [2J 15, 242 ; GSssmar 
A. 99, 374 ; Schwarz, A. 54, 29 ; Hansen, J. 2 
1881, 117).— 2. Silver glycocoll is suspended in 
a mixture of benzene (1 vol.) and ether (2 vols.) 
and benzoyl chloride is added. On warming 
AgCl Is formed together with several acids. The 
liquid is evaporated and benzoic removed 
by solution in ether. Three nitrogenous acids 
remain, ^^hdiy are dissolved in NaOH, reppd. 
by HCl, dried and extracted thoroughly with 
chloroform. This dissolves the hippurio acid, 
which is present in greatest quantity. One of 
the remaining acids is hippuryl- glycocoll {q. v.) 
fCurtius, J. pr. [2] 26, 168). The other has the 
formula CmHuNgO^. Both these acids split up 
with formation of hippurio acid when they are 
heated with dilute HGl. 

Prqp«r^ie5.— Crystallises from wator in very 
large trimetrio prisms ; a:6:c = *974:1*161:1. 
Has a slightly bitter taste, and strongly reddens 
litmus. SI. sol. cold, v. sol. boiling, water. V. 
sol. hot alcohol, v. si. sol. ether. Less soluble 
in water os>ntainmg HGl, and hence is ppd. on 
adding a considerably, excess of HCl to cow’s 
urine. Dissolves readily in water containing 
sodium phosphate, the solution becoming acid ; 
in this respect it resembles uric aoid. Insol. 
benzene, CSj, and cold chloroform. Sol. EtOAo. 
Fed, forms, in a dilute solution of vA alkaline 
hippurate, a cream-coloured pp. of basic ferric 
hippurate FeA',Fe50, l^aq, which is moderately 
soluble in excess of feme ohloride (E. Salkowski, 
Z. [2] 4, 313). 

Estimation in urine.— 1. Recently calcined 
MgO is added to 1 litre of urine, the liquid is 
concentrated, acidified with HCl and extracted 
with ether (A. W. Blyth, Pr. 37, 60).— 2. 260 
o.c. of urine are evaporated to 80 0.0., 4 g. of 
sodium phosphate are added, and the evapora- • 
tjon oontinufA to syrupy cousistenoe. Plaster 
of Paris is then added till the mass can be 
powdered, a<ter which it is extracted first with 
light petroleum and then with ether. The * 
ethereal extract is evapoAted. and the hippurio 
acid decolourised with charcoal, crystallised from 
«water, and weighed (Voelkei*, Fr. 26, 402). 

ReacUona.-^, On Mating to 240° hippurio 
aoid begins to boil, giving off benzoic acid and 
benzonitrile (GOssmann, A. 100, 69 ;^imprioht a. 
von Uslar, A. 88, 188).— 2. Boiling aqueous hy- 
drochloric acid splits it up into benzoic aoid and 
glyoocoll. Dilate H2SO4, SNO„ and oxalio aoid 



HIPPUMO ACID. eSi, 

behave in like mannet.-«. By boiling tor half i acid C,.H„NO, [186«].-21. Phtlmlic anhydrid, 

“i It » re- ^elds a compound C„H„N,,0. (E. ErlenLyer, 

Bolyed into glyoocoU and potassium benzoate, jun., B. 22, 792), ‘8 « v j t 

Boiling mUk ol lime does not eSect its htdro - 1 8 \l t i 'tt i 'a . . t i 

'ST.ts-'n'-a.frffi “'kl r-“ “ w“zr. 

converts it into the benzoyl deri\ ative of^glycolUo ^ oiiy-sided summits, v. sol. water and 

acid, with evolution of nitrogen.— 6. When 
boiled with NaOBr an* an excess of alkali for af 


long time, a bright-red powder is deposited on 
cooling (Deniges, C. R. 107, (5G2).— 7. HCl and 
KClOg form ohloro- and di-chloro-hipnurio acids 
(Otto, A. 122, 129). — 8. A cold mix*tureof H^SOg 
and HNO3 forms nitro-hippuric acid. — 9. SO, 


®’|^®®kol, si, sol. ether. Gyrates when thrown on 
the surface of water.— KA' aq : prisms, sol. water 
and alcohol* — KA'HA' aq. — NaA' ^aq : v. sol. hot 
water and alcohol, si. sol. ether.— BaA', aq : 
prisms, sol. water; forms with barium benzoate 
the double salt BaA'2Ba(OBz)2 5aq. — GaA'jSaq : 
trimetric prisms. S. 6-6 in the cold ; 17 at 100®. 
^ ?' 1*32.— SrA'.^5aq: si. sol. cold water and 

gives sulpho-hippuric acid.— y). C/iZonne passed i alcohol.— MgA' 6aq : white nodules, sol. water.— 
into a solution of hippuri# acid in dilute KOH 1 ZnA'jSaq : lamina. S. (of ZnA' ) 1-8 at 17-6°; 
forms benzoyl-glycollic acid, nitrogen being ' 25 at lOO*.— CuA'^Saq: azure prisms, si. sol. 


[134°] (Rugheimer, B. 19, 1169). This body boiling alcohol, insol. ether. — CoA's (Czud- 

crystallises in plates. By distilling hippurio novitch,J.pr. 82,277). -LaA's4.^aq{Czudnovitoh, 
acid (1 mol.) with PClj (2 mols.) Sqliwanert {A. J.pr. 80, 31).— FeA's (Wredeu, C. C. 1859, 562).— 
112, 69) obtained CbH„C1 NO [50°J (220°) and Fe(OH)A'2 (Salkowski, /.pr. 102, 327 ; c^Putz, 
CpH^Cl^IiD.— 12. Boiling with MnO^ and very J. 18^7, 795).— AgA' ^aq : may be crystallised 
dilute HaSO, forms benzoic acid, NH3, andCO_.. > from water. 

13. When heated with PbOj and excess of UNO, j Methyl ether MeA'. [80-5°]. S. '85 in the 
or H^SO^ the product is the di-benz^yl derivative j cold ; 1-3 at 3^0°. Formed by passing HCl into 
of methylene -diamine (hipparallin).— 14. Boil- j a solution of*hippuric acid in methyl alcohol at 
ing with water and PbOj, with addition of only 1 60° (Jacquemin a. Schlagdenhauffen, C. R. 45, 
enough to combine with the lead, pro- 1 1011 ; Conrad, J. pr. [2] 15, 247 ; Campani a. 

duces benzamide (Fehling, A. 28, 48 ; Schwarz, i Bizzari, O. 10, 260). White needles. Decom- 
A. 76, 190), — 16. Ozone oxidises it to benzoic j posed at 260°, giving ofi NHj ^d berizonitrile. 
and acetic acids (Gorup-Besanez, A. 125, 217). — Ethyl ether EtA'. [60°f S.G. ^ 1'043. 

16. By boiling with KMuO^ and KOH all the 1 Formed by passing HCl into boiling alcoholic 
nitrogeji is expelled as NH, (Wanklyn a. Chap- ! solution of hippurio acid (Stenhouse, A.31, 148), 
man, C. t7.21, 161). — 17. A concentrated aqueous ! or by heating amido-acetic ether with benzoic 
solution of ZnClj at 120° forms benzoic acid and anhydride (Curtius, B. 17, 1662). JA^hite needles, 
glyoocoll. Distillation with dry ZnCl^ gives , si. sol. hot water, v. sol. ether. When hippurio 
benzonitrile (Gossmann, A. 100, 69). — 38. ether (5pt8.) is heated with dry NaOEt (Ipt.) to 
Sodium amalgam added to an alka^ne solution 160°, alcohol distils over, and there is left a 
ofhippuricacidforms ‘ ^drobenzurio, acid ’ 1 mixture of two sodium salts, which may be 
OiyHjiNjOa and ‘ hydrobenzyluric acid ’ j separated by water. The less soluble salt, when 
0,„H,jfN04; the latter dissolves in ether, the decomposed by HCl, Vg^^s the di-benzoyl-de- 
former does ndl (Otto, A. 134, 303). Both acids rivative of di-oxy-di-amido-tetramethylene : 
give glycocollwhen boiled with alkalis; the latter “ 

forms a^so benzyl alcohol and hydrobenzoic acid. 


,When hydrobenzyluric acid is heated with, 
alkalis and at the same time exposed tft the air, 
theft is formed ‘hydroxyben zyluric acid ’ 
CjrtH^iNOj [60°-70°], which when left in a desic- 
cator over H^SO^ changes to an acid OieH^NO^. 

19. Pyruvic acid (6 g.) digested with sodium 
hippurate (11 g.) and AOjO (25 g.) at 1§0° forms 
a compound C,2 HbN 04 which crystallises ^rom 
petroleum in flat needles [167°], v. sol. alcohol, 
ether, and HOAc, incol. water. It seems to be j 
an anhydride, for baryta forms the |p.lt 
CijH^BaNO., 2aq (A. Hoffmann, B. 19, 2554):— 1 

20. By mixing hippurio acid with salicylic 
aldehyde and excess of Ac^O and allowing the 
mixture to stand fol®some weeks there is formed 
a compound OS2H34N2O, [160°] (Pldohl a. Wolf- 
ram, B. 18, 1184). Bebuffat (G. 16, 627) by 
boiling sodium hippurate (6^.) with saUcylio 
aldehyde (40 g.) and Ao^O (120 g.) obtained | 
compound OiaHj.NO. which crystallised from 
alcohol in' canary-yellow prisms [186®], and is 
converted by hot aqueous (10 p.o.) KOH into 
beiu^yl-imido-oouiu™ 0„HnNO, [171°] and a& 


NHBz.O<^|2gJ>C.NHBzll38°]; the more 

soluble salt yields the tri-benzoyl derivative of tri- 
NHBz.C:C(OH) — C.NHBz 
amido-phloroglucin I | 

HO.C:C(»HBz).C.OH 

[163'5°-15»6°] (Eugheim«f,B.21,3325). When 
hippurio ether is heated with PCI, for eight 
hours ai 160°, jind the product poured into 
alcohol, ‘ hippuroflavin ’ separate s. It crystal- 
lises from hot HOAc irf ^all yellow crystals, 
and partial^ decomposes, without rnelting, at 
300°. Hippuroflavin ij v. si. sol. glacial HOAc, 
and almost insol. water, alcohol^ and ether. It 

* .NBz.C.CO V 

has perhaps the constitution ^ ll p 

^ \co . c.n8I/ 

(Biigheimer, B.^21, 3321). 

n-Butyl ether PrCp^.A'. [41°^. From 
silver hippurate and n-butyl iodide (C. a. B.). 
Iridescent prisms, insol. waiter, sol. alcohol, ether, 
and chloroform. 

Isohutyl ether PrCHjA'. [46°]. From 
AgA' and isobutyl iodide in presence of isobutyl 
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•loohol (0. a. B.). Iridescent prisms. Decom- 
posed by damp air. 

Isoamyl [28"]. 

Benzyl ether PhCH^A'. [86®J. ?Vom 
k^k! and benzyl bromide (Del Zanna a. Gbares- 
ebi, Atti Real Mil Veneto [5] 6).^Snky 
needles. Converted by HNO. into benzoic alde- 
hyde. 

Amide CgH^NOjKHj. [183°]. S. 1 in the 
cold. Formed by the prolonged action of aqueous 
ammonia on methyl hippurate (Jacquemin a. 
Sohlagdenhauffen, C. R. 45, 1011). Formed also 
by heating hippurio*aoid in a current of NHj'at 
160° (Conrad, J pr. [2] 16, 248). Small thick 
crystals, v. si. sol. cold water, alcohol, and ether. 
Forms an unstable compound with HCI. 

Ureide NHBz.OH,.CO.NH.CO.NH:j. [216°]. 
Formed, together witii another conp^ound [189°], 
by heating ethyl hippurate with urea at 150° 
(Curtiua, B, 16, 767) and by heating hippuric 
acid with alcoholic NH, at 220° (Pellizzari, 
C. 0. 1888, 1350). Silvery plates; decomposed 
by boiling dilute acids into hippuric acid and 
urea. Split up by alcoholic NH, at 260°, giving 
benzamide and EtOBz. 

References.— Bromo-, Culoro-, Iodo-, 
Nitro-, Oxt-, and Sulpho-hippuric acid. 

HIPPTJRYI-GLYCOCOIL Ci.E.^NA le. 
Bz.NH.CH^CO.NH.CH,.CO,H. [2Q7°]. 

-Silver glycocoll (40 g.), benzoyl 
chloride (16’6 g.), and benzene (200 c.c.) are 
heated together until HCI begins to come off. 
The product is evaporated, extracted with ether, 
then with NaOH.^ The mixed acids are ppd. by 
HCI, dried and eihausted with alcohol. The 
alcoholic extract baves on evaporation a mixture 
of hippuric acid and hippuryl glycocoll. The 
greater part of the former may be removed by 
chloroform, and the hippuryl glycocoll is then 
purified by recrystaUising 20 or 30 times from 
30 p.c. alcohol (Curtius, J. pr. [2] 26, 170). In 
this reactioir benzoyl chloride acting on silver 
glycocoll forms silver chloride and hippuric acid. 
This hippuric acid acts fipon benzoyl chloride 
forming benzoic acid aqd Kippuryl chloride, which 
then attacks silver glycocoll, forming silver chlor- 
ide and hippuryl -gtycocoll. 

Prqwrf^.— Satiny trimetric plates (from 
water). The crystals are small, and feel fatty. 
Insol. ether, CHC1„ benzene, and CS, in the cold, 
but si. sol. these solvents when boiling. Beadily 
sol. boiling dilnte (30 p.c.) alcohol. 

Reactions. — 1. B^jiled with HCI or KOH it 
gives glycocoll (2 equivalents) and behzoio acid (1 
equivalent). — 2. At 160° in a sealed tube with an 
aqueous solution containing the calculated quan- 
tity of HGl it splits up into glycocoll and hip- 
puric acid. 

Balts.—AgA': white orystallinv-pp., sol. hot 
waterwithout reduction.-»-TlA': six-sided tablets. 
— BaA'jS^ (?)!» Little plates.— Cu^V 3 Jaq : tri- 
netric prisms.— ZnA', l^aq. 

< :?}thyl ether EtA'. [117°]. Large needles 
(from water). 

Amyie BzNH.CH,CO.NH.flH,OO.NH,. 
[202°]. Terms an unstable compound with HCI 
which is at once resolved by water into its con- 
stituents. 

EISTO-HAMATINS v. Musoui. 

HOFHAKK'S YIOIET V. PxNTi.-MBTHXIr7Bl- 
ljaXDO'DX-PHlU{TL*TOL¥lrCiaBBIKOb 


HOMO-ANISIC ACID v. Methyl derivative of 

OxYuii.ru; .Acu>. 

HOMO-BENZ-AMIDOXIM v. Tolu-amidoxim. 

HOMO-CINCHONIDINE v. Cinchona babes. 

HOMO-FEEULIC ACID v. m-Mcthyl deriva^ 
live of (4:3:1)-Di-oxv-^enyl-crotonio acid. 

HOMOLOGOUS SEEIES. A series of closely 
related compounds of which the molecules differ 
f'rom one another by CHjthr a multiple thereof. 
Homology is usually the result either (a) of the 
introduction of one or more methyl radicles in 
place of the equivalent quantity of hydrogen, 
or (6) of thosinsertion of a methylene group 
between t>yo contiguous carbon atoms ; thus 
benzoin acid C„H,CO^H is homologous with 
toluia acid CsHj(CH^).COJI in the first way, 
and with phenyl-acetic acid 0,,H,.CH2.C0.^H in < 
the second^ way. In tach homologous series 
there is a ^nearly constant difference in the 
properties of any two successive members of the 
series ; this rule, however, does not aimly to the 
difference between the first and second'members, 
particularly where the first member does not 
contain CHj^ Although the alkyl derivatives of 
hydroxylic compounds differ from these com- 
pounds by a multiple of CHj, and might there- 
fore be considered homologous with tne parent 
substance, yet -as they belong to tlie group of 
ethers while' iheir parents are acids or alcohols, 
this cannot be considered a case of true 
homology. 

HOMU-NICOTINIC ACID v. Methyl- 

P-H^DINE CARBOXYLIC ACID. 

HOMO-OXY-BENZOIC ACID v. Oxy-toltjio 

ACID. 

HOMO-FHENACYL-ANILIDE v. a..PnENYL 

AMIDO-PHBNYL-KTnVL KETONE. 

HOMO-PHTHALIC ACID v. Cakboxy-phenyl 

ACETIC ACID. 

HOMO-PKOTOCATECHUIC ACID u. Di-oxi- 

PUENYL-ACKTIO ACID. 

HOMOPYROCATECHIN, Methyl ether of, v. 
Creosol. 

HOMO-PYRROLE in Methyl-pyrrolb. 

HOMOQUININE v. Cinchona bases. , 

HOMOSALICYLIG ACID v. Oky-xoluio acid. 

HOMO-VERATRIC ACID Di-methyl de- 
rivative of Di-oxy-phenyl-acetio acid. 

HOPElNEO^HjoNO^aq. S. -126 at 16°. An 
alkaloid Aiaid to occur to the extent of ’16 p.c. in* 
American wild hops, and of *06 p.c. in English 
hops (Williamson, J. Ph. [6] 12, 460 ; Chem. 

10,491). Brilliant white needles (from dilute 
alcohol). Narcotic. Sublimes partially below 
160°. Siightly Isevorotatory. Its dilute solu- 
tion^ are ppd. by alkalis, PtClj, AuCl,, HgClg, 
picnc acid, and tannin. According to Laden- 
burg {B. 19, 783), hopeipe is identical with 
mprphine, or ip a mixture of morphine with au 
alkaloid that gives no colour with FeCl, or with 
H.2SO4 and nmlybdic acid, and is insol. NaOHAq, 
v. sol. wet ether. 

Lupuline. According to ^Iriessmayer {D. P. J. 
212 , 671, when the aqueous extract of hops is 
distilled with lime or magnesia the distillate 
contains NH„ trimethyla^ine, and an alkaloid 
lupuline. If ‘^the bases be oon verted into 
^hydrochlorides, and these be treated with alco- 
hol, NH^Ol is left undissolved, while Nl^e.^HCl 
crystallises from the evaporated alcoholic sulu- 
'iion, and the mother liqucf contains lupuline 
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ydrooWoride. The base may be obtained by | 
ecomposing its hydrochloride with KOH and 
ihaking with ether. It smells like coniinerhas 
k cooling, but not bitter, taste, and gives the 
lAsnal reactions of alkaloids. Cone. H^SO^ and 
potassium chromate give a violet colour. HNO., 
gives a yellow solution, becoming green or blue 
at its edges, and afterdards colfturlcas. *, 


HOP OIL. At the base of the membranous 
cones of the hop there is a bitter yellow 
powder called lupulin. This powder contains 
resin, wax, a tannin, and a bitter principle also 
palled Lupulin (f/.v.). When distilled with steam 
it yields hop oil, which consists of a terpene 

(175°), and various (impounds contaAiing ' NH CILs^ - . - - 

oxygen (Wagner, D.P.J. 128, 217; Personne, ' 

J.P7i.[3] 26,241.32n;‘2(?,22;Kuhn^ann.C.a \,yra 2 ole/ M#l. w. 100. [215' 

1876, 673). One of the^oxygenatod conatitiients Fornmtwn.-l. Together with urea, by the ae- 
of oil of hops 18 converted into valeric acid by ^.^nc. HIAq at lOO'^ on allantom (Bacyer, 

oxidation, 1 a. 117, 179; 130, 158).-2. Together with a 

HUMIC ACID. Tlie brown or black sub- small quantity of allanturic acid, by the action 

stance, or mixture of substances, produced by 

the decay of vegetable matter. ThI decomposi- 


HYIEHIC ACID CaH„0,. Mol. w. 382. 

[78°]. The glyceride of this acid is said to occur 
together with palmitin ana olein in the anal 
glandular pouches of the striped hyaena (Carius, 
A, 1297 168). According to Schulze a. Ulrich 
(B. 7, 670), it also occurs in the product of the 
saponification of the grease of sheep’s wool, 
(rranules composed of minute curved needles 
(from alcohbl) ; resembles cerotic acid ; si. sol. cold 
alcohol, v. si. sol. ether. Ppd. by alcoholic lead 
acetate sooner than palmitic acid.— CaA', : [90°]; 
whjte crystalline powder.-— A', : white pp. 

HYALINS V. pROTKiDS, Appendix G. 

HYALOGENS v. Proteids, Appendix C. 
HY^jNTOIN CaH.NjO^ ‘ 

Di-oxy-mcla- 


tion is moraoted by heat, air, moisture^ and by 
the prea^ce of putrefying nitrogenous matter. 
Humic acid may be extracted Jrom peaty soil 
by aqueous Na-UOs and ppd. by HCl (Mulder, 

A. 36, 243; De’tmer, L. V. 14, 248). Detmer 
assigned the formula to humic acid, | 

and described it as amorphous, beginning to de- i 
compose at 145°, and requiring 8,333 parts of 
water at 6°, or G25 at 100°, to dissolve it. Alter I 
drying it required 13,784 parts of boiling water j 
for solution. It reddened litmus, expelled COj | 
from its salts, and formed the following amor- 
phous salts. — S. 45. — 

Ca3(NHd,C«oH,oO.,,. - Fe,(NH,).,C,JI,,.02,. - 
Ag.C„H,Ar P-, Thenard (C. 83, 876) do- 

scribed humic acid as C 2 ,H,oO|o. ^ Ulmio acid 
prepared from brown peat is identical with 
humic acid. Crenic and apocrenio^acids (?. r.) 
are, perhaps,producta o#oxidation of humic acid. 
Thejjard obtained it by dissolving crude humic 
acid in potash, ppg. with a slight excess of HCl, 
washing the pp. well, and keeping the spongy 
maos tht ~ 14° for 24 hours. As the mass thaws 
the humic acid separates as a dense pp. Humic 
* acid is not capable of converting atiiospherifl 
nitrogen into NH, (Prevost, C. J. 39, 370; c/. 
Simon, Instit, 1876, 133 ; D6h6rain, C. B. 73, 
1352). Lettenmayer {B. 7, 408) observed that a 
piece of rotten beech-wood which had fallen into 
a cleft of the tree protected from th^ ram, was 
covered with a brittle black layer readily soluble 
in cold water, and was composed of the K, Na, 
and NH. salts of an acid (? humic) contammg 
63-6 p.c. Oand 4*9 p.c. H. When cane sugM is 
boiled for a long time with diftte HCl, HtlC,, 
or H-SOi, there is produced a substance greatly 
resembling humic acid, called Bacoulmio acid 
(q.v.), A brown s^Jstance is formed by “eating 
cellulose with water in a platinum tube at 2M , 
and brown substances are formed by the action 
of alkalis on glucose, cane-sugar, and mSny 
other substances. If all theoe brown bodies we^ 
included in the term humous substances, they 
may be subdivided into three groups : (a) those 
insdl. alcohol and alkalis ; (6) those insol. a coho 
but sol. alkalis; k) those soluble both m alcohol 
%nd alkalis (Hoppe* Sey lor, S. 18,*66). 


of HI on alloxanic acid (B.).— 3. By the action 
of an excess of alcoholic NH* on bromo-acetyl 
bromide (Baeyer, B. 8, 612). 

Piioperties . — Colourless needles, m. sol. cold, 

V. sol. hot, water. Neutral to litmus. Has a 
somewhat sweet taste. Not attacked by boiling 
dilute acids, •but converted by boiling baryta- 
water into hydantoic acid. May be oxidised to ' 
allanturic acid. Ammoniacal AgNO, gives a 
pp. of AgCaH^N-P, aq. 

Hydantoic acid CiHflNjOg i.e. 
Nll 2 .CO.NH.CH 2 .COjH. Urqpiido-acetio acid. 
Glycolluric acid. ^ 

li'omiation. — 1. By boiling hydautoin with 
baryta-water or potash (Baeyer, A. 130, 100'. - 
2. Together with urea, by boiling glycoluril 
C,H«N^02 with baryta-water (Rheineck, A. 134, 
222 ).— 8. By heating glycocoll with a slight ex- 
cess of urea at 120° (Heintz, A. 133, 70 ; Griess, 

B. 2, 106).— 4. By the action of dyanic acid on 
glycocoll; i.e. by heading glycocoll sulphate with 
potassium cyanate, pjjg. potassium sulphate by 
alcohol, and allowing Uie liquid to evaporate 
spontaneously (Wislicenus, A. 165, 103).— 6. By 
heating glycocoll with urea* or, better, by boil- 
ing these substances with baryta-watqjr (Bau- 
mann a. Hoppo-Seyler, B. 7 , 34). * 

Properties. — Monoolinic prisms ; a:b:c 
= •662:1: -535; 3 = 81° O'. M. sol. cold watej 
and alcohol, v. sol. hot water and alcohol, nearly 

Decorfiposed by heating with 
cone. HIAq at 165° to COj, NH„ and glyoocoll 
(Menschutkin, ft. 163, 106). 2. Pure RNO, 
forms a nitro- derivati^, no gas bemg evolved 
(Francliimont, B. T.C. 6,*217). 

Salts.^-These are all, except the Ag salt, v. 
sol. water.-KA' : minute, six-sided febles Md 
rhombohedra.-NaA' aq : extreAely soluble silky 
npftdles — NHA'aq: large crystals, beoomwg 
opaque from loss of NH^.-BaA'- 2aq (at 3^°) : 
amorphous, insol. alcohol.— Pb A', 3aq : nodules, 
— Ag A' : pearlf scales. „ • „ 

Befercnces.—'E^TBYh, Mbthyl-, Phenyit*, Phb- 
nyl-kthyl-,Stybvl-, Nitro- and Thio-hydantoin 
and Hyd-^ntoic ACID. * .. 

HYDRACIDS. As explained in the articlb 
Acids (vol. i. p. 47) those compounds of hydrogen 
which, in presence of water, reitet with 
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oxides, hydroxides, and carbonates, and exchange 
the whole of their hydrogen, or a portion of it, 
for metal, are called The element oonj^on 
to all acids is hydrogen ; but it is only when hy- 
drogen is intimately associated in a contponnd 
with one or more strongly negative elements that 
the compound has the properties of an acid. The 
greater number of acids contain oxygen, but the 
presence of this element is not necessarily ac- 
companied by acidic function, nor is its absence 
proof that we have to deal with a non-acidio 
compound. Solutmns of the following ex- 
pounds contain acias: ELP.HCl, HBr, HI, HCN, 
HSCN, HSeON, H*Fe(CN) 8 , H,Fe(CN)^ 
H,Co{CN)„ H,Co(CN)., HAu(CN)„ F,Ir(CN)„ 
H,Mn{ON)„ HP 8 (CN)«, HjPtjCNU H,Bu(CN)„ 
H,Pt(SCN)„ H 2 Pt(SCN)s, HAuCl,, HBF„ 

H^S, H,SnS„ H 2 CS 3 . These acida, and a few 
more, do not contain oxygen. Acids which are 
not compounds of oxygen are sometimes clashed 
together as hydracids. The name is more par- 
ticularly applied when it is desired to distinguish 
between two classes of compounds of the same 
elements, or group of elements, both of which 
classes are acids, but only one class is formed of 
oxygen compounds; thus we speak of the oxy- 
acids and the hydracids of the halogen elements. 
The terms hydracid is then only a convenient 
word when we wish to emphasise f4he fact that 
an acid under consideration is not an oxygen 
compound. All acids are hydracids, as all are 
compounds of hydrogen. M. M. P. M. 

HYDRACBYLIC AGH) C3Hg03 t.e. 
CH 3 (OH).CH 2 .CO<p. $-Oxy-propionic acid, 
Ethylme-lactic add, {$)-Laclic acid. 

Formation. — L By digesting / 8 -iodo-propionic 
acid with excess of moist AgP, decomposing the 
gresultiug silver salt by H^S, Storing, neutralising 
with Na^COj, and evaporating (Beilstein, A. 122, 
866 ; Sokoloff, A. 160, 167). Acrylic, dihydra- 
^ crylic CeH,oOj, and the isomeric para-adipo-malio 
acids (v. vol. i. p. 63) are formed, but are left 
undissolved when sodium hydracry late is dis- 
solved in 95 p.o. alcohol {^islicenus, B, 4, 622 ; 
A. 166, 6). — 2, Together with acrylic acid by 
boiling ^-iodo-pi'opionio acid with milk of lime. 
The impure acid may be converted into the zinc- 
calciun^salt, which can be purified by recrystal- 
lisation, and tl!en decomposed by H^S and the 
calculated quantity of oxalic acid (Heintz, A, 
J^67, 291). — 3. By boiling /3-iodo-propionic acid 
with a large excess {25 pts.) of water (Thomson, 
A. 200, 81).— 4. By bailing sodium a<;^latewith 
aqueous NaOH (Linne&ann, B. 8, 1095 ; Erlen- 
meyer, A. 191, 281). — 6. From glycol ohlorhydrin 
and ECN, followed by saponification of the pro- 
, duct (Wislicenus, A. 12^ 4 ; Erlenmeyer, A. 191, 
'/ 268).— 6. From ethylbne oxide and HCN and 
saponification of product (Erlenmeyer, A. 191, 
269). 

Properties.— ‘Strongly acid syrup,* .'esolved by 
hr at into water and acrylic acid. Unlike lactic 
acifjt does not yield iodoform when heated with 
iodine and potash (Lieben’s reaction). 

jBeoctione.— 1. Boiling withH,S 04 (1 pt.) di- 
Ittted with water (1 pt.) converts it into water 
and acrylic acid. — 2. Chromic acid oxidises it 
to GO, and oxalic acid. Nitric axid acts in like 
manner. — 3. AgjO oxidises it to oxalic and gly- 
coilic acids.— 4. Potash-fusion gives formic and 
adetic acids.— 5. HI gives /3-lodo-propionio acid. 


Salts. — NaA': [148®]; flat deliquescent 
prisms, si. sol. boiling alcohol. At 260^ it gives 
acrylic and para-adipo-malio acids (Wislicenus, 
A. 174, 286).— CaAV2aq: [140®-146®]; prisms, 
very easily soluble infold water, insol. alcohol. 
Forms with calcium acrylate a compound 
Ca(0,HjO,)(C8H,Oj) aq.— ZnA',4aq : ; tri- 

g inic crystals. 0. 112 a%16*5“ (Wislicenus).— 
aZnAV* crystalline pp. formed on mixing the 
concentrated solutions of the zinc and calcium 
salts. S. 9 at 16°. Scarcely more soluble in 
hot than in cold water. Insol. boiling alcohol 
and ether.— AgA' : delicate prisms and needles, 
V. sol. cold water, insol. alcohol. 

Nitrile CHjj(©H].CH,.CN. Glycol cyanhy- 
drin. ( 221 °) at 72-f mm. S.G. l'U59. S. 
(ether) 2-3 at 16°. Fro;g ethylene oxide and dry 
HCy at 56° '.(Erlenmeyer, A. 191, 273). Liquid, 
miscible with alcohol an^ water. 

Dihydracrylic acid CgHmOj i.e. 
0 (CH 2 .CH 2 .C 02 H)j. One of the prctiucts ob- 
tained by boiling 0-iodo-propionic acid with Ag.O 
and water (Wislicenus, A. 1 C 6 , 39).— Na^A" : 
silky crystalline muss; insol. 96 p.o. alcohol, 
sol. hot 90 p.c. alcohol. Converted by HI into 
/ 8 -iodopropionic acid. Its aqueous solution gives 
with lead nitrate a flocculent pp., sol. excess. 

HYDRAMilD*ES. Compounds of the form 
N 2 R 3 , obtained by the action of ammonia on 
certain aldehydes, chiofiy aromatic, e.g. furfur- 
aldehyde and benzoic aldehyde. They are crys- 
talline solids, insol. water, sol. alcohol. They 
are not volatile, and are decomposed by acids 
into NH, and the parent aldehyde. 

HYDEA8TINE C^iHjiNO^. [132°] (F. a. W.). 
Wd“ -67'8° (2*6 g. dissolved in 100 c.c. chloro- 
form) ; « + 127° in HClAq. An alkaloid dis- 
covered by Perrins (Ph, [2] 3, 546) in the root of 
Hydrastis canadensis, or Golden Seal, in which 
it exists to the amount of 1^ p.o., together with 
berberine, and possibly a third alkaloid, ctina- 
dine (Van dc : Espt, Ph. [3] 3, 604 ; Halo, Ph, [3] 
4, 105; Burt, Ph. [3] 6, 467 ; Lloyd, Ph. [3] 10, 
125 ; Freund a. Will, B. 19, 2797 ; 20, 88, 2400 ; 
Schmidt a. Wilhelm, Ar. Ph. [3] 26, 329 ; Eijk- 
man, R. T. C. 6, 290 ; Power, Ph. [3] 15, 297 ; 
16, 1092 ; Lyons, Ph. [8] 16, 880 ; Mahla, Am. 
S. [2] 36, 67). Occurs also in Stylophorum di- 
phyllum (JUijkman). 

Hydrastine is best obtained by extractingAhe 
root of Hydrastir. with ether, and recrystallising 
the extract from alcohol (F. a. W.). Trimetno 
crystals, a: 6 :c = *846:1: *376. Almost insol. water, 
si. sol. oojd alcohol, v, sol. boiling alcohol and 
chloroform. It has a bitter taste, producing a 
feelin,; of numbness in the mouth. It does not 
appear to bo poisonous. 

Reactions,—!. Boiling dilute nitric acid 
forx >8 opianic atid and hydrastinine. MnO.^ and 
HjSO^ give the same products.— 2. KMnO^, in 
presence of KCl, also forms opianic acid. — 
8 . EMnOf in alkaline soluUon forms hemipio 
acid and pyridine carboxylic (nicotinic) acid.— 
B'HCl.-B'jB^tCle.-B'fHAuCgj.-B'HjSO..- 
Piorate. B'CgH 3 {N 0 g), 0 H 4aq : yellow needles 
(from alcohol), ^ 

V Meihylo ‘iodide B'Mel. [208^. Needles 
(from water or alcohol). With moist AgjO it 
gives crystals [287°]. 

, Ethylo-iodide B'Etl. [200°] (S. a. W.); 
[124°] (Eijkmip) ; [183°] (Poiror). Gives rise to 
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g ™ B'EtClAaOl, [c. 110°], and 

'Eton, which may be oryatalliscd from hot 
water. 

0„H„NO,aq or 0„H.,N0, t!te. 
OHO.O7BL4OyOHj.OH2.NHMe (?J (W. Roser, A. 
249, 166 ). III70]. Obtabii, \ogether Uh 

opiamo acid, when hydrastine is treated with 
oxidising agents (F. a. W.h White^eedles (from 
ligroin), v. e. sol. alcohol %nd ether, m, sol. hot 
water. Orystallises from all solvents with aq. 
Somewhat decomposed when recrystallised from 
benzene or FtOAc. Its aqueous solu^on is 
strongly alkaline and intensely bitter. Ppd. 
from its solution in acids by KOH but*not by 
NH3 or NaaCOj. Reduced by Zfi and HCl» to 
^drastinine dihydride. Boiliig aqueous KOH 
rorms hydrastinine dihydride and oxyhydrastin- 
ine. Mel forms a volatlldP base and m indif- 
ferent oil which yields an oxim [129°]. 

Salts. — B'HCl : [o. 2?2°J ; needles, v. sol. i 
alcohol and water. Its aqueous solution shows ! 
a feeble fluorescence, anH is optically inactive - - i 
B'H2S04 : sol. alcohol. — B'H^CrjO, : slender i 
golden needles, sol. water. Decomposes at 175°. 
— B'HjPtClg. • 

Methyl^iodide B'Mel : slender yellow 
needles, sol. water and alcohol. 

Oxim G.aH.jNOjOHrNOH. [140°]. Formed 
by boiling the base (1 g.) with hydr<fxylaniino 
hydrochloride (i g.) and alcohol (20 c.o.) for a 
few minutes, and then adding NHjAq (Freund, 
B. 22, 457). Needles (from alcohol).— B'jH^PtCl.. : 
crystalline pp. 

Hydrastio acid 08H,N04. [232°]. Formed , 
by boiling hydrastine with dilute HNO, until I 
KOH no longer ppts. the product. Crystalline, 
sol. alcohol and water. Resembles apophyllio 
acid.— AgA'; needles. 

Hydro-hydrastinine OnHuNOj i.«. 

(Eosor), [66°]. Formed 

by reducing hydrastine with zinc ahd HCl. 
White crystals, v. e. sol. aldbhol, ether, benzene, 
and OSj.^ Re-oxidised by chromic acid mixture 
to hydrastine. • 

Salts. — ^B'HOl; [274°]; crystals, si. sol. 
water. — ^B'j^By^tClj ; [216°]; yellow scales.— 
B'HBr ; [272^ ; tufts of small white needles si. 
Bof. water.— B'HI: [232°].— B'^HoCrjO, > rod 
scales ;«explodes at 150°. 

Ethylo-iodide B'Etl: [207°]; needles. 
Ozy-hydrastinine OnH„NO, i.e. 
0,H.O.<°|;]”^>(?) (Roset). [98°]. tabove 

360°). Formed, together with the preceding, Ijy 
the action of aqueous KOH upon hy<|ra3tinine. 
prepared by rubbing up hydrastinine with water 
and potash-ley, shaking, and ad(hng a cold^j 
saturated solution of KjMnjO,, till decolourisa- 
^ tion proceeds slowly; then filtering,^xtracting 
•the residue with ether, neutralising, and eva- 
porating the filtrate (Mtrtin Freund, B. 22, 467). 
Needles, v. e. sol. alfiohol, chloroform, and benz- 
ene. Feeble base. By dissolving in dilute HNO, 
it is converted into a crystalline mtro- derivative 
C,,n,„(N02)NO, [271^, insol. HOi; ammonia, or 
h .1,00 Aq, sol. warm NaOELAq. — B'HCl : [138°] ; 

.v. talline. decomposed by water and by alco- 
l">l. -B'.HjPtCl,: [160°]; yellow needles.— 

h .4li2AuClj: [100°]; fsddish-brown masa. 
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OuHjBrjNOy [o. 

of tha 


Dibromo - hydrastinine 

hydrobromide of hydro-hydras^nine to bromine 
vapour XPreuud). Broad white needles (from 
hot wate^ In solutions of its salts NH,, caustic 
soda, and NajCOj give a pp. which crystallises 
thread-like needles 

[liiO J. ^ 

hydriodide (so- 
called) CuHuIjNC-^HI. [134°]. a’ substance 
formed by boiling hydrastinine for some minutes 
with fuming HIAq (Freund). Crystallises from 
aicohAl m splendid brown needres. 

Con-sfifwifon.— Narcotine C,BH„(OMe),N04 is 
perhaps me^oxy-hydrastine, hydrastine being 
^i9H,5(0Me)P^04. Hydrastinine would then con- 
tain no methotyl, while cotarnine would be meth- 
oxyl-hydrastinm§ (Schmidt a. Wilhelm, Ar. Ph. 
[3] 26, 329). 

HYDRATES. Compounds of water with 
other 0;ompounds or with elements. If Cl is 
passed into ice-cold water a yellowish white 
solid is produced, which when dried between 
paper at 0° forms a white mass of crystals having 
the composition Cl.oHp ; heated to 35° in a 
closed tqbe the crystals separate into Cl and 
water, and on cooling to 15° the compound 
C1.5H^O is again produced. The compound 
C1.5HoO is a hyi^ate of Cl, i.e. it is a compound 
of Cl with water. When BaO is brought into 
contact with water combination occurs, and 
IJaO.ELO is produced; this compound is not 
> changed by the action of heat alone. It is cus- 
' tomary to call BaO.H^O an by dioxide, and to 
regard it as a compound of Ba, O^and 11, rather 
than a compound of BaO with H.p. If water 
is added to CaO (an oxide very similar to BaO), 
combination occurs, and CaO.H D is produced ; 
at a full red heat this compound is resolved into 
its constituents, CaO and HD. The compound 
formed by the union of CaO and H.O is some- 
times called a hydrate, and its formula is written 
CaO.H^O ; but by some chemists it is called an 
hydroxide, and the fori?yila assigned to it is 
CaO-Hj or Ca(OH)2. Corappunds formed by the 
union of molecules of Hp with other molecules 
or atoms, without a rearrangenftnt of the atoms 
of the group Hp, are called hydrates; qpm- 
ppunds formed by a reaction of iflolecules of 
HjO with other molecules or atoms, such that 
the group HD is separated into its constituent 
atoms, which are rearranged in the n*w molecule, 
arecaUedhydroxides. But it is pften impossible to 
tell whether a ^ven compound is an hydrate or an 
hydroxide. The definition given above is a theore- 
tical definition ; wo have no certain moans of telling 
to which class a specified substance belongs. 
Another way of stating the tn^retical difference 
between hydrates and hydroxides is to say that 
hydrates contain water ae such, and tb*t hy- 
droxides conta^ the elements of wrfter. Another 
form of words sometimes used is to speak of 
water of hydration^ or water of crystallisatiattf^ 
and to contrast this with water of constitution. 
Cane sugar, for iiiptanoe, has the oompogition 
i 0,.,^!230„. Did we know nothing about cane 

? ' ugar except its composition we might write the 
ormula OjjHjjO,, as ; but the proper- 

ties of oano sugar make it evident that it is not a 
compound of carbon with water, but a compound 
of 0, H, and 0, in which the H and 0 are in tbt 
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same ratio as in RJO. We may say of cane 
sugar that it is an hydroxide, or that it contains 
the elements of grater, or that it contains water 
of constitution. Copper sulphate, CuSO,, com-' 
bines with water to form blue crystals 
when these crystals are heated to 220° or so, the 
water is all removed, and white CuSO^ remains ; 
tlioseohanges— hydration and dehydration— may 
be repeated indefinitely. We may.say then that, 
the blue crystals of copper sulphate contain 
water of crystallisation. 

The term hydroxide is sometimes used in a 
narrower sense tikan explained above; by .some 
chemists it is applied only to compounds whose 
reactions are best explained by sui^osing them 
to contain the group or radicle QH.- 

The problem suggested by the ^rms hydrate 
and hydroxide is not one merely of nomencla- 
ture ; it is a typical problem of chemistry. The 
two terms attempt to summarise certain concep- 
tions regarding connexions between the. pro- 
perties and the composition of certain com- 
pounds. Here, as in other chemical problems, 
we must study composition and properties, and 
we must beware of divorcing the one study from 
the other. 

When Zn reacts with dilute HoSO^Aq' to form 
ZnS04, know that the ZnSO^ must contain 
the zinc as such ; yet the properties of the Zn arc 
modified by its combination with the radicle SO,. 
The ZnSO* produced is a substance by itself ; it 
has its own properties very difierent from those of 
any of its constituents. In a sense it is hardly 
accurate to say that zinc sulphate contains zinc ; 
zinc sulphate ft a new thing in which the pro- 
perties of Zn, fl, and 0 are merged. Zinc sul- 
phate is as distinctly a definite homogeneous 
kind of matter as any of the elements which 
combine to form it. From it we can obtain Zn, 
S, and 0 ; none of these three kinds of matter 
have we yet been able to separate into unlike 
parts. But when water combines with other 
substances, we are dealing with a body which we 
are able to separate feito unlike parts; and, 
therefore, we may sup^-oso either that the water 
combines as a whofe with the other substance, 
or that a rearrangement of the atoms of the re- 
acting bodies occurs, and that in the new com- 
pound the lelation of the 0 and H atoms are 
different from those which hold good in the mole‘s 
cule HjO. 

The problem is similar to that presented by 
questions about ^he presence of this or that 
radicle, or group ote atoms, in the molecules of 
carbon compounds; it also presents analogies 
with questions regarding molecular and atomic 
compounds. We cannot, as a rule, isolate the 
radicles which, we‘ suppose, form groups of 
dosely related atoms in the molqgules of carbon 
compounds ; we cam, however, isolate the radi- 
cles which fwm groups of closelv related atoms 
. in the molecules, or at least in the chemically 
^reacting weights, of double salts {v. Double 
SALTS, p. 414). We can isq)ate the radicle, or 
groun of atoms, H^O; the molecule, or the , 
cherffically reacting weight, m a hydrate is sup- 
posed to be so constituted that one of its radides 
is the group HjO; whereas this group is sup.® 
posed to be absent from the molecde of an 
hydroxide. If a compound is a hydrate we 
^puld expect it to reveal its constitution by itf 


properties and reactions; the radicle HjO will 
carry with it certain characteristic properties 
different from those which belong to the radicle 
OH. 

The methods by which attempts are made to 
differentiate hydrates from hydroxides consist 
partly in studying the chemical reactions of the 
compounds, and partly in determining their 
physical properties an^ comparing these with 
those of well-defined compounds belonging some 
to one class and some to the other. 

Compounds formed by the reactions of water 
with other ^compounds or elements, and which 
are separated by heat into water and the other 
constitdent from which they have been produced, 
are usually, bu'i qqt in every instance, classed 
as hydrates. Some compounds are decomposedi 
by heat with produc/’on of water and another 
substancij, but are not produced by the direct 
union of water with the other substance; some 
of these compounds are classed as hydrates, 
some are not. Thus the compound CuO^H^^, 
which is decomposed by heat to CuO and HjO, 
is generally regarded as hydrated copper oxide, 
CuO H.P; it is obtained by ppg. a solution of a 
Cu s^t by an alkali, but it is not formed by the 
direct union of CuO and H.p. But tSb compound 
ASO4H3 is nqt called a hydrate, although it is 
resolved b'y heat into As^^Og and HjO (2H3ASO4 
= As,0, + 3U,0). 

The reasons for regarding CuO.^Hj as a 
hydrate, and for not placing A8O4H3 in this 
plass, are based on the chemical analogies of 
these compounds. CuO.^Hj is very similar, in 
its methods of formation and properties, to 
compounds wliich are undoubtedly hydrated 
compounds. AsO ,11, is an acid ; the hydrogen 
of this compound can be replaced fty certain 
metals ; now acids as a class exhibit properties 
which undoubtedly show that they are not com- 
pounds of water. 

Some compounds formed by the reaction of 
water with another compound are classed as 
hydrates, and some iCre not placed in this class. 
A compound may be formed by the union of 
water with another substance, end the compound 
may be resolved into water and the other sub- 
stance, either by the action of heat pr a dehy- 
drating agent, and yet the compound in question 
is not' necessarily placed among the hydratdb. 
Water, for instance, reacts with N^Oj tq form 
nitric acid, and nitric acid loses water, forming 
N,0„ by reacting with PjOj ; yet nitric acid is 
not to bo classed as a hydrate. Here again the 
propeE';ie3 and reactions of the compound formed 

the reaction of water forbid us to regard it as 
a hydrate. The arguments against calling nitric 
acid a hydrate are not drawn solely from the 
reactions of this compound, but also from the* 
'general rearfuions of acids. 

In discussing whether a specified compound 
is or is neft a hydrate, regard must be paid to ^ 
the chemical analogies ofcthe compound, and to * 
the reactions of compounds with which it is 
, allied. Thus it is the custom to regard the com- 
pounds MOjHj, where ]VL= Ca, Sr, or Ba, as hydrox- 
ides rather thjtn hydrates. One of the reasons 
lor this is based on the undoubted similaritii'S 
between these compounds and the compounds 
MOH, where M-an alkali metal. The latter 
compounds are eertainly^ hydroxides ; among 
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ih« reason! for this statement is the analogy in 
ohemioal reaotioTis-~e.^. reactions with acids 
and with POl, — between these compoonds and 
the monohydrio alcohols Tlfese 

alcohols cannot be called hydrates ; they are not 
formed by the union of wtter with the hydro- 
carbons ; they are produced by reactions 

between iodo- derivati^s of the paraffins and 
KOH; they react wim fOlj to form chloro- 
paraffins O^H^+,Cl. The Compound formed by 
the reaction of NajO with H^O may be formu- 
lated, BO far as composition goes, as 
or as NaOH. If the molecular weiglrt were found 
to be 40, the formula NaOH would n%ce8sarily 
be adopted. In the absence of«this evidense, we 
must have recourse to a stuiy of the reactione of 
the compound. The weight of caustic soda which 
reacts with one mtjleculalPweight of hydrochloric 
acid (HQ) is expressed by the number 40 ; the 
same number expresses lihe weight of this com- 
pound whigh reacts with one atom of sodium ; 
hence we adopt 40 as the reacting weight of 
caustic soda ; and hence we write the formula 
NaOH and not Na20.H20 (or NaO^Ha). One 
reason for writing the formula of caustic iaryta 
BaO^Hj an^ not BaO-H^O is found in the close 
analogies between this compound and caustio 
soda. Caustic baryta combines •wUh water to 
form a compound BaO^Ha-SHaO ; this compound 
is said to be a hydrated hydroxide ; a hydrate, 
because 8Hj,0 can be removed by heat; an 
hydroxide, for the reasons already given. A 
great ffiass of data regarding the dehydration »f 
metallic hydroxides and hydrated oxides by 
heat is given in a paper by Camelley a. Walker, 
C. J. 63, 69. 

The apeoific volumes, or molecular volumes, 
of compounds formed by interaction of water I 
with other compounds throw some light on the 
distinction between hydrates and hydroxides. 
The specific, or molecular, volume of a solid 

compound u defined ae this 

# spec. grav. 

quotient may be represented by (7). Clarke 
{Am. a. [3] 8„428) has determined (7) for a 
number of compounds formed by interaotiona of 
water with’ other compounds. He finds that for 
many hydrated chlorides the mean value of 
» (7)M0l2.a;H2O-(7)MCl2 , 

• X 

is 13*76 ; the maximum value being 16 and the 
minimum 12*6. In the chlorides examined M 
was Ca, Sr, Ba, Mg, Cu, Fe, and Co; and x 
varied from 2 to 6. Valuea for (7f for the 
following compounds were also obtained : 
B208.3Ha0, L05.Ha0, K^O.HaO, CaO.HjO, 

BrO.:^, Ba6.HgO„ AljOj.HjO, MnAH^O, 
F620|.H,0. Values were also obtained for f 7) 
for the oxides B^O,, IjO*, KjO, Ac. The difference 
(7) a?HgO-(7) o:Bde 

X 

varied from 7*4 to if *4. 

Hence it appears that the specific volume of 
each TT,0 in hydrated chlorides has a mean 
value of about 18*76, 4md th^ in no case does 
the actual value differ muon from this; bc^ 
that no siipple relation can be traced between 
(7) for an oxide and (7) for the product of the 
Combination of thet oxide with watM in those 
eases in wl^oh fu^ave reason to l^Ueve that a 
11 ^ 


rearrangement of the atoms of the molecule 
H2O has taken place. 

Pe^in (C. cf. 1886. 777) liss used measure- 
ments* f the magnetic rotatory powers of com- 
pounds ^ol. B.) to attempt a distinction between 
water of constitution and water of hydration. 
fMol. B.) of water is taken as unity; if then 
(Mol. B.) of a compound is », and if (Mol. B.) of 
the compound formed by adding water to this 
compound is increased by about 1 lor each H^O 
that has entered into combination, we may con- 
clude that the new compound is a hydrate. The 
following examples are tabAi from Perkin’s 
paper : — 

(Mol. of H.CO2H = 1*671 ; 

(Mol. of HCO2H.H2O - 1*676 + *996. 

(Mol. B.f of CH,.C02H = 2*625 ; 

(Mol. B.| ohCH,.C02H.H20 = 2*626 + 1*029. 

(Mol. B.) of many organic acids mintis 
(MoLB.) of the corresponding anhydride »o. *74. 

(Mol. B.) of 2*316; 

(Mol. B. of H2SO4.H2O = 2*316 + *873. 

(Mol. B.) of H2S0,.H20- 3*188; 

(Mol. B.) of H2S0^.2H20 => 3*188 + *926. 

(Mol. B.) of CCI3.CHO = 6*691 ; 

(M#l. B.) of CC1,.CH0.H20 = 6*691 + *446. 

The compounds formed by the union of 
formic and acetic acids with water appear to be 
hydrates. The compound formed by the union 
of sulphuric acid with water in the ratio 
H2S04:H20 appears to be an hydroxide (Perkin 
thinks it may be SOjOH)4), but the combmation 
of more water with tne compound thus produced 
is probably a process of hydlation. Chloral 
hydrate is probably not a hyfirate, but rather 
trichloro-ethylideno glycol CCl8.CH(OH)2. 

Differences can be traced between the various 
HjO groups in some hydrated salts. Thus 
CUSO4.6H2O loses 4H2O at about 100°, but the 
fifth H2O only at 0. 220°; NajCO.-lOH^O at 
12*6° loses 5H2O, at c. 38° thehydrate Na2C0,.H50 
remains, and complete dehydration occurs by 
heating towards redneSb. (Regarding the forma- 
tion of different hydrafts of the same salt from 
solutions V. Hammerl, m. 3, 419.) Thorpe and 
Watts (C. J. Trans. 1880. lOt) have determined 
the specific volumes of various hydrated and de- 
hydrated sulphates, MSO4.XH2O, where ]ft = Mg, 
Zn, Cu, Mn, Fe*Co, and x varied from 1 to 7. 
Putting (7) S as specific volume of the dry sul- 
phate; they get the following results : — ' 

Mean difference between - 

• (7) S ^1(7)3. HjO-m 

„ - „ 7) S.2H20-18*8 

” „ Ms.3H20==14*6 

7)S.4H20 = 16*4 
!! r, (7)8. 7H20 = 16*2 

Hence each JB[2^ group raises ( 7) to a diffe{eni 

***^Sodium phosphate crystallised from*8olutioni 
at the ordinary temperature has the oompositioi 
Na.HP04.12H-0 *, the crystals which B6]y|y^ 
at 33° are Na2HP04.7H20 ; there are al^y 
drates intermectote between these, and hydrate 
•nth less water man 7H20^ If one of these hy 
drates is heated in a closed sp we water is evolveC 
and the pressure increases tfntil at a wrtein prei 
sure the change stops and equihbnum ts 
duced. A study of the equilibrium-presses ^ 
closes a marked difference l|tween the 
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with 7 and 12 H,0. Debray (0. R. 66, 195) 
gives the followinu numbers 

^ EquiUbritm pressure^. 

T«mp. 

Salt with more than 7 
and up to 1SH*0 

Salt wl^7orl^ 
than7H»0 

12*8° 

7*4 mm. 

4*8 mm. 

16*8° 

8*9 .. 

6-9 .. 

20^° 

141 „ 

4 9*4 

24*9° 

• 18-2 „ 

12*9 „ 

-31*6° 

80*2 „ 

21*8 „ 


It is evident that the distinction between hy- 
drates and hydhMldes is not one which caTn be 
rigidly drawn. One class of compounds shades 
off into the other. There is no meqjps by using 
which wecanirefer anyspeciffedcompound to this 
class or to that. Many reactions mi£t be studied 
for each compound, and the clas^ffcation finally 
adopted is generally only provisional. 

M. M. P. M. 

HTDBAZIDES v. Hydrazones. The phenyl- 
hydrazides of aldehydes and of ketones are de- 
scribed under the aldehydes and ketones from 
which they are prepared. Hydrazides are formed 
by elimination of water between an oxygenated 
body'.and a hydrazine. Elimination q} water 
between an oxygenated body and an amine forms 
an amide or imide. 

HYDRAZIDO-BENZENE STrL^HOEIG ACID 
0. Phenyl-hydrazine sulphonio acid. 

HTDBAZIDO-BENZOIG ACID v. Puenyl- 

BYDRAZINB CARBOXYLIC ACID. 

o-HYDBAZIDO-CIKNAMlG ACID 
NH,.NH.C^,,CH:CH.CO^. [171°]. Prom 
diazo-oinnamio Vcid by converting it first by 
NajSO, into SaiNa.N,.C,H,.CH:CH.COjH, then 
reducing by hydrochloric acid and zinc-dust to 
SO,Na.NH.Nao;R,.CH:CH,COjH, and finally 
** decomposing this by HCl gas (Fischer a. Kuzel, 
A. 221, 276 ; A, 227, 303). Yellowish crystals. 
Nearly insol. water, alcohol, ether, benzene, or 
light petroleum. SoL alkalis and acids. Its 
acetic acid solution bleaches litmus and indigo 
(unlike the simpler hydrsdsines), reduces alkaline 
coi^r solution, and t^feoniacal silver solution. 
'When melted it forms indazole (q. v.). 

Salt.—HA'HCS: [146°]; yellowish crystalline 
DOwder, solnble in avails, reduces Fehling’s so- 
mti<m*in the cold. Heat changes it to indazole 
(q. V.), not into its anhydride. 

Anhydride v. Avido-cabbosttbil. 

^ ' o-HYDBA^IDO-PHEKOL. 

Methyl efAer C,H,(OMe)NH.NH^ [43°]. 
Mdhoxy’phe^Uhyai^sme. From ' 
OJH 4 (OMe).NH.NH.SO,H and cono. HCl (Beis- 
en<^er, A. 221, 819). Slender white needles, 
whiw tom brown in air. Insol. water, v. sol. 
alcohol, ether, and boilzene. Beduces Fehling’s 
Bolption, HgO, and ammoniaoal A^NO,. With 
cyanic ether it forms ^ area (semicarbazide) 
MeO.G.H«.N,B^HH£t [110°] needles. 

S a 1 1 s.— 
fe33-H,(NO^,OH. 

'ILcetyl derivative 0 «H 4 (OMe)N,H^o : 
[126°]; needles. 

0 - SYDBAZIBO - PEBBOL . r.SITLFEOVIP 
A0ID. 

Salt, — H0.0^4.NH.NH.SO,E. From 
HO.OtH(.N,BOtE; aino-dnst and glacial HOAc 
IBeifcncgger, A* 221, 815). \^te plates. 
41(^7 tmit red ^heo moiet.' V, aoh water, 


the eolation being very unstable. Bedooes 
Fehling's eolation. 

Methyl derivative 
Meb.0^4NH.NH.S0,H. 

Salt.— NaA'aq. From 0,H4(0Me)NHa by 
diazotisation and tUbatment with NagBO, (B.). 
Plates. Bedaoes cold Fehling’g eolation. 
Warmed with «f3ono. HCff it forms o-hydrazido- 
phenol methyl ether (q. v.). 

p-Hydrasido-phenol y-snlphonio acid. 

Salt. - H0.0,H4.NH.NH.S0,K. Prepared 
in a similar way from the p- compound (B.J. 
White scales, more stable than the o- compoond. 
Beduces ^old Pehling’s solution. 

p - HYDSAZIDO,- fi - PHENYL - PBOPIONIO 
ACritD. o 

Sodium salt. — i' • 

NH 2 .NH.G«H 4 .CH,.CH 2 .CO,Nfi (E. Fischer a. 
Euzel, A. 221, 282). This salt may be got by 
reducing C,H4(NH.NH.S0,Na).CH:CH.C0»H by 
sodium amalgam in alkaline solutiofi. Precipi- 
tated by adding NaOl and aoetio acid. Small 
crystals, v. sol. water. HCl liberates the acid 
which at once changes into its anhydride, amido- 
hydrooarbostyril (g. v.) [143°]. 

Ethyl-hydrazido-pnenyl-propioniPaeid 
C.H 4 (NEt.NHf).CH,.CH 2 CO,H. Ethyl-hydrae- 
im-hydroci iimniic acid. Formed by reduction 
of the nitrosamine of ethyl-o-amido-phenyl- 
propionio acid by zinc-dust and glacial aoetio 
acid (E. Fischer a. Enzel, A. 221, 204 ; B. 16, 
1461). Beduces Fehling’s solution on warming. 
[Evaporated with glacial acetic acid it changes 
to ethyl-hydro-carbazo-styril. 

Salts BaA', : crystals.— HArHCl. [146°]. 
At 160° it gives off HCl and H,0 Incoming 
ethyl-hydro-carbazostyril. 

Anhydride C 8 H 4 <^^;^^>CO. Ethyl- 

hydro-carhazp-styril. [165*6°]. Long white 
needles, si. sol. water, v. sol. alcohol and ether. 
Insol. alkhlis, may be distilled unchanged. 
Warmed with HCl it cfAanges back to the ethyl- 
hydrazido-phenyl-propionio acid, differing in 
this respect from hydrocarbostydl which is not 
changed by hot HCl. 

laomeride of .the anhydride - 

Oxy-ethyl-aw^-quimU 

im-dihydride. [74°]. Formed by heating the 
anhydride of j-hydrazido-oinnamic acid with 
alcohol and EtI at 100° (F. a. E.). Crystals, v. 
sol. alcohoL si. sol. water. Gives a nitrosamine. 

HYDBAZIDO-TOLVENE 8DLPH0NI0 ACID 

V . Tolyl-hydbazxnb sulphonio acid. 

HYDBAZIMIDO. COMPOUNDS v. o-Amido- 

AZO- COMPOUNDS, Yol. i. p. 870. 

^ HYDBAZI][7N i.e. NHj.NH,. !)%• 

amidogen. Formed by treating diazo-aeetic 
ether with l^t cone. EOHAq, decomposing the 
resnlting crystalline potaesimn salt by HOI, and 
digesting the yellow crystamne acid so liberated 
with very dilate tolphorio add. No gas is 
61 olvsd, bat the solotion beconies ooloarlsss, and 
hydrazine solphate separgtes on cooling (Oo^ns, 
20, 1682). sydraaine snlphate is Wt oh* 
tained by warming tri-azo^acetio ao^d (250 g. in 
2'Utres of wat^ with H,S 04 f 800 g.)n]itil efferyes* 
ocnoe eeasas. iSirther qnaimtiaa may bb obtained 
hm ths nuj^dl^oor ifta«^(bwm solphsta 
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has orystallised out, by shaking with benzoic 
aldehyde, and decomposing the resulting crystal- 
line ooi^ound with dilute sulphuric acid (Curtius 
a. Jay, JV* [2] 39, 27). Hydrazine is only known 
in Its salts and in the form a hydrate 
which is got by heating the hydrochloride in a 
silver tube with quick lime. This hydrate is a 
fuming liquid (119®), ws^ very sKght odour. It 
corrodes glass, attacks coik and india-rubber, 
and has an alkaline and burning taste. Hydraz- 
ine reduces Eehling’s solution and ammoniacal 
. AgNO, in the cold. With CuSO, it givA a thick 
red pp. cf Cu^O ; with HgClj a white pp. of calo- 
mel; with alum a pp. of ^umina. \^^th aro- 
matic aldehydes and ketone if gives sparingly 
•soluble crystalline compounds. Nitrites decom- 
pose its salts with evoluti»i of gas. 

Salts. — NjH4lLSO^ : tables; si. sdl. cold, v. 
sol. hot, water ; insol. alcfthol. Not decomposed 
by heating to 250® ; but at a higher temperature 
it decompoJfes with explosive evolution of gas, 
liberating sulphur.— NaH^H^Clj. [198®]. From 
the preceding and BaCl^. Large regular crystals ; 
V. sol, cold wsfter, m. sol. alcohol. * PtGl^ de- 
composes it with evolution of gas.— B'HCl : [89®] ; 
long white leedles (from hot alcohol). Decom- 
posed at 240® into NH4CI, water, avd nitrogen, v. 
sol. water. — Formate B"(H2C02)2 :fl28®] ; got 
hy heating triazo-acetio acid with water. Rect- 
angular tables. 

Di-benzylidene hydrazine N2(CHPh),. [93®]. 
From hydrazine sulphate and benzoic aldehyd^ 
Long lustrous yellow prisms ; insol. water, soh 
hot alcohol. Decomposed by heat into nitrogen 
and PhOH:OHPh, a by-product being N2(CHPh)a. 
[78®]. TJie molecular weight of di-benzylidene- 
hydrazine has been confirmed by Baoult's 
method. 

Dl-benzyl hydrazine N2H2(CH2ph)y Formed 
by reducing the preceding with sodium-amalgam. 
Its hydrochloride B'HCl [140®] crystallises from 
alcohol in small lustrous tables, v. so?, water. 

Bi-oxy-di-benzylldene^ydrasine 
N2(0H^aH4.0H)^ [206®]. From salicylic alde- 
hyde and salts* of hydrazine. Tables, insol. 
water and cold alcohol. 

Di-nitro^i-bensylidene hydrazine 
Nj(CH. 04H4.N02)3. [181°]. From o-nitro-ben- 
ifoic aldehyde and salts of hydrazine. Gaoui;^? of 
brighh yellow needles. 

Di-oinnamylidene-hydrazine 
N2(CH.OH:CHPh)j. [162®]. From cinnamic 
ald ehyde and hyuazine salts. Yellow tables. 

BCxDBAZINSS. The name * hydrazine ’ was 
applied by Emil Fischer to the then hypothetical 
diamidogM H^N.NH,, which he regarded as^he 
. parent substance of the hy^atvMs, a large and 
important class of bases discover^ by him, de- 
rived from diamidogen by the rlplacement if 
either one or two atbms of hydrogw by monad 
hydrocarW radicles. The name fas intended 
to indicate t^ oonx^tion of these bases with 
the azo- and diazo- compounds, and in particular 
with hydrazobenzene O4H4.NH.NH.OJBf, 
metridia diphenylhydrMine), the oldest khown 
member of the class of we hydAzines, whilst at 
the same tlxM the termination *azine* was* 
formed on t^ analogy of * amine,’ in order that 
a parallel nomendatnre migjit be employed in 
the case nr ooi^raiim^dlna deriyatiTes m the hy- 
giif <00^1 WQi the 


compounds^ would correspond with the amiiuh 
nium compounds {A. 190, 70).^ 

Hydrazine itself has recently been prepared 
by Ourtius, and the analogy between its reac- 
tions ana those of the compounds discovered by 
Fischer fully justifies the foregoing classification. 

The hydrazines are divided into primary and 
Lsecondary, according as one or two hydrogen 
I atoms in the original diamidogen molecule have 
been replaced by hydrocarbon radicles. If the 
two radicles are attached to different nitrogen 
atoms the resulting secondMy hydrazine is 
termed symmetrical \ if to the same nitrogen 
atom it is unsymmetrical. The unsymmetrical 
secondary kydi^azines behave like tei^iary amines ; 
they unite yth the alkyl halogonides to form 
hydrazonium compounds : 

NR'2.«rH2 -I- R'l = N’R',I.NH2. 

Preparation. — Hydrazine NH2.NH2is formed, 
together with oxalic acid, when tri-azo-aceiic 
acid is warmed with water or with mineral 
acids : 

c,H3N,(coohl -I- en^o == 3C2O4H2 + 3N2H4. 

It is as yet known only in the form of its 
salts and of its hydrate N2H4,H20 (Curtius a. 
Jay, J.^. [2] 39, 27). 

The derivatives containing alkyl and other 
radicles are obtained by reactions which have no 
analogy with the foregoing. 

Primary hydrazines. — 1. The primary hydra- 
zines, of which phenyl-hydrazine NHPh.NHa 
may be taken as a type, are most simply obtained 
by reducing diazo-salts with stannous chloride ; 
Ph.N:NCl-v2SnCL+<4HCl 
«Ph.NH.NH2,HCl + aSnCl4 
(V. Meyer a. Lecco, B. 16. 297^.— 2. The method 
originally employed by E. Fischer {A. 190, 71), 
in which sodium sulphite is hsed as a reducing 
agent, is more complicated. It gives in some 
cases a better yield, although occasionally the 
reverse is the case {B. 17, 672). In the fiirst 
stage of the reaction the diazo-salt is converted 
by the sodium sulphitewnto a diazo-sulpbonate : 

Ph.N2Cl + N^SO, =Ph.N2.SO,Na + NaOl. 
Hydrochloric acid is then*added, which decom- 
poses another molecule of so^um sulphite, and 
the liberated sulphurous acid or acid sulphite 
reduces the reddish-yellow sodium Jiazo-stlpbo- 
*nate to the colourless sodium phenylhydrazine- 
Bulphonate : * 

Fh.N;N.SO,Na + NaHSO, + ILO 
= Ph.NH.NH.80,Na + NaHS04. 
Zino-dust and acetic acid ^ added to complete 
the redaction, and the sodium hydrazine-sul- 
phonate is then l^ydrolysed by heating it with 
concentrated hydrochloric acid, when it yields 
phenylhydrazine hydrochteijde : 

Ph.NH.NH.S04Na -»■ HG -I- H,0 
» pirNH.NH2,HCl -I- NaHSO« 
from which the base can be libera^ b/oanetu 
alkali (E. FisBher, A. 190, 78J.— 3. Whw a diaza 
amido-oompound is treated m alcoholic sol ntidl 
with zino-dust and acetic acid the diazo-gfM^ 
is reduced and the corresponding hydrazine h 
formed together flth an amine * • 

•^Ph.N,NHI>h + 2H,- Phjrajra,+ PhJ»H, 

DlMO'-mido-benioM* , 

Ph.NyNEt, + 2H, - Ph.NH.NH, + NHBV 

IltaiobeiuKiM- 

CiettiyUanin*. 

Tbii method if not of praot^ importaiiM 
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sober, i. 190, 77).— 4. The primary hydrazines 
ntaining alkyl radicles cannot be obtained by 
6 foregoing reactions, as the diazo- denvatives 
the alkyls are unknown. They may, however, 

) prepared from the nitroso-alkyl-nr^. Thus 
hen nitrosO'di-ethyl-urea is reduced with zino- 
ist and acetic acid the nitroso- group is con- 
srted into an amido* group : 

" ^^'^N(NHj)Et 

his amido- compound is then hydrolysed by 
eating with fuming hydrochloric acid, when it 
ields ethylhydrfcine and ethylamine : * 

- Et,NH.NH, + NHjEt + CO^ (E. Fis5her, 1. 199, 
187). 

Secondary hydrazines.-— I, unsymme- 
irical secondary hydrazines, both in the fatty 
md in the benzene scries, may be obtained by 
ihe reduction of the nitrosamines with fecetio 
icid and zinc-dust : 

NPhMe.NO -f- 2H, » NPhMe.NH, -f U.,0 
(E. Fischer, A. 190, 146).— 2. The unaymme- 
trical secondary hydrazines are formed, along 
with the isomeric symmetrical compounds, by 
the action of the alkyl hologenidca on the pri- 
mary hydrazines ; thus phcnylhydrazine yields 
with ethyl bromide the compounds NPhEt.NHj 
and NPhH.NEtH (E. Fischer a. Ehrhard, A. 
199, 326). By employing in this reaction sodium- 
phenylhydrazine NPhNa.NH,, instead of fr^o 
phenylhydrazine, only the unsymmetrical com- 
pound is formed : 

NPhNa.Nir, + EtBr - NPhEt.NHj + NaBr 
(MiohaeUs, B. *i9, 2460 ; Philips, D. 20, 2486). 
The unsymmetrical secondary hydrazines formed 
by alkylation are^ identical with those obtained 
by the reduction of the corresponding nitros- 
amines. 

Properties.— The fatty hydrazines are liquids 
boiling without decomposition ; those of the 
benzene series are either solids of low melting- 
point or oily liquids, add boil with partial de- 
composition. Hydr^zi^ie itself and some of the 
fatty hydrazines are diacid bases ; others are 
monacid ; the h^razines of the benzene series 
are ^ monacid bases. 

JF^oeftons.— 1. The hydrazines are very stable 
towards reducing agents, bpt are readily at- 
tacked by oxidising agents. Thus the primair 
'' hydrazines reduce Fehling*s solution in the cola, 
the secondary on warming. By shaking with mer- 
curic oxide the saTui of the primary hydrazines 
are oxidised to diazo- salts ; this is most readily 
shown with potassium phenylhydrazine-sulpho- 
nate Ph«NH.NH.SO|E, which is thus converted 
into the dUzobenzNsne-sulphonate Ph.N:N.SO,E 
(|l. Fischer, 4* ^)* unsymmetrical 

secondf^ hydrazines ate converted by meiourio 
oxide into tetrazojies : c 

r4JlPhMe.NH, + 0, - NPhMe.NrN.NPhMe -t- 2HaO 

Dlmethyl-di-phenyl. 

tdU^na 

2 r.,X^90, 167), whilst thesynrnetrioal secondary 
ydrazines are oxidised to azo- compounds : 4 
Ph.NH.NBdBt + 0 - PH.N:N.Et + H,0 < 

Aco-I^nyl-etbyl 

(B. iE^scher a. Ehrhard, A. 199, 828).— 2. Nitrous 
mverts th^^rinur/ hydrazines into ni-* 


troso-oomponnds ; thus with phenylhydrazine 
Ph.NH.NH, + HNO, - Ph.N(N0).NH, + H,0, and 
when the nitroso- compound thus formed is 
trSated with dilute alkalis it yields diazo- 
benzenimide : 

Ph.N.NH, PIlN-N + H,0 



(F., A. 190, 89). The Aisymmetrioal secondary 
hydrazines, on the other hand, when treated 
with nitrous acid, are converted with evolution 
of nitrc«i 8 oxide into the nitrosamines from which 
they were obtained: NPhMe.NH, •+ 2HNO, 
-NPhMe.N0 + N,0-K2H,0 (F., A. 190,169).— 

3. With Jthe alkyl halogenides the primary 
hydrazines yield a mixture of symmetrical an^ 
unsymmetrical secondary hydrazines, whereas 
Bodium-phenylhydraline giyes only the unsym- 
metrical compound (v. supra). The unsymme- 
trical secondary hydfazinea unite directly with 
an alkyl bromide or iodide to for^ a hydraso- 
nium compound ; 

NEt,.NH, + EtI - N’EtJ.NH, 

^ Trietyylhydrazonium 

iodide. 

That triethylhydrazonium iodide h&s the fore- 
going constitution is shown by its behaviour on 
reduction (>vi^h zinc-dust and dilute sulphuric 
acid, when it yields triothylamine, ammonia, and 
hydriodic acid : 

N’EM.NH, + H, - NEt, -H NH, + HI 
(E, Fischer a. Ehrhard, A. 199, 316-18).— 4. By 
hihe action of acidoyl chlorides on the primary 
hydrazines mono- and di- acidoyl derivatives 
are obtained. Phenylhydrazine yields, by the 
limited action of benzoyl chloride, symmetrical 
benzoyl - phenylhydrazine Ph.NH.NH.CO.Ph, 
which by oxidation in chloroform solution with 
mercuric oxide is converted into benzoyl-diazo- 
benzene Ph.N:N.CO.Ph (E. F., A. 190, 126). By 
acting with benzoyl chloride on sodium-phenyl- 
hydrazino the unsymmetrical benzoyl-phenyl- 
hydrazine Ph.CO.NPlii»NH 3 i 8 obtained (Michaelia 
a. Schmidt, B. 20, 1713). Both these mono- 
benzoylphenylhydrazines, whgn treats with 
benzoyl chloride, yield the same dibenzoyU 
phenylhydrazine, which has therefore the con- 
stitution Ph.CO.NI^h.NH.CO.Ph (E. F', A. 190, 
128 ; 1^. a. S., f.c.). These acidoyl- derivatives of 
the hydrazines are the hydrazides of th^ acids 
and oorrespond with the amides, anilides, < 20 . ‘ 
Thus: 

Ph.CO.NHPh Ph.CO.N,H,Ph 

BmzfliiUlde Benzphenylhydrazida 

(Benzoyl-aniline). (Benzoyl- phenylhydrazine). 

*»A large number of similar derivatives cor- 
responding with the amides and alkyl-amides . 
have been prepared ; thus phenylhydrazine hy« • 
4 roohloride leacts with potassium cyanate to 
form phenylsemica/rbazide ■Ph.NH.NH.OO.NH, 
(the semi-wrea of phenylhydrazine) ; phenyl- 
hydrazine unites with ^bon dioxide yielding 
as product phenylhydrazine phenylcarbazate 
PH.NH.NH.CO.O.N 3 H,Ph, and with carbondisvd- 
%hids to form phenylhudrazine phen/ylihiooarb- 
azate Ph.NH.l^*OB.s!^,H,Ph (corresponding 
respectively with ammonium carbamate and 
ammonium thio-carbamate), and on heating the 

* It 1% tlMr«fore,lnMca»teto apply tbs apM * Miai> 
Usi* to the ‘bytbwwiee’ ^ 

e r 
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?<» 


CS(NH:NHPhj; ffi." f" T'“m; 
in like nianner azidines are known, 
corresponding with the amidines ; thus benuliyU 

diphenylandint (Pinner, B. 

17, 182). — 5. Phenylhydrazine unites directly 
with cyanogen to form dicyanctphenylhydraz- 
iue {F.).— 6. One of tlfe most important reac- 
tions of the hydrazines is that in which they 
undergo condensation with compounds contain- 
ing carbonyl- groups: thus , 

Ph.CHO + HjN.NHPh » Ph.CHtN.NHPh + H.,0 

Beuzylideue-plieujil- 
hvdrazln^ (Beuz- • 
aldel^tlrazone)# ^ 

Ph.,CO + H^N.NHPh - Ph,C:N.NHPh + H,0 

* Ijanzoplieiiouc- 
• pbenylliydruzonA 

In this way phenylhydrazjine may, like hydroxyl- 
amine, be employed in testing for the presence 
of carbony^groups in compounds (E. Fischer, 
A, 190, 134 ; B. 17, 572). The compounds thus 
formed are known as hydrazones {q. v.). The 
reaction is occasionally complicated oy the pre- 
sence of other reactive groups, in addition lo the 
carbonyl giUup, in the molecule of the com- 
pound acted upon by phenylhydrazine; thus 
although compounds containing tha a-ketonc- 
alcohol group — CH(OH).CO — react in the 
cold with only one mol. of phenyl hydrazine 
to form colourless compounds containing the 
.group — CH(OH).G(N.NHPh)— , yet when the 
compound thus formed is heated with excess of 
phenylhydrazine, the alcohol group undergoes 
dehydrogenation, reacting at the same time with 
a second mol. of phenylhydrazine and giving 
rise to a yellow compound containing the complex 
— C(N.NHPh).C{N.NHPh) — . Such compounds 
in which two hydrazine- residues are attached to 
contiguous carbon atoms are known as osazones 
(v. Hydrazomas) and may also be obtained di- 
rectly by the action of the hydraziifes on the 
a-diketones. They are o# great importance in 
connection with the carbohydrates, which may 
frequently b« ^recognised by means of their 
chanvcteristic osazones (E. Fischer, B. 17, 579 ; 
20, 821).^ Again, an unsatprated hydrocarbon 
group, if contiguous to the carbonyl-group, may 
fflso take part in the reaction with phenyl^ydraz- 
ine: « 

CH^CH.CHO + H^^.NHPh 

Acrolein 

N N.Ph 

- II I +H,(^ 

CH.CH,.0H, 

Fbeuylpyruzoiine ^ 

(E. Fischer a. Enosvenagel, A. 239, 194; v. 
also Enorr a. Blank, Af 238, 189). An analogous 
case is that of ethylic aceto-acetatef which reacts 
with phenylhydrazine in the cold with elimina- 
tion of water to form the hydrazonel 
.CH,.C(N.NHf H).CHj.COOEt ; 
but on heating this componnd, it parts with 
alcohol yielding a phenylpyrazolone of th% 
formula • 

N.Ph 


iA» 


the carbethoxyl-group also taking part in the 
reaction (Kuorr, A. 238, 146). Similar complex 
condensations have been deJbribed with iS-di- 
ketones and with some y-diketones (B. Fischer 
a. Billow, B, 18, 2136; Paal, B. 17, 914 ; Japp 
a. Huntly, C. J. 1888, 184). 

Various other reactions of hydrazines are 
known, and some of these are doubtless of 
r general application, although they^have as yet 
1 been applied only in special cases'. They will 
be described under the appropriate hydrazines. 

F' B. J 

ftYDBAZO-BENZENE s-Di-phxntl- 

hydrazine. 

HYBEACO-BENZOIO ACID o- Di-pHBirn> 

HYDRAZINE m-CARBOXYLIC ACID. 

HYDRAZO- COMPOUNDS. Symmetrical di- 
derivatives ol* hydrazine, of the formula 
RNH.NHR' where R and R' represent radicles 
atta^ed by means of carbon to the two atoms 
of nitrogen (c/. Hydrazines and s-Di-phbnxl- 
hydrazine). They are described in this dic- 
tionary as derivatives of hydrazine. 

HYDRAZO-HYDROftUINONE o-Thtea-oxt- 

DI-PHEJiYL-HYDRAZINE. 

HYDRAZO -DI - METHYL - HYDROQVIKONE 

V. Tetra-methyl derivative of Tbtba-oxx-oi- 

PHENYL-HYDRAflNE. 

HYDEAZO-NAPHTHALENE v.Di-NAPHxnxij- 

bydrazine. 

HYDRAZONES. The compounds formed by 
the condensation of substances containing the 
carbonyl group with phenylhydrtftine were named 
by many chemists ‘ phenylhyditzides,’ or more 
shortly, ‘ hydrazides.* E. Fischer, however (J3. 
21, 984), has pointed out t^e impropriety of 
the term. A ‘ hydrazide ’ corresponds with an 
‘amide’; the phenylhydrazido-groupisPh.NjjH,; 
thus the phcnylhydrazide of benzoic acid is 
Ph.CO.NaHjPh. In order to avoid the ambiguity 
which the above erroneous use of this term in- 
troduces, Fischer has pf oposed to name the com- 
pounds in which the dj%d group NPhH.NH re- 
places the oxygen of a ca/bonyl group ‘ phenyl- 
hydrazones ’—the terminaticA one serving to 
suggest their connection with keto?i«« or with 
.carbonyl compounds generally. Further, *08 in 
the very great n^jority of oases it is phenyl- 
hydrazine which is employed in the preparation 
of these compounds, the abbreviated form * hy-’ 
drazone ’ may be applied in^ll such oasee, and 
is to be taken to signify ‘ phenylhydrazone ’ un- 
less the contrary is stated. The nan;ie ‘osazone* 
is, for reasons to be explained later, ap|>lied to 
any compound containing two dyad groups 
NPhH.N~ attached to two* contigsous carbon 
atoms. Thug in the case of the twO eompoui^ 
obtained from glyoxal ^d phefiylbydr|^6 we 


have: 


• CHO 

Qlyozalhydrazone I 

tCH:N.NHPh 


, • CHiNJtHPh * 

Glyoxalosazone I* 

<5e:NiIHPh 

(E. Fischer, l.c,}. 

Formation,— The fact that phenylb^ 
reacts with aldehydes was fi]|t pointed c 



no 
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E,!PiBehet(i. 190 ilS 4 )t thiUKitht)eBioicalcl«- 
hyd«: 

Ph.CHO+H^ JJHPh - PkCHiNOTPh +S,0. 

BeniyUdene-phenylH^dmine 
(Bensaldehydr&sono) * 

Later (B. 16, 661, footnote; 17, B73lf he ex* 
tended the reaction to ketones, diketones, ke* 
tonic acids, and carbonyl compounds generally, 
and proposed the use of phenylhydrazine as a, 
reagent, analogous in its action to hydroxyl- 
amine, to be used in testing for the presence of 
carbonyl groups in compounds. At first (B. 17, 
678) he reoomme§ded that the compound to be 
investigated shomd be heated with an aqueous 
solution of phenylhydrazine hydrochloride mixed 
with excess sodium acetate, to.wIHoh alcohol 
might be added to dissolve the coq^pound ; but 
later (B. 22, 90, footnote) a mixture of equal 
volumes of free phenylhydrazi(ie and 50 p.o. 
acetic acid was substituted. The hydrazone 
generally separates as a sparingly soluble, and 
fluently crystalline compound. The forma- 
tion of a hydrazone under these circumstances 
is a proof that the compound under examination 
contains at least one carbonyl group in the 
ketonio or aldehydic form, attached with 
both its affinities to carbon atoms, 6r to a 
carbon and a hydrogen atom, or to two hydrogen 
atoms. Oarbonyl groups attached with one or 
both affinities to oxygen or to fiitrogen— as in 
CO.OH, GO.NH,, Ac.— do not react with phenyl- 
hydrazine. In some respects phenylhydrazine ia 
to bo preferred as a reagent to hydroxylamine : 
it is more readily obtained, and compounds con- 
taining more then one carbonyl group frequently 
react with twocmols. of phenylhydrazine, thus 
showing the presence of two carbonyl groups, 
when they would only react with one mol. of 
hydroxylamine. •The hydrazones of mono- 
carbonyl compounds are formed like the alde- 
hydrazones sdready mentioned : thus, acetone- 
Aydrason«(CH,),C:N 2 HPh, exidiphenylliydrazone- 
fyrwvic acid CH,.C(NjHPh).COOH. The action 
of phenylhydrazine on vlicaTbonyl compounds, 
however, varies with thecrelative positions of the 
two carbonyl groups. * a-Dicarbonyl compounds, 
in which the twqpcarbonyl groups are directly 
united, react either with one or with two mols. of 
phenylhydrazine, according to the proportions 
employed, to form respectively hydrazones and 
osazones; thus, diacetyl C£[,^O.CO.CH, yields 
»^diac$tylm<mohydrazone CH,.C(NjHPh).CO.CH, 
and d^acetyldiiaeone 

OH^C^^h),O(N^h)*0H, 

, (v, Peohmann, B. 21, 14181. Glyoxal and benzil 
form similar osazones (Pickel, A. 232, 230). 
jB-Bioarbonyl compounds, m which the two 
carbonjrl groups ar^separated by a carbon atom, 
react with one xnoh of phenylhydi^ine to form 
an unstable hydrazone, whion spontaneously 
parts with water yieldii^ a pyraeole : 

Ph.ca:CEt00.CH, + Ph.NH.NH, 

Bentoylaoetooe 

N.Ph 


- .1^0 


, X0H,+2H,O* This ereaction does not, 

Ph.OH 

Ifethyl^iphMiyl-pynuMW 


* Abtawriatlim for * 
fSm 


'bydmioaV ifte 


however, oooui with /3*diketoneB oi the form 
— CO.OBVCO^, in which both hydrogen atoms 
of the methylene group are replaced by alkyls 
(Fischer a. Billow, B. 18, 2186 ; Knorr, A, 288, 
189). y-Dicaxbonyl compounds, in which the 
two oarbonyl groupie separated by two carbon 
atoms, react sometimes with 2 mols. of phenyl- 
hydrazine to form dihydrazones, thus : « 

0H,.C0.0Hj.CH,.C0.6SH, + 2Ph.NH.NH, - 

Acotonyl-acotoue 

CH,.C(N,HPh).CH,.0H,.0(N,HPh).CH, + 2H,0 
(Paal, B, 16, 60), and sometimes with only 1 
mol. of phenylhydrazine, eliminating, however, 

2 mols. of water : 

CH,.OO.CH,.CH,.CO.O,H, + C,H4.NH.NH, . 

Abetonyl-acetopheDOQe 

=.0'H,.N, + 2H,0. . 

The constitution of tlm compounds of the latter 
class is unknown (Paw, B. 17, 914). 

Allusion has already been made to the simi- 
larity in the action of phenylhydrazine and of 
hydroxylamine on oarbonyl compq^inds. The 
phenylhydrazo- group N.NHPh corresponds with 
the hydroximido- group N.OH. V. Meyer has 
shown that hydroximido- (isoniti^so-) compounds 
are al{>o formed by the action of nitrous acid on 
compounds containing the group QH, or CHR' 
attached to two electro-negative radicles, B' being 
a readily ^isj[)laceable radicle (acetyl or carb- 
oxyl). Japp and Klingemann (0. J. 1888, 628 ; 
B. 20, 3284 and 8898 ; 21, 549) have found that 
by the action of diazo- salts on compounds which 
yield hydroximido- compounds with nitrous acid 
^r on their sodium compounds) hydrazones are 
formed.' The following equations, in which for 
the sake of simplicity /ree diazobenzene is em- 
ployed instead of a diazo- salt, will illustrate 
the analogy between the action of niUrous acid 
and diazo- salts on compounds of the above-men- 
tioned type. 

Thus with ethylic aceto-acetate the reactions 
may be expressed as follows : 

OH3.CO.GH,.CO,C,Hj -f HNO, 

- CH,.CO.O(N.OH).CO,0,H, + H,0 
Btbylio hydroximidcHMeto- 

glyoxylata e 

and OHrOO.CH,.CO,0,H» -i- i>h.N,HO 

Diaxobeazeno 

- CH,.OO.C(Nj,HPh).CO,0,H, -j- 13,0. 

Btbylio pbenylbydnurone- . 

aoeto-glyoxylate 

In the case of monalkyl derivatives of ethjlio 
aceto-acetate, the acetyl group is expelled ; 

CH,.CO.CH{CH,).CO,C,H, + HNO, 

-0H,.C(N.0H).C0,0,H.+ 0,H40, 

BtbyUo hydroximido- 
pyruvate 

anil 0H,.C0.0H(0H,).C0,0,H, + Ph.N,H0 

- CH,.C(N,HPh).00 AH, -f. 0,H40^ 

Btbylio phenylbydQraiono- 
^ pyruvate 

With /res aceto-aoetio acid, or monalky 
aoeto-acetiojuMuds, the carboxyl group is eliiL- 
Dated instead of the acetyl jzroup : ' 

OH,.OO.OH,.dOOH+ HNO, 

» OH,.OO.OH:N.OH d- 00, + H,0 

c PyruTiUebydrozlme ' 

and 0£(,.0a0H,.C00H+Ph.N,H0 
«CH,.OaOH;NAPh + C0,+H,0, 

Pyravaldehydrazoue 

* Beyer and Otaieen have, however, ihown that In oev* 
tain oasei r'-*^ 'wmoounds are lentaed (A II, 



ttwjto witii diazo- 1 and as the oommnd issTiUma k tUi 


TU 


i ea«evi 
aoUoxk ot 


cm mCifWTlPU rw L: — wan inai oDlomed by van acuon ol 

iLAArin iiftirt viAl«lo tv I (v* sw-p*®) and bthaceto- \ ^nzaldeliyde on nnsymmetrioal benzyl-pbeuyV ^ 
acetic Mid yiel^ the corresponding oomppund hydrazine, it is thus proved ftiat the hydrazones 
ol Ihe lormula CH,.CO.C(NaHPh).ap,. Those have the constitution E'.OH-.N.NHPh and not. 
ol the loregomg hydraz^es which contain a | as wS9 otherwise conceivable, the constitution 


carbonyl group contiguous to the phenylhydraz- 1 
one group may be made to react with phenyl- 
hydrazine to form osaAones (JA. E., l.c.). \ 

Phenylhydrazine is capable of expelling the 
bydroximido- group to form hydrazones : 

Ph,C:N.OH -H Ph.NH.NH, . 

Dlpbenyl-aoetozime * 

- Ph,C:N.NHPh -I- NH,.OB. 

Beuzopbeuone- « « 

phenylhydrazon^ • , 

(Just, B. 19, 1206). . ^ , 

Properties.— X. few of the hydiazones are 
liquid, but the majority are crystalline solids. 
By warming the solution of a carbonyl compound 
with phenylhydrazine and determining the melt- 
ing-point ol the hydrazone formed, the hydraz- 
one, and thus the carbonyl compound from 
which it is deeived, may frequently 'be identified. 
Many of the hydrazones decompose on ftielting ; 
in determining the melting-point, therefore, the 
temperature must be raised as rgipidly as is con- 
sistent with accuracy, otherwise top low a melt- 
ing-point will be found (E. Fischer, B. 17, 573; 
20, 827). . , 

Eeactions. — 1. The hydrazones are, readily^] 
reduced either with sodium amalga/m and acetic 
acid or with zinc-dust and acetic acid. Accdld- 
ing to the length to which the reduction is 
carried the hydrazone either takes up two or four 
atoms ol hydrogen— in the latter case with dis- 
ruption of the molecule at the point ot union 
of the nitrogen atoms. Thus phenylhydrazone- 
pyruvio acid OH,.C(N.NHPh).COOH yields in the 
first stage ol reduction benzene-hydrazopropionic 
acid CH,.OH(NH.NHPh).COOH (E. Fischer a. 
Jourdan, B. 16, 2248), and this by farther reduc- 
tion breaks up into alaiiine CHj.CH(NHjj).COOH 
and^miline (Japp a. Klingemann, G. J. 1888, 
5S6)r This latter mode of reduction into a mix- 
ture ol two bases was discovered by Tafel (B. 19, 
1924),, who proposed to eipploy the reaction as a 
method of preparing primary amines from carb- 
onyl compounds ; thus benzaldehyd^ could be 
converted, by the reduction of its hydrazone, 
into benzylamine. — 2. The action of heat on the 
hydrazones has not been much studied. Many 
of them decompose when heated, yielding 
amongst other products aniline, \%hen alde- 
hydrazone is heated lor some time to boiling it 
is partially converted into diacetyl-osazene (t>» 

2ch;.ch™ ^ 

- CH,.C(N,HPh).C(NjHPB).CH, + H, • 

(Japp a. Eingemann, 0. J- 

the action of sodium and an alkyl halogemde on 

a hyd^one (PhJtps, B. 20, 2487), an alkyl 

group may be introduced; thus with benzalde- 

hydrazone: 

Ph.OH;N.ft<^^ H«Ph.eH*Cl 


Sodium alcoholates 


Sodium bencaldo- 
hydrasone 


•Jh.0H:N.N<Q^j,jj+'Na01 ; 


/NPh 

R'.CH< \ (Philips, I.C.). 

^N^ 

may be substituted for sodium in. the above re- 
actions (Landsberg, C. J. 1888, 619).-- 4. By 
heating a hydrazone with an anhydride of an 
organic acid an acidoyl grounmay be introduced; 
thus, benzaldehydrazone, when heated with 
acetic anhydride, yields the compound 
Ph.CH:N«^(p,H,0)Ph (Michaelis and Schmidt, 
B. 20, 171Jn.).— 6. By heating hydrazones with 
mineral acids they may generally be hydrolysed 
into the carb Jhyl- compound and hydrazine from 
which they are derive(l (E. Fischer, A. 190, 186). 
The hydrazones of a-ketonic acids, however — 
thus, of pyruvic acid — are not hydrolysed by 
dilute mineral acids, whilst with strong acids 
they undergo complex decomposition (E. Fischer 
a. Jourdan, B. 16, 2243). Some secondary 
hydrazones are converted by hydrochloric acid 
into Indole- derivatives, ammonia being elimi- 
nated in the process : 

CyH-Vv vr VT r* 

ch3>^-^-^xco6h 

Hethyl-phenylhydrazoue-pyruvic acid 

-CoH/ ^c.cooh + nh, 

Methyl-ludole-ciirboxylio acid 

(E. Fischer a. Jourdan, B. 16, 2249 ; E. Fischer, 
A. 236, 116). — 6. If a phenylhydrazone contain 
a methyl- or a methytene - group direct^* 
attached to the carbon atom of the original 
carbonyl-group, it may generally be converted 
into an indole- derivative by heating with zinc 
chloride. The reaction occurs with elimination 
of ammonia, and resirables the foregoing forma- 
tion of an indole- d#rivative by the action of 
hydrochloric acid, but ys applicable to primary 
as well as to secondary hy(JjrazoneB : 

C,H..NH.N;C(CH,),= ciH,<^^C.CH, + NH, 

Acetone-phenylhy^zone Methyl-kotolo 

(E. Fischer, A. 236, 116). Aldehydrazonc, h^ 
ever, when heated with zinc cWoride, does not 
yield indoje, but its ho^logues are converted 
into homologues of indore. 

Some hydrazones undergo specific chemica] 
changes, not geheral to the class, but depending 
on the presence of ce^jtain reactive groups ii 
the molecule of the partichlar hydrazone. Sue! 
changes afe, for example, the formation «of, t 
pyrazolone from thfe hydrazone ethyli< 
aoeto-acettte and of pyrazoliiffes from the h y 
drazones of unsaturated carbonyl- oompw«aj 
(t7. Hydrazines). ’ 

Osazones. As already mentioned, the uami 
osazone denotjs a compound contaixyng in it 
molecule two dyad groupe NP^iH.Ni: att^et 
to two contiguous carbqp atoms. E. Fisohe 
(B. 17, 679) obtained from carbohydrates a aerie 
of characteristic compounds foriped by th 
introduction ol ^wo phopylbydraxone grobS 
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StimAJKOTB. 


Into the nioleoole of • oerbohydrtte (v.ififra)- 
Xh6 oonapoTuid from dextroso was termed 


with dilate acids (v. PedusiartB* S» 41» 9753), ci 
by heating (Auwers a. ^ 

the latter process giving the better yield * 

OHrt:N.NHPh_CH..Oaf. 


1 OH,i:N-NHPh 


flolootosasone, and so on. Later, when ft was 
fonnd that in these oompoands the two nhenyl- 
hvdrazine residnes were in oontigaons positions, ujti,.v;rt j.*i. « 
the name ososone was appUed to aU Diaoetyi-osaxone 

Sntaining this particnlat grouping (B. Fischer, . . 

B 21 2S5V » < W- ^ hydrazone-hydfoiim by the action ol 

’■Various methods lor the preparation olU^g^^oridesol phosphorus: 

- iicetTA alTAndv been incidentally men- 


Dimethyl-pUenyl- 
osotriasone 


various memoua lut — 

osazones have adready been inoidentaUy men- 
tioned in the course ol this article. Thus, they 
are formed (1) by thft action of 2 mola. of phe^l- 
hydrazine on an a-dicarbonyl compound i (2) 
the action ol 1 mol. of phenylhydrazine on a 
hydrazone copteining a 

tiLous to the hydrazone-group, such by drazones 
beinff formed as intermediate products in the 
first-mentioned reaction ; and (3) i6y heating an 
aldehydrazone. In addition to their formation 
by the foregoing reactions, 
already described, osazones may be obtained 
141 bv heating iso-nitroso-ketones, m which the 
iso-nitroso- group is contiguous to the carbonyl- 
' group, with phenyl-hydrazine : 

CH,.CO.CH(N.OH) + 2Ph.NH.NHj . 
laonitroBO-aoetone 

« 0H,.0(NgHPh).CH(N2HPh) + NH^.OH 

Pyruvaldehydc-osttzone « 

(v.Peohmann, jB.20,2543). They are also formed 
{6) by the action of phenylhydrazine on com* 
pounds containing the group ~CH(OHj. CO , 
tiius, on a-ketone-alcohols and a-aldehyde-alco- 
hols: and it is <*he members of the carbo- 
hydrate family beVxnging to these classes which 
yield osazones. In the cold-unless on long 
standing— only the carbonyl- group reacts with 
•■tenylhydrazine, afid a hydrazone containing 
Xe group -CH(OH:).C(N^h)- 18 formed; 
but this compound, on heating with excess of 
phenylhydrazine, is converted into an osazone, 
&e iooliol- group ulso taking part m the re- 
aotion. The mol. ol hydrogen which la removed 
fn this process reduces •a moL of phenyl- 
hydmine to aniline ancbammonia : 

— OHiOHl.CO— + 3NHPh.NH, 
«-C(N^h).Cra^h)- 
+NH^h + N&, + 2H,0 

(B. JiBoher, B. 17, 679 ; 20, 821 f 21. 988, 2681). 
MpDicarbonyl' compounds, on the other band, 
rSct with exceft of phenylhydrazine to form 
osazones even in the c6id> ^ 

The osazones are of a yellow colour: the 
yellow colouring matters known m ^tertrazines 
ire the osazones of dihydroxytaitano acid. 
Gone, sulphuric acid dissolves the various 
osazones, giving characteristic colou^ons, and 
the solution generally exhibits so^ definite 
colonr-chaage on standing tJapP a.Klmgemann, 
B. 21 649)* Fuifiing hydrochlonc oCid hydro- 
sic'tJiC osazones in the cold into phenyl- 
rdrajEl::e and the e-dicarbonyl- compound from 
nich they are derived (B. Fischer, JB. 21, 

1311a ^ 

Osotrlm^es. The^nsotriazones contain the 

-r<VNv 

kaw^-dialn c<nnpl« They«» 

ttmid: h ikwatbop»Bonesaitberby 


.Ph + HjO 


OH,.l!:K.Nkph 0H,.O:N'^ 

Dlacetyl-lfyiirassone- 

hydroxii?! “ ^ ^ 

/y. Pechmann, l.c.). -3. ^From the osotetrazones 

^he osoiriazones are^feebly^asio, very stable 
compounds. *' ^ . 

Osotetrazones. The osotetrazonq^ contain 
— C=N— N— 
the dosed-chain complex I „ I • 
t> — ^ — N~N— " 

are obtained by oxidising the osazones with 
potassium dichromate in dilute acetio^cid solu- 
tion: 

CH..C:N.l^HPh CH,.C:N.N.Ph 

I + 0 “ 11"^ 

CH3.C:N.NHPh CH,.C:N.N.Ph 

Diftcetyl-osazone Dlacetyl-osotetTMone 

V. Pechmann, B. 21, 2755). They are dark, 
ref neutral oomponndB, the formation of which 
has been recommended as a charactenstic test 
for the osazones (v. P.). 

By boiling the osotetrazones with « dilute 
hydrochloric acid they are converted into oso- 
triazones : 

0H,.0:N.N.Ph 


i: 


CH 

aa,.c:N 


:N.N.Ph 


+ H3O 


1’ NN.fti + NH3Ph + 0. 

0H3.0:N/ 

Dimethyl-phenyl- « 

oBOtrlazone 

The oxygen is not libeiated, but oxidises fi por- 
tion of the substance (v. Pechmann, B. 21, 2767). < 
" Neithet: the osotriazones nor the osotetraz- 

ones have been much studied. F. 

HYBBAZOPHBNINE CaeHjjN*. [174]. 
Formed by heating azophenine with alcoholio 
ammonium sulphide at o. 140°. Colourless 
needles (Oi^ Fischer a. Hepp, B. 20, 2488). 

HYDBAZO-PHENOL V, Di-oiY-nx-PHBNYii- 

HYDBAilNK. 

hydeazo-diphehyl . 
cA.O.H«.NH.N;fLO,H,.OA. Di^diphenyl hy^ 
[247°]. Prepared by reducing azoxy- 
dinhenyl with idcoholio ammonium sulphide 
(Zimmermann,^. 18, 1961). White ^arly 
plates, insol. water, si. sol. atfeohol and HOAc, 

m. sol. ether. _ 

j^BAZO-PHEHYL-METHYL v. s-Phenyl- 

^^SSoafPHTHAlO AOU) n. Dr- 

PHtofYL-HYDEAZINB T BTBf-O ABBOXItJO kOW, 

HYDBAZO-TOLUBEEu. Dl-TOnSL-HYDBiZIME, 
HYBBAZO-TOtiriBnrE p. M* 

tOBnrHYPBiZIHB* ^ 



nzi/ifjuisisjMZOIN. 

®*-*tt»TL-aTDBAannB. 
mMAXmMtX V. Azroino acid. 

ATPBXDS8* Bliuury oompoondfl of hydrogen. 

Hydrogen forme bini^ compoimde with alTthe 
dlfitinotly non-metaUio element!, edso with Ka 
“I and there 


■?• *• 678; SemoMdskr 

[2] 6-668i M“Cn: 




ptob.*\, a deftnite but mtiXiThySe 

ol B d, and peihape ol jine or two o! the oth^T ' 
ptatmum metaU. Th«9 ate aUo indicatioM ol 
hydrides o! K and Na. 

««««« hydrides may be classified 

in aocoxda^e with their composition as feilowa :— 
(i.) HM : HP, HCl, HBr, HI. - 
ii.) : H,0, H,S. H,Se. H^Te. • 

(ly.) H,C, H^Si. ♦ • 

(V.) Fo^ : H, 0 ,,.?aS 3 , H,P„ H,N,; nu- 
merous hydrocarbcyis. • 

A definite hydride Cu, Cu^H^, has been 
obtained. It decomposes at 60° into Cu and H. 
K and Na gbsorb H rapidly at c. 300° ; com- 
pounds, KjH and Na^H, appear to be formed. 
Pd, Pt, Pe, Ni, Au, and some other metals, when 
used as the negative electrodes in the^lectrolysis 
of water, absorb considerable quantities *of H. 
A compound PdjH is probably formed. In the 
other oases it is doubtful whetW the absorption 
is purely physical, or partly chemicaVand partly 
physical. As a class, the metals do not form 
definite hydrides, while the non-metals do form 
hydrides. The greater number of the nqp-me- 
tallio hydrides may be produced by direct union 
of their elements ; a few are produced by evoli/4 
ing H in contact with solutions of compounds of 
the elements, e.g. AsH,, and a few by m(»re indi* 
rect methods. 

The ifon-metallic hydrides vary much in pro- 
perties: HCl, HBr, and HI are strong acids; 

is a yery weak acid ; NH, is marke^y alka- 
line; PH, is feebly alkaline; H^O is neutral; 
hydrocarbons differ extremely in their proper- 
ties, although none is either distinctly an acid 
or an alkali. Some hydiides are easily decom- 
posed by heat, e.g. H^Oj, HI; others are ex- 
tremel;f stable a| regards the action of heat, e.g. 
H01, H,0. M, M. P. M. 

HTB]|I]fDI0 AOID is a.qxy-o-AMU>o-FHENYL- 
AOXTio Aom, of which di-oxindole is the an- 
kydndo* 

HYBBINBIKE v. Indine. 
EYDBINDONAPHTHENE v. Indonafhthbnb 
nminBiDB. 

HYD BIODIO ACID v. Iodhtobio acid, vol. iii. 
HTDB0-. Organic compounds whos^ names 
begin with this prefix will usually be found de- 
scribed as hydrides of the substances to whose 
names it is attached. 

Um of this ^efix ItppUed to in^gatUo aoids 
(md salts. For hydro- acids and /^dro- salts •. 
tile am^ or salts sought for. Thus, hydrofluo- 
boric add will be found under BoBOiLuoBHYDBzo 
Acm ; hydroferrocyart^ add will be found under 
PaKBoOYANHmBio Aom; hydrofluosilioatss will be 
found under Shjoatbs. 

HTBBO-AOBIDINE «. AoBmiira ooroHif 
* 

&TDBO>AiaSOXN 
0,H4{0Me).0H(0H).0H(0H).0,H,0Me. 2X- 

msthoxy^hydro-bensoVn. [170®-172°]. A small 
guantiW of this b^y is formed from anisic 
•ddeh^o in etherw solution by sodium amal- 


A. 22& 7 m ’ L^J 0. sea ; M. Wallaok 

m. sol’ eSet, v 

tiUed in a ounent 

^nc.raOjtonnanitio-anl8ic aldehyde. Cfi«o. 

c™“:oo a 

solution of anisic aldehyd^ which has been 
treated with sodium. Slender interlaoins needles, 
y. e. sol. alcohol and ether. 

Deoxya^oin C,.H,.0,. [96°]. Fomed by 
boiling hydrp-anisoin or iso-hydra- anisoln with 
dilute H,SO;. Tufts of needles, y. sol. alcohol 
and ether. Oxidised by chromic acid mixture to 
anisic aldehyde and anisic acid. 

^lomeride of Deoxyanigoin 0„H,„0,. [216°]. 
Formed by the action of Zn and HCl on hydro- 
anisoin or on anisic aldehyde. Crystalline; 
insol. ether. 

HYDBO-ANTHBACENE v. Anthracbnb ht- 
DBiDB. A hydride [88°] (o. 270°) has 

been obtained by Lucas {B. 21, 2510) by heating 
anthracene (3 g.) with red phosphorus (3 g.) and 
HI (16g . of S.G. 1*7) for twelve hours at 250°. 

HYDBO-ANTHBACENE CABBOXYLIO 
ACIDS V. vol. i. p. 278. 

^ HYDBO-ANTHBANOL v. Anthbamol diht- 
DBIDB, vol. i. p. 279. 

HYDRO-APO-ATBOPINE v. Atropinb. 

HYDBO-ATBOPIC ACID v, si-Phenyl-pbopx* 

OHIO Aon>. $ 

HYDBOBENZAHIDE V. Benzoic ALbBHTDE. 

HYDBO-BENZENE DI-CABBOXYLIC ACIDS 
V . Hydrides of the Phthalio Jbins. 

HYDBOBENZOIC ACID v. Benzolbio Aom. 

HYDBOBENZOlN C„H„0, i.e. 
C,H,.CH(OH).CH(OH).C,H,. Stilbme alcohol. 
Mol. w. 214. [138°] (Paal, B. 16, 637) ; [184°] 
(Zincke) ; [133°] (A.), .(above 800°). S. *26 a1 
15°; 1-26 at 100°. » 

Formation. — 1. By thy action of granulated 
zinc upon benzoic aldehyde dissolved in alcohol 
which has previously beeu partially saturated 
with HOI. The hydrobenzoin is p^d. on subse- 
•quent addition of water (Zinin, A. 120*, 426).— ■ 

2. Together with^isohydrobenzoin and benzol 
alcohol by the action of sodium-amalgam oi 
benzoic aldehyde dissolved in aloollol (Ammann 
Z. [2] 7, 83 ; .d, 168, 69).-^;?. From benzoin bj 
heating with alcoholic potash at 155° in an ex 
hausted tube, bei^ilic acid being also formed 
(Zinin, Bl. [2] 7, 260). — 4. By the action of so- 
dium-amalgam on benzoin»(Grimaux, B. 2, 281] 
or on benzil (Forst a. Zincke, A. 182, 259).— 

6. From Cglts.CHBr.CHBr.CjH. by treatmdhi 
with silver acetate or oxftlate and^aponffioatiox 
of the produA (Limprioht a. Schwanert* 2, [2] 
8,684; A. 160,177). 

Properties.— Silky needles (from water dWI 
lute alcohol) or monoolinio tables (from absoluti 
^pohol) ; V. sol. tDcohol. • 

* Eeacti<ms.—1. Nitric ocidoiiddBCBiiXohooA 
•oin and finally to benzil (%inin).^2. Ohromik 
acid miaturs forms benzoio alddiyde (Zindke 
A. 198, 121).— 8. PCI, forms (a)- an# (i8)-dt 
» ohloro-^-phenyl-ethane 0,]&tiHbl,0£f01.0.^ 
4. PBr, forms in like mimner a bromide. 
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6. Dttate H,S04 at *00® forms di- 
[wenyl'aeetio aldehyde and an anhydride 0i4H„O 
(Brener a. Zinoke^B. 11, 73 ; Weise, A. 248, 84). 

Acetyl derivative * 

0,H4.0H(OAo).OH(OH).C«H 4. [84®]. Fromhy- 
drobenzoln and HOAo at 180® (Limpricht a. 
Behwanert, A. 160, 190 ; Forst a. Zincke, A. 182, 
254 ). Long needles (from aqueons HOAo), y. e. 
sol. alcohol, ether, and HOAo. f 

Di-acetyl derivative (CgHj)jC2H2(OAo)j : 
[186®]; formed by acetylation of hydrobenzoin, 
or by the action of zinc-dust on a mixture of 
benzoic aldehyde Cmd acetyl chloride (Paal; B. 
16, 686). Formed also from di-bromo-di-phenyl- 
ethane C,Hj.OHBr.CHBr.C,Hj and AgOAo (Lim- 
pricht a. Sci^^anert, A. 160, 177). alonoclinic 
prisms (from ether) ; m. sol. cold <dcohol, sol. 
ether and benzene. PClj converts it into (a)-di- 
chloro-di-phenyl-ethane OgHj.CI^l.CHCl.C,Hj. 

Benzoyl derivative 

C,H,.CH(OH).CH(OBz).C 4H4. [161=]. Fonfied, 
together with the di-benzoyl derivative by heat- 
ing hydrobenzoin (1 pt.) with BzjO (3 pts.) at 
160® (Forst a. Zincke, A. 182, 277). Needles or 
plates (from alcohol) ; v. sol. alcohol, ether, and 
chloroform. 

Di-benzoyl derivative 
Ph.CH(OBz).CH(OBz).Ph. [246®]. SmaU white 
needles, si. sol. most solvents. Formed, together 
with the di-benzoyl compound of isohydroben- 
zoin, by the action of zinc-dust on a mixture of 
benzoic aldehyde and benzoyl chloride (Paal, B. « 
17, 909). Formed also by treating the compound 
PhCHBr.CHBrPh with AgOBz (Forst a. Zincke, 
A. 182, 377). ^ 

Ph.CH.Ov 

Carbonyl derivative | >CO. 

Ph.CH.(K 

«{126®]. Obtained oy the action of ClCO^Et on 
the sodium derivative of hydrobenzoin, which is 
itself got by beating hydrobenzoin in benzene 
solution with sodium-amalgam (Wallach, A. 226, 
61). Needles (from alcohol). Saponified by al- 
„„eoholio KOH. 

Anhydride U, <ophH>^ 

^^Sh ^-P^^y^^thylene oxide. 

[183®].® Form^ by boiling hydrobenzmn with 
mjute (3vff).c.) sulphuric acid, distilling off di- 
phenyl-acetic aldehyde and extracting the resi- 
^dkie with ether^^ Monoclinic crystals (from ether). 
Not volatile i^th steam. Insol. water, v. sol. 
benzene, HOAo, and net alcohol. At it splits 
Bp into s-di-phenyl-ethylene and benzoic alde- 
hyde. Reactions.— -1. ^en boated for 17 hours 
with Bz,0 at 240® it gives di-benzoyl hydrobenz- 
oi'n and some 5-di-pbftnyl-€thylene.—2. HOAc 
at 170® foms di-aoetyl-hydrobenzojfn.— 3. Ac^O 
dock not act below 240®,^at which temperature 
it gives di-a<^tyl-hydrobenzoIn, |-di-phenyl- 
etl^ene, and benzoic aldehyde. — 4. BzCl gives 

i dj-ui^ohloro-di-phenyl-ethanePh.OHOi.OHCLPh 
193'^. PClj forms the same body,— 6. By heat- 
ng for 8 hours at 200® with cone. HlAq and 
phosphoras it is reduced to s-m-phenyl-ethane 
[82®].— 6. CrO, in HDAo forms which 

crystalUses from hot alcohol in small felted 
needles [156®] and Oi»H„0, [146®] (Brener a. 
Zincke, A.‘ 198, 169).— 7. Dilute (20 p.o,) l^SO^ 
at 200® fonns djj^phenyl-aottic aldehydfe,— 


8. HOlAo (S.a. 1-19) at 170« dves di-phenyL 
acetic aldehyde and (a)-di-<!Moro-di-phenyl- 
ethane. 

Ziohydrobenzoin OuHj^O. i.e, 

C4H,.0H(0H).CH(0H).C;H4. [I20®]. S. *19 at 

15®; 1*25 at 100®. m^ormed, together with a 
smaller quantity of hydrobenzoin, when sodium- 
amalgam acts on benzoic aldehyde in presence 
of water. The'^presenodbof alcohol diminishes 
the proportion of isohydrobenzoin to hydro- 
benzoin (Ammann a. Fittig, A. 168, 70). The 
separatiqn may be effected by repeated crystalli- 
sation from'alcohol,in which isohydrobenzoin is 
somewh^^ the more soluble. Formed also by 
saponifying its c^-acetyl derivative. Glistening 
hydrated needles (fsom water), anhyilrons hexa- 
gonal crystals (from alcohol), or monoolinic* 
prisms (from ether)'. * The hydrated crystals 
melt at 96®. V. sol. t^lcohol.^ether, and chloro- 
form. 

Reactions. — 1. PClg gives (o)-di-chloro-di. 
phenyl-ethane Ph.CHCl.OHCl.Ph [1^J4®], and a 
resinous compound CjgHjjClO [150®] (Breuer a. 
Zincke, A. 198, 167) — 2. Boiling dilute HjSO* 
i forms rdi-phenyl-acetic aldehyde and the an- 
hydride CnHjoO [102®].— 3. By heatii^with Bz^ 
there is formed mono- and di-benzo^-isohydro- 
benzom and also di-benzoyl hydrobenzoin. 

Sodium derivative 

Ph.CH(ONa).CH(ONa)Ph (?). In an ethereal 
solution of isohydrobenzoin sodium-amalgam 
j forms a powdery sodium derivative. Some of 
the isohydrobenzoin appears to be changed at 
the same time into a crystalline isomeride [125®], 
which is slowly dissolved by boiling water, being 
changed to isohydrobenzoin. 

Acetyl derivative 

C,Hj.CH(OH).CH(OAc).C«H,. [88®]. Formed 
by the action of KOAc or of AgOAo on 
Ph.CHBr.CHBr.Ph (Forst a. Zincke, A. 182, 
282). Short thick needles. 

Di-acetyl derivative 
C,H,.CH(OAc).CH(OA(jl.C,Hj. [118®]. Formed 
by digesting isohydrobenzoin with acetyl chlor- 
ide for 24 hours. Formed also by Lolling 
Ph.CHBr.CBBr.Ph (1 pt.) dissClved in HOAo 
(3 pts.) with an excess of KOAo for 12 hours 
(Zincke, A. 182, 262; 198, 164). Plat&s (from 
alcohol). Occurs sometimes in trimetrio prisms 
[106°]. 'V. sol. alcohol, ether, and chloroform. 

Benzoyl derivative 

0„Hj.CH(0H).CH(0Bz).0,Hs. [130^. Formed 
together with the di-benzoyl derivative, by heat 
ing isohydrobenzoin with excess of Bz-O at 160' 
(Forst a.® Zincke, A. 182, 285). Small needlei 
(from dUute alcohol). V. e. sol. alcohol, ether 
and chloroform. 

Di-benzoyl derivative C,4H,2(OBz)a 
[161°]; fine srky needles; v. e. sol. ordinary 
8of(ents. Formed, together with (he di-benzo} 
derivative of^ydro-benzoin, by the action c 
zinc-dust on a mixtnre of benzoic aldehyde an 
benzoyl chloride (Paal, Bi>17, 909). Forme 
also, together with its isomeride, by heating is( 
bydrobenzoin with Bz,0 ; also by the action < 
Ph.OHBr.OHpr.PJ^ on AgGBz. 

*■ Carbonyl derivative 

[110®]. Prepared by dissolving behzoio alde- 
hyde and C1.002Et in ether and treating with 
Sodium amalgam. A violen^^ reactiox^ occurs | 
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when it abates the flMk is heated for some time I 
with inverted condenser. The liquid is filtered | 
and evaporated, the residue is crystallised from 
aloohoL The yield is bad. Formed alio by 
treating the sodium derivative of isohydrobenz- 
(fin in ether or benzene mth ClGOjEt, an inter* 
mediate body Ph.CH(ODO^t).CH(OCO^t).Ph 
being perhaps formed. Monoolinio plates (fropi 
alcohol). Insol. cold4Water, 8l.*8ol. boiling watei» 
81. sol. cold alcohol or ether. Insol. GS^ sol. 
benzene. Decomposed by boiling potash into 
potassium carbonate and iso-hydro-b^nzoin. It 
is not affected by ACjO. PGlj converts it into 
(o).di-ohloro-s-di-phenyl-ethane [186'^ (Wallach, 
J. pr. [2] 26, 262 ; A. 226, 80^. * . 

Anhydride G^HuCV [102*]. Formed, 
like the corresponding anhydride of hydrobenz- 
oin, by boiling isohydtofc Jnzoin with dilute 
(Zinoke a. Breuer). ^onoclinic ci^stals (from 
ether). More solubleTin alcohol than its iso* 
meride. 

Beacwms. — 1. When heated with BzjO it 
gives s-di-phenyl-ethylene and di-benzoyl-isohy- 
drobenzoin. — 2. HO Ac has no a,ption even at 
260°. — 8. Ao^ does not act at 170°.Tr4. BzGl 
yields Ph.CHGl.CHCl.Ph [192°]. PGl, forms a 
oompourm CjaHjjGlO, which is finally converted 
into Ph.GHGl.GHGl.Ph.— 5. HIA<^nd P at 200° 
form s-di-phenyl-ethane [62°]. — C.^^rOs in HOAc 
acta upon it in the same way as upon its iso- 
meride. 

HYDEOBENZOlN-DI-p-CAEBOXYUC ACID 

c|h,(c 6^I).OH(OH).CH(OH).OA(CO^). *Ob- 
tained by reduction of the sodium salt of benz- 
oin-di-carboxylic acid with sodium-amalgam. 
Infusible. Unsublimable (Oppenheimer, B. 19, 
1817). 

HYDKOBERBEDIKE v, Berbebinb. 

HTDBOBBOMIC ACID v. BBOunvuRio acid, 
vol. i. p. 632. 

HYDBO-BBOMO-CINCHENE Ginohbne 

BBOBIOHTDBIDE. ^ 

HYDBO-BBOMO-CIWCHONINE i>. Ginchon- 


IN1B«BOUOHY1)B1I>E. 

HYDBOBUTYBAMIDE 


V. ISOBUIYBIO ALDB- 


HYDBOBUTYBOFDBeNIC ACID G^, A 

indistinotly crystalline acid fonned reducing 
bdtyro-furonio acid G,H|,Og with sodium-amal- 
gam (TOnnies, B. 12, 1201). — AgjA". 

HYDBO-CAFFUBIC ACID v. Gaffeinb. 

HYDBOCAMPHENE v. Dbcinbnk. 

HYDB0CABB0N8. Gompounda ^jontaining 
carbon and hydrogen, only. Liquid hy^ooar- 
bons, especially terpenes GigH^ and thmr iso- 
merides, are commonly found m essential oils 
from plants ; solid hydrooarbo§s have been ob- 
talnea from the fruit of Heracleum Sphondyfium, 
JT. giganteuvt, PasHnaca sativa^nd from other 
plante (Guthzeit, B. 21, 2881). The chief source 
of hydrocarbons it however, the dry distillation 
of organic bodies, the nature of the product de- 
pending upon the temperature at whioh^the 
distillation takes place, siiwe a red heat tendiU 
to deprive hydrocarbons olra part of tnexr 
drogen. . Thus when coal is distilled at fhe 
lowest possible temperature, the distillate wn- 
sists chiefly of paraffins and olefines ; while dis- 
tiliaUoA at a br^t-red heat forms large qu«s- 


tities of aromatic hydrocarbons. Ameuoan 
petroleum, formed by the slow aeoomposition of 
vegetable matter under the surface of the earthf 
probably at a moderate temperature, is very 
largely composed of paraffins (c/. Engler. B. 21, 

T^he hydrocarbons are insoluble in water; 
they are neutral, and do not form salts with 
acids or alkalis; they are not saponified by 
boiling wim dilute acids or alkalis, and are for 
the most part not affected by that treatment. 
They do not unite with alkaline bisulphites, nor 
do they react with hydropylamine or phenyl 
hydrazine. 

According to Berthelot (C. i2. 84, 714) when 
liquid hyfirqcarbons are decom^sed by passing 
powerful induction sparks through them the 
gases given off consist of hydrogen, methane, 
ethane, ethylfene, and acetylene, but no hydro- 
carbon of higher molecular weight; carbon is 
deposited in the case of terpenes and aromatio 
hydrocarbons, but not from paraffins. 

The hydrocarbons with which bromine com- 
bines even in the dark are known as unsaturated 
fatty hydrocarbons; the remaining hydrocarbons 
may be divided into saturated fatty hydrocarbons 
and Aromatic hydrocarbons, which may be dis- 
tinguished by treatment with fuming nitric acid, 
which forms nitro- derivatives with aromatio hy- 
drooarbons,*but never does so with the saturated 
fatty hydrocarbons. 

The saturated fatty hydrocarbons are also 
called paraffins, and contain a larger percentage 
of hydrogen than any other hydrocarbons ; they 
may be included in the gene*,l formula 
Unsaturated fatty hydrocarbons of the formula 
G„H 2 „ are called olefines, since olefiant gas is 
the first member of the series. Of the hydro- 
carbons C„H 2„.2 those whiJh give pps. with am-* 
moniacal solutions of cuprous chloride and of 
silver nitrate are held to contain the group G;G^ 
and belong to the acetylene series. 

Vowel nomenclature, first proposed by Lau- 
rent in naming the chlorinated derivatives ^ 
naphthalene, was adbpted by Hofmann to dis- 
tinguish the different Masses of hydrocarbons. 
Thus, according to Hofmann, the names of the 
compounds : • 

G^Hj^+a end in -/me 

CnHto .. 

C„Ha._g „ -one 
„ — une. 

Inasmucl^as ine is th? usual termination of 
bases, and one that of ketones, in this dictionary 
the names of mnsaturated hydrocarbons have 
been made to end in ewe, thus : 

Hydrocarbons G^Ha, endin.-ylene 
, . G.H,.., „ -inene 

CLEL^-, * -onea* 

„ ... *-nneno. 

Parafl&B. The saturated fatty bydroq^rboilM 
or paraffins are named as follows : 


Methane 

Ethane 

Propane 

Butane 

Pentane 

Hexane 

Heptane 

Octane 


GH. 

gA 

0,H. 

* 

* 2*5’* 

cS" 

{ 0 At 
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CuH« 


m 

, Bunane or Konano 
Deoane 

Handecana or Undefana 
Dodeoane 
Trideoane 
Tetradeoane 0,4 Hm 
P entadeoane OuH,, 

Hezadeoane 0 |,H ,4 
Heptadeoane 0„H^ c 
Ootodecane GigH^ 

Enndeoane GigH^o 
loosane Go^H^, 

Henilbsane G^jH^ ^ 

Do-ioosane 

Tri-ioosane 

Triaoontane 

From a atruotural point of view^y paraflBn 
may be regarded as formed from the next lower 
fiomologue by ^splaoement of H by CH,. As 
the hy^ogen atoms in methane are similaity 
situat^ there can be only one ethane, and as the 
atoms of hydrogen in ethane GH,.GH, are simi* 
larly situated there can be only one propane. 
But in propane GH,.GH 2 .GH, it is possible to dis- 
place a hydrogen atom either in the methylene 
group GH, or in one of the two methyl groups ; 
thus we arrive at two butanes : GHa.GH(GU,).GH, 
and CH,.C:^CH,(CH,). . 

Proceeding in this way we find that there are 
theoretically possible 3 pentanes, 5 hexanes, 9 
heptanes, 18 octanes, 36 ennanes, 75 decanes, 
159 hendeoanes, 355 dodecanes, 802 tridecanes, 
Ac. 

The paraffins kre said to be normal when 
they contain only Wo methyl groups, and may 
consequently be represented by a chain that has 
no branches, ap. GHj.GHj,CH 2 .CH 2 .GHj.GH,. 
* boiling-points of the normal paraffins are : 
Pentane (37°) 

Hexane (70°) 

Heptane (99°) 

Octane (124°), 

elter which they rise 19° fdr each increment of 
0]^ The other paraffins^ boil at lower tempo- 
ratores than their norm^ isomerides. 

Oceurrenu. — AmAig the products of the 
destructive distillation ^ coal, bituminous shale, 
peat, <S:c.Jand in American petroleum. Natural 
or aftifiomffetroleum yields on distillation: (a) 
petroleum ether or ligroin boiling from 35° to 
90^ containing ^chiefly pentane, hexane, and 
heptane; (6J benzolinq^or petroleum spirit, boil- 
ing from 90° to 150° sraa containing heptane, 
cwtine, and ennane; (c) kerosene, petroleum- 
aapbtha, or paraffin oil boiling from 160° to 
200°, eontainmg decane, hendecane, and dode- 
cane; {d) solid paraffin wo, a mixture of saturated 
hydrocarbons of still higher xhbleoukur weight 
lGrei& WilliaiBB, Tr. 1847, 737 ; C. J. 15, 130 ; 
^horlemmer, O.J, 15, 419 ; Pelouze atCahoura, 
A* m 989 ; 127, 196 ; 129, 87). 

.. Aoi^fion.— 1. By distilling the acids 
OJEifJJf with excess of potash, lime, or baryta. 
2. By the action of water on zinc alkyls ; 
Uiis reactitm may be carried out by simply heat- 
ing t^ akoholio iodide with zinc and water, or 
treating them with tile copper-zinc couple in 
preseiiee ^ water or alcohol— 8. By the reduc- 
^tioB of the (ffilorides or iodides of alcohol radicles 
by 8^c ind>jdrodiP»rio acid, by ]3JL, or by 


sodium-amalgam.^. By the action of Sodium 
or of reduced silver on an iodide or mixture of 
iodides ^ + B'l + Na3*>2NaI + BB'. This pro- 
cess ^8 known as Wurtz’s reaction (Wurtz, 
A. Ch. [3] 44, 275). — 5. By the action of 
alcoholic iodides on fiino-alkyls.— 6. By the 
electrolysis of the soffium salts of the fatty 
oeids. . 

' Properties.— Methane, Ithane, propane, and 
butane are gaseous at ordinary temperatures; 
the specific gravity of the higher paraffins in the 
liquid stats steadily rises with increasing mole- 
cular weight The paraffins are distinguished 
by their olvemioal indifference {parum affinis). 
They are not attacked by KOH, by HjSO,, or by 
cold fuming BLNO,. 

Reactions.— 1. Chlorine^ acting on a normal 
paraffin foms only {jlAco&ty , and secondary 
chlorides,* the latter Containing the group 
OHC1.GH,. Bromine forms, however, only 
secondary bromides of similar constitution 
(Schorlemmer). The isomerio mono-chlorin- 
ated paraffins got from petroleum yield, by 
abstracting HCl, a mixture of olefines one por- 
tion of which combines readily with cold HCl, 
whilst the rest only combines on heating. The 
chloro- derivatives formed in the cold distil 
with partial dpodmposition and at a lower tem- 
perature than those formed by heating. The 
latter distil without decomposition and have tho 
general formula CH,.CHCl.C„H 2 „+j (Sohor- 
remiher.U J. 26, 819; Pr. 29, 864; T. 171, 
451r; Morgan, C. J. 28, 301 ; Lo Bel, Bl. [2] 28, 
460) .—2. Bromine does not act upon tlwm in 
the dark, in sunlight its colour disappears, a 
molecule of HBr being formed for each molecule 
of bromine used up.— 3. Hypochlorous acid does 
not unite with paraffins. — 4. Chromic acid and 
hot nitric acid (S.G. 1-4 to 1'5) oxidise them to 
COj, forming in some oases intermediate fatty 
acids (Schorlemmer, Pr. 16, 373). 

Olefines The names of the olefines 

are; — t 

Ethylene C^H, 

Propylene C,H, ^ ” 

• Butylene C^H, 

Amylene CjH„ 

Hexylene C,H,j * 

The higher members are named by writing 
-ylene in j^ace of the -ane in the names of tffie 
paraffins (v. supra) Methylene GH, does not 
appear capable of existing ; in reactions where it 
might be expected ethylene is formed instead. 
It will be observed that the olefines have all the 
same percentage composition. The hydrocarbons 
in Oaqpasian petroleum, although isomerio with 
the olefines, appear to be hexahydrides of the 
homologues of ^nzene (Mtfrkownikoff, B, 20, 
1850). ^ 

Formation. — 1. By dehydration of the 
saturated tatty^pionohydric alcohols CaH^^,0. 
This may be done by means ^H,804, ZnCL or 
PyO,. In the case of the nghiw idooholii a 
mixture of hydrocarbons is, however, prodnoed. 
2. B^ the action of alcoholic KO£t on the alkyl • 
('odides.— 8. By^as^lig alkyf chlorides over red- 
hot lime. In some oases mere distillation is 
sumoient to split up the alkyl chlorides Into 
olefine and HCl— -4. A large number of olefines 
are produced in the manufacture of Uluminating 
gaS from oil (^nnstcong, C. #49, 74).--5. 
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fh« electrolysis of the alkeliae salts of dibasic 
fatty acids. 

^ jReaotwM, — 1. The olefines combine readily 
^th ehlorinet bromine, and iodine forming* oily 
compounds (e.gr. Dutch liquid); hence their 
name. — 2. They combin# with SO,, and are 
therefore absorbed by Nordhausen sulphuric acid. 

Cojio, HjS 04 forms alkyl s^phuric acids.-* 

8. They combine wit#HCl, HBr.and HI. Cone.* 

HIAq, however, at 100°, soon reduces them to 
paraffins. Olefines of the formula OHj-.OHR 
combine with HCl only on heating Bel, Bl, 

[2J 28, 460). Those of the formutro CHarCRR' 
or CHR:OHR' combine with cold HQ (Le Bel ; 
cf. Schorlemmor a. Thorpe, A. 217, >61).— 

, 4. Alkaline KMnO^ oxidises theid to oxalic, 
acetic, formic, carbom^ and other acids (Ber- 
thelot, G. a. 64,^6). — ^f.*Many olefyes may be 
oxidised by CrO, to aldiJiydos or ketones (Ber* 
thelot, C. R. 68, 334). -*6. HOlO unites forming 
chlorhydrms of dihydric alcohols or glycols. A 
very simple method of preparing hypochlorous 
acid for employment in the preparation of or- 
ganic chlorhy^rins consists in acidifying a solu- 
tion of bleaching powder with boric acid. The 
theoreticfd quantity of the un saturated organic 
compound is then added, allowed to stand for 
some time in the dark, and thelelUorhydrin ex- 
tracted with ether (Lauch, B. 18, 2*87). — 7. The 
olefines are prone to polymerisation especially 
. in presence of ZnCl, or H^SO^. 

Acetylene series The h^drofcar-* 

bons 0,H,n-a may be divided into {a) acetylenes 
proper { R.CiCH ; (6) dialkyl • acetylenes : 

BCtOR' ; (c) di - ethylenic hydrocarbons : 

RCH:CH.CH:OHR' ; and {d) iaoallylenes : 

RR'C:0:CR"R'" {of. B6hal, A. Ch. [6] 16, 268). 

Formation.— 1. By heating bromo-olefines, or 
the dibromides of olefines with alcoholic potash. 

Thus they may readily be obtained from alde- 
hydes and ketones by sucoossive treatment with n t*. ’ a nr. rm i acq . 

PCI. and alcoholic potash.— 2. By e^ctrolysis of j evolved (Friedel a. Crafts, A. Gh. [6] 1, ^59, 14, 
the sodium salt of un^tursted dibasic acids.- ] 457 f/- 

8. In the destructive distillation of organic " « ,a m 

bodils, and ^ the incomplete combustion of 
coal-gas. * * 

Reactions. — 1. The hydrocarbons RCiCH 
form f ps. in ammoniacaf solutions of cuprous 
• chloride and of silver nitrate. These pps. are 
decomposed by HCl with liberation (ft the hy- 
drocarbon,— 2. They combine with either one 
or two molecules of bromine, HCl, HBr, HI, and 
HOCl.— 8. By successive treatment with H-SO, 
and water they can be hydrated ; ^ acetylene 


ing CH,GL0C1:0H, witii sodium; while allyl 
iodide heated with PbO in excess on^ gave 
propylene ; and by heating with H^, OuO, oe 
AgjCTat 126°-160°, CO is formed, but no iso- 
aliylei^. When allyl alcohol is dehydrated by 
PjOj no trace of isoallylene is obtained, the pro- 
ducts being ethylene and propylene. Ethyl allyl 
oxide behaves in like manner, the decomposition 
proceeding ^ith greater regularity (B4hal, A. Ch, 
[6] 16, 360). According to Gustavson (J.pr. [2] 
38, 203), however, isoallylene can be obtained by 
the action of zinc-dust on di-bromo-propylene 
CH^r.CBrrC^ in presence%f alcohol. He de- 
scribes it as a gas which unites with bromine 
forming (lH,Br.^, and which, when treated with 
adu water successively, yiglds acetone. 

Benzene series The hydrocarbons 

of this series |ire named as follows ; — 

Benzene C„Hg 
Toluene C,Hb or CaHj.CH, 

• Xylene C,H,„ or C,H 4 (CH,), 

Mesitylene and ^'-cumene CjH ,2 or C 4 H,(GH,)s. 

Durene C,ftH ,4 or CgHj(CHj) 4 . 
Propyl-benzene is called cumene, and propyl- 
toluene is called cymene, the other members being 
usua^y named as substitution derivatives of 
benzene. Their constitution is discussed under 
Benzrnb {q. V.). 

Occurrence . — In coal-tar, in Galician petro- 
leum, and as hydrides in Caucasian petroleum. 

Formation. — 1. By distilling their carboxylic 
acids with lime. — 2. By adding strips of sodium 
to an ethereal solution of a mixture of an aroma- 
tic bromide and an alkyl iodide for bromide) 
(Fittig’s reaction). This reacAon takes place the 
more readily the higher the dlolecular weight of 
the alkyl iodide, and where there is already a 
side chain it succeeds best when this is in Mie 
para- position (Krafft a. Gottig, B, 21, 8184).*- 
3. By adding AlCl, to a mixture ()f an aromatic 
hydrocarbon with an alkyl chloride, HOI being 


yuatwL nuiaj — - < 

changing to aldehyde, and allyleno to ketone. 

4. The hydrocarbons RdCH give pps. m an 
aqueous solution of HgCl, ; when the product is 
treated with acids aidehydio or ketonio pr(DduotB 
of hydration are liberated (KUlsoheron, A 17, 
13).— 6. A saturated alcoholic solution of AgNO, 
gives crystalline pps. with 
bons ; thus heptin^e gives AgNO, which 

deflagrates when Iteated (B^al, A. Gh. W lo, 
428).— 6. KMnO, and chromic acid attack toe 
•hydrooKbOD. at the unsataratod PO>f‘! 
diaUyl girea 00, tod sq^* wid. 

(A. Oh, [6] 16, 860) thinks that no hyd^rlyn ' 
of the iso^lylene has ^ yet been isolated. 
Thus bating 0^X)1.0H;CH01m diw benzene 
ygith sodium he failed to obto woalWene. He 
WW ^u4Uy unslle to obtain 0B«;9;0H| by heU- 


Friedel’ a. Crafts ebnsider that this xeactiqi^ 
takes place in two stages : 

C,H.+ AUCl.- <5.H.A1,C1.+Ha 
C.H,A1,C1,+ BC1=«.H,R+A1,C1, 
the latter reaction being*analogou8 to 

ZnEt. + 2RCl«2EtB-t-ZnC lr * ^ 

They have, hqyrever, hitherto faileTTb isc^te 
the hypothetical intermediate body 0,H,A1,C1„ 
but they have equally failed to ^btain the ocm* 
pounds A1C1.(0,H.), and,mr,(0,H,),de^l»d 
" avion (J. S. 18»2, 854), which they re- 


by Gustavlon (j. , - 

gard as mixtures. When MeCl acts on benzene 
(6 pts.) containing AlCl, (1 pt.) there is formed 
s-durene. MeCl acting on toluene m presenof 
of AlCl, forms o-, t»-, ifai p- xylene, »|(-o^ene 
mesitylenv- and w- durene, pento-metoyl^im 
ene, and hexa methyi-benzenej^dor 

B 12, 32iL 0. Jacobsen, B. 14«3627). MeCl an^ 
Aici, converts the three xylenes 
m-xylene giving also mesitylene. Th^I^ 
homologuesof benzene are more readil|ThotoyJ 
ated than the lower. Ethylene passed 
a heated mixltire of beMene and AlCl, gWf 
ethyl-, diethyl-, and tri-e\hyl-benzeno (Bslsohl 
Bf. [2] 81, 689). Isomerfc ohang^ oto oora 
in these syntheses. Thus wbutyl bvo^ 
(800 g.) soting on benzene (9W g.) »ad 
(800 g.) 0° fowM j 



HTDROOARBONS. 


ns 

7B6 mm.), \rhioh is also got from f^r^butyl oxidation of all aneh hydrocarbons is greatly 
chloride ; while n-butyl ohlorido gives scc-butyl- modified^ by the introduction of halogens into the 
bens^e (174® at 78f mm.) ^Schramm, if. 9,^13). ring, thus tetra-ohloro-m-isocymene oan only be 
In like manner isoamyl ohloride gives an amyl- oxidfted with very great difficulty, and then is 
benaen^l 88 ® at 737 mm.) which appeaif. to be entirely broken up (Kelbe a. Pfeiffer, B. 19, 
(lH,.OHMePr or 0,Hj.0Me^t. n-Propyl brom- 1723). Propyl-i 8 opro%l-benzene is oxidised to 
ide gives isopropyl derivatives, since PrBr is n-propyl-benzoio acid. — 6 . Oh/ramyl chloride 
changed to PrBr in presence of AICI 3 (Kekul 6 a. forms addition ^oompounds 0 „H.^.j(Cr 0201 j),. 
SohrStter, B. 12, 2280j. Schramm sapposes the These compounds give ofraOl at 200°, becoming 
alkyl ohloride io be split up into HCl and olefine, 0 ,Hj„_g(Cr 0201 )j. If they contain methyl they 
the latter then acting like ethylene (v. supraj, are converted by water into aldehydes. In the 
By the action of AbQl, on boiling toluene there is case of berzene, water produces quinone ( 6 tard, 
formed benzene, emyl-benzene, and the thfeo A. Ch. [ 6 ] 22, 218 ; 0. B. 87, 989).— 6. By heat- 
xylenes (Priedel a. Crafts, C. 22. 101, 1218). In ing with HIAq the hydrocarbons OnKjn-a can be 
f. a similar manner w-xylene is convertei^ by AlCl, made to tali^ up 6 , 4, or 6 atoms of hydrogen, 
into benzene, t<lf.uene,mesitylene, and t|/-oumene; The "hydrides occur in Caucasian 

while ethyl-benzene gives benzene aiH di-ethyl- petroleum (Beiistein a. Kprbatoff, B. 13, 1818) 
benzene (Anschutz a. ImraendorflS? B. 17, 2816 *, and may aJ[so be obtamid by /he distillation of 
18, 667). The transference of side chains may colophony (Renard, A. [ 6 ] 1, 227). 
be readily effected by passing HCl through J^he Homologues of Antlftacene 0 may be 
heated mixture of AlCl, with the hydrocarbon, formed as follows : 1. Prom anthraimls by ab- 
e.g* straction of water (Liebermann a. Tobias, B. 14, 

OgHgMej+HCl^CgH^Mea+MeCl 795).— 2 . From halogenated hydrocarbons, by 

OgH,Me, + MeCls=C,H^Me 4 4-HCl heating under pressure (Dorp, 4-169, 210).— 

3. Pron? halogenated methanes, aromatic hydro- 
(Jacobsen, B. 18, 343). —4. When aromatic hy- carbons, and AlClj (Anschutz a. Bomig, B. 18, 
drocarbons are heated with Mel or EtI and 664; Elbe a. Wittich, B. 18, 348)!^4. From 
iodine in sealed tubes at high temperature, Me homologues pf *'diphenylmethane by abstraction 
or Et can be introduced, although very many of hydrogen (Weiler, B. 7, 1186; Fischer, B. 7, 
other products are formed at the same time. In 1195). — 6. From homologues of o-tolyl-phenyl 
this way benzene heated with Mel gives toluene, ketone by abstraction of water (Behr a. Dorp, B, 
toluene ^th Mel) gives xylenes, and hydrocar- *7, TJ ; fclbs, J. pr. [ 2 J 33, 186).— 6. Phthalio an- 
bons CgH,^ and OhH„; while pseudo- hyflride, aromatic hydrocarbons, and AICI3 giv( 

cumene mixed wi^ mesitylene (with EtI) gives homologues of o-benzoyl-benzoio acid, whenc< 
CgH,Me 2 Bt (here ^t turns out Me) (Bayman a. by cone. H^SOg homologues of anthraquinon( 
Preis, A. 223, 315). — 6. By heating ketones with may be obtained. Thus toluyl-benzoio acii 
H 2 SO 4 ; thus acetone gives mesitylene. - 6 . By [ 2 :ljC^H 4 (CO,,H)CO.OgH 4 (CH,)[l: 4 ]fromphthali 
heating benzene an^ its homologues with ZnCl, anhydride and toluene gives (B. 2)-methyl-an 
and (the higher) fatty alcohols, water being thraquinone [176°], while w-xyloyl-o-benzoioaci< 
eliminated (Goldschmidt, B. 16, 1066). — 7. By gives a dimethyl-anthraquinone [162°] (Elbs 
' eating diazo- compounds with alcohol.— 8 . By J.pr. [ 2 ] 33 , 318). 

oiling hydrazines with CUSO 4 or FeCl,. Hydrocarbons of the tri-phenyl-methan 

Beactions,— 1. Fuming^nifrtc acid dissolves series (Elbe, Jfpr. [2] 33, 181) may b 

hem, and on adding wate|j nitro- derivatives are formed as follows; 1. From chloroform orchlorc 
>pd.— 2. Fuming sulphy/nc acid dissolves them, picrin, benzene or homologues 0 ^ benzen4, an- 
orming sulphonic wide. By distilling the re- AlCl,.— 2. From benzylidene chloride, benzene 
lolting sulphonic acid^ with superheated steam or homologues of benzene, and zino-dust, — 3 . 
he hydrocarbons can be recovered, and thus From secondary aromatic alcohols, ai'omatio 
iepar4tg^.i^onf fatty hydrocarbons, and even hydrocarbons, and PjO, (best method). — 4 . From* 
!rom one another (Beiistein, At 183, 34; Arm- aromatic (i 8 )-pinacolins and alkalis (Thdrner ar 
»^ng a. Miller, C. JA6, 148 ; Kelbe, B. 19, 93). Zinoke, B. 10, 1476; 11, 66 ).— 6 . From benzyl- 
i. JSalogem form products by substitution, idene chloride (or its homologues) and Hg(0,H,), 
Heat and direct sun^aine both cause the halo- (or its homologues). — 6 . From benzoic aldehyde, 
gen to enter the side chain instead 01 the benz- benzene or its homologues, and ZnC4 at 260°. 
she nucleus (Schramm, B. 19, 212 ; M. 8, 299). HTDS00ABBO8TYBBL v. o-AMino-B PHENXL- 
Fellow light has the maximum Effects. Accora- pbopionio acid. 

ing to Badziszewski {A^ 218, 386) the halogens DI-HTDBO-CABBOXTLIO AOIB (so-called) 

acting upon alkyl-beimenes go in the cold into v. TxTEA-oxr-QUiNoira, • 

the jp- position; as the heat ft raised they go TVi-hydro-odrboxylle acid (so-called) v, 

into the o^'poiation, then dnto the CH, attached Hxxa-ozt-bxnzxnx. 

to the G,H„ and' at a still higher temperature HTDB0-CJ|B0T1KX v» Oabbotxn. 

intQ>'.e next CH,, and so on (v. Chlobo- com- HTBBOOHEUOONIO v. OmtuDomo 

rommitM aod Baoico- coupounds).— 4. Chromic kcn>. ▼ 

acid mixture oxidises all the side chains to HTDBO-ORLOBAHIUO AOIB u. Di-ohlobo- 

carboxyl, while Ttitric add (S.G^1*2) frequently teyra-oxt-bxkzxni. 

attacks only one side chain. In the oxidation by < HYBBOO^KOI^O AORl u. Oblobbtdbzo 

means of dilute HRO,of the di-alkylated benzenes Afi n, p. 6. 

ft has usually been assffined that the longest side HtBBOOHLOBOOABTOL* v. OabvqXi obXtOBO* 

chain is ox^^dsed first, becoming CO^H. This is Bimuna. 

»0t always the case, form- and jp-iso-butyl- , ETBBOOSLGBOOZXCKOBlXXv.OntoaoiOini 

t^lutofls gha iaobdS^-bdusoic aokb, and m moaosmBi^ ^ 
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HYDROCHLOEOCONqTriHnrE V. CiNOHONA 


HTDBOOIKOHONIBIKE v . Oinohona bases. 
HYDBOCIKOHOKIKE v. Cxnohona bases fuid 
OlMOHOMZKB. 

HTDBOCIHHAIIENYIIACRYLIO ACID 
Pheny)>pentbnoio acid. 

HYDRO ClNNAEtlC ACID Phenel-peo-* 

PIOMIO ACID, • 

HYDROCINNAMIDE t.6. 

N3(OH.CH:OHPh)g. [106°]. White needles. 
Formed by the action of NHg on an al<^holio or 
ethereal solution of cinnamic aldehyde. It is 
very stable towards HGl at a high tem]^erature. 

Salts. — B'HClSaq: flat colourless tables: 

I [220°] ; sol. alcohol and ohltroform, maol. water, 
ether, benzene, and . liwom. — B'2H2Cl2PtCl4 
(Laurent, Reu. S^ient. 119 ; Peine, B. 17, 
2110 ). 

HYDBOCOLLIDINE t>. TRi-MBTHYL-pyRiniNB 

HYDRIDE. « 

HYDBOCONODININE v. Cinchona BASES. 
HYDBOCOBNICDLABIC ACID v. Gornicu- 

LABIO ACID. ^ • 

HYDBOCOTABNINE v. Narootinb. • 
HYD BQpOTOIN v. Goto bark. 

HYDBOCOTONE v. Goto bark. 
HYDBO-p-COUMABIC ACID* y. jj-Oxy j8- 

PHENYL-PROPIONIO ACID. 

HYDBOCOUMABILIC ACID v. Coumarilio 

ACID. 

HYDROCOUMABIN v. Anhydride oT OXt- 
phknyl-propionio acid. • 

HYDBOCBOCONIC ACID v. Hydride of Cro- 

CONIO ACID. 

HYDBOCUMINOlN v. Cdminoin. 
HYDBO4.CUMOQUINONE CJIMo,(OH)2 
[1:2:6:3:6]. [169°]. B’ormed by reducing 

cumoquinone (Nolting a. Baumann, B. 18, 
1162). Needles (from water) ; si. sol. cold, v. 
sol. hot, water. 

HYDBOCYAKALDINE v, vol. i. pi 104. 
HYDROCYANIC ACiD v. Cyanuydbic acid, 
p. 800. 

HYDBOEERBICYANIDES v. Ferricyanides, 
p. 337. • * 

HYDBOFEBBOCYANIDES v. Ff.rrocyanideb, 

p. 888.^ 

• HYDBO-EEBDLIC ACID v. Methyl (privative 
of D|-oxy-phenyl-propionic acid. 

HYDBOFLDOBOBIC ACID v. Borofluorhy- 
]>BI0 Aom, vol. i. p. 526. 

hydrofluoric acid V. Fluorhydric acid, 

p. 650. • 

HTOBOFIUOSILICATES v. Fluosilioates, 
under SiLWATBs. „ ^ • 

HYDBOOALLEIN v. Gallein. 
RYDBOOABDENIC acid V. Gardenin, 
EYBBOOEN H. At. w. 1. Sol. w. 2. ^G. 
(air«l) -06926 (R€gnault,at0°and760 mm. M 
sea-level latitude of Paris). Batil of S.G. of H 
to that of O'* 16'8^(Rayleigh, N. *» 

462). S.G. at 8,0W) atmos. (water = 11 « 0887 
(Ai^at, 0. N. 107, 622). S.G. liquid at 
0°--026, at -28° “-032 (Oailletet a. Hau4e- 
feuiUe. 0. B. 92, 1080). S.H* 2-4*1 referred to 
equal weight of water; -99 referred to equai 
volume of air; ratio of S.H.’8 aJ constant pres- 
sure and constant volume 1-8852 (Clausius, 
Jfee^ WiWheorte, 62)- 0-®* (0;*olM° 
^6670 (oowtaaiYolume) ; -OOaojXa foonstani 


pressure) (Begnault, A. Ch. [8] 6, 62). fit 
~ ■ * ■ ‘ ^,0°) -06026 (I 


S (Bun- 


(0° to 20°) -0193 ; S. (aloohol at0°) •< 
sen, Oasomet. Methoden, 164h 

Campressibility-coefiScient 1000-1600 atmos. 
*000408. 1500-2000 atmos. -000272, 2000-2500 
atmos. -000197, 2500-3000 atmos. *000168 (Ama- 
gat, C. R, 107, 622). On the compressibility of 
H for temperatures from ~ 188° to + 100° and 
pressures frem 1 to 70 atmos. v. Wroblewski {M, 

9, 1067; or l^ature, 39, 688). H.O.p. [H*,0] 
^68,360 at 0. 18°, product liquid HgO; 
[H*,0] = 57,903 + 1-6 elements and product 
gaSbous (Thomsen). Chief lhaes in emission- 
spectrum Ha 6662-1, HjS 4860 7, H7 4339-3, 
H5 4101-2 JAngstrora, Spectre aolaire, Upsala, 
1868). • . • 

The rectgnition of H as an individual gas 
was made by ^Cavendish in 1766. The name 
hydrogen was given by Lavoisier. 

Occuri eme.—ln small quantities in the gases 
froA volcanoes and fumaroles (Bunsen, P. 83, 
167). In the gases issuing from the salt beds at 
Stassfurt (Reichardt, Ar. Ph. [2] 108, 347; 
Prccht, B. 13, 2326) ; and at Wieliczka (H. Rose, 
P.48, 353). Also condensed in certain meteorites 
(Grahj^m, Pr. 15, 602 ; Mallet, Pr. 20, 366). In 
the intestines of several animals, produced by 
decomposition of organic material (Tappeinor, 
B. 14, 2376).* Occurs also in the sun and many 
fixed stars. Compounds of H occur in large 
quantities ; the chief compound is water ; H is 
a constituent of almost all organic matter; com- 
pounds of H with Cl, 8, and N also occur in 
fairly large quantities. 

Formation. — 1. By electrolysis of acidulated 
water.— 2. By the reaction of many metals with 
HjO ; K, Na, and other alkali metals decompose 
cold HgO rapidly, forming hydroxides and H; 
Zn, Fe, Mg, Al, and many other metals decorf 
pose steam, forming oxides and H. — 3. By pass- 
ing steam over hot C, CO* is also formed.— 4. By 
heating CaO^H,, BaOjH,, NaOH, or KOH, with 
C ; C + CaO + 2ILO = CaCO, + 2n,.— 6. By the 
reactions of many m^als with dilute solutiomiM 
of acids, especially 01 HCl and H^SO^; HNO, 
cannot be used, as oxioes of N are produced. 
6. By heating KOHAq with»Zn and Fe, or with 
Al, or Mg, or certain otlfer metals.— 7. By de- 
composing NH4 sails (not NH,NOa) involution 
by Zn ; the action proceeds at 0. aiT^Lo^, 
0. R. 60, 745).— 8. By heating alkali formates 
or oxalates with KOH. • , . T 

Preparation.— 1. Pur^a granulated zme is 
placed in a capacious flasknand a cold mixture of 
about 1 vol.pt^rcH^SO^ withe. 8 vola. H^O isadded. 
Addition of a little pure CuSO^Aq prevents evo- 
lution of fl,S (by forming CuS) which i^y be 
produced even with pure Hoid and Zn (Lowe, 
D, P. J- 2J^, 198). The oonte^ of the flask 
must remain quite coW during the mocesS; if 
temperaturi rises, traces of H,S and BO, begin 
to be evolved. The gas is passed throu|fiijl) 
cone. KMn04Aq to remove traces of AsH^b^. 

ftnd PH, (Sohobig, jir. M “' 289); CTa U 
tube containing^umice soaked in A^O,A^r 
€IaCLAq to remove the la^ traces of H^S, AdH|i 
Ac., the pumice should be first moistened iviih 
H,SO. and strongly heatdB in a crucible, to m*, 
move chlorides ; (3) a U tube oontain^p^<-* 
or glass beads moistened wUh cono. TOE 
teiuoTo any »oi4 ' 
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,, 0 Y 8 t<n>mth 6 generating flask; (4) a series of 
tabes containing (a) dry OaCl, in small lamps, 

(6) dehydrated, white CaS 04 , (®) ^ considerable 
length of PjO,. ^If the H is not required to be 
Aij the last series of tabes will be omitted. If 
the H is to be used for reducing metalltb oxides, 

Ac., Winkler recommends to pass it through a 
red-hot tube packed with iron-wire ^ze rolled 
together (B. 22, 896 note).— 2. Pure EOHAq ia^' 
heated with, pieces of A1 ; the gks is passed 
through the same purifying tubes as 1 , omitting 
the KOH tube. — 3. By heating a mixture of 
HGO|K and EfjfS, or and KpH : 

2HOO,E -I- 2KOH » 2 K 2 CO, + 2Hj:C,04K, + 2KOH 
- 2 K,CO, + H,((j/. Pictet. A.Ch. [ 6 ] 13,216).— 

4. By electrolysing 10 p.c. pure^B^O^Aq, the 
positive eleottode being immerse'd.in a mass of 
liquid Zn-amalgam (v. Analtsis, vm. i. p. 240). 

Properties.— A colourless, tasCeless, odourless, 

J ^as ; liquefied under great pressure and at a very 
ow temperature. Olzewski (G. R. 98, 913#: 99, 

133) liquefied H by surrounding the gas with N 
boiling in vacuo, the temperature of the N was 
—218®; the liquid H appeared as colourless 
drops on the sides of the tube. According to 
Olzewski the critical temperature of H is lower 
than -198®; Sarrau gives -174-2® as 'i.he cri- 
tical temperature (0. B. 94, 639; 718, 845). 

Wroblew»i {M. 9, 1067) gives critical tempera- 
ture —240® ; critical pressure 13*5 atmospheres; 
and critical volume *00335. If these results are 
confirmed, they show that Pictet’s statement, 
that H is liquefied at —149® is erroneous. 

Pictet (0. B. 86 , 106) subjected H at 0 . -140® 
to a pressure ot' 360 atmospheres ; on opening 
the stopcock ax opaque steel-blue jet issued; 

Pictet describes the fall of this jet on the floor 
as producing a sound like the rattling of shot. 
laUletet obtained^iiquid H by suddenly reducing 
ihe pressure on the gas at 300 atmospheres 
[A, Oh. [5] 16, 132). 

H is the lightest known substance; 1 litre at 
9® and 760 mm. at the latitude of 45® weighs 
08962289 gram (mean of results of Begnault 
[Acad. 21, 168] and JoUy [W. 6, 620]). H is about 
14| times lighter thsfia an equal volume of air, 

11,160 times lighter than water, 151,700 times 
ligjbter than Hg, and«236,000 times lighter than 
Pt Hris o nly^v. si. sol. water. It diffuses rapidly 
throdgpiirporoaa membranes, such as porcelain* 
paper; also through several metals at red 
^eat (Graham, Pr. 15, 223 ; 16, 429; 17, 212 , 

600). ^ 

Large volumes^ H are absirbed by pd 
and several other metals, especially when the 
metal is made the negative elqptrode in the elec- 
tzolysis of H 2 O. Graham (Pr. 16, 602 ; 16, 422) 
loond that MfoilgWhich had been heated in 
vacuo otM^uded 876,vol8. H a^ the ordinary tem- 
pe(atm#1p0 vols* at 90®-97®, an^ 526 vols. at 
246®. ktd. tjdre used Is the negative electrode 
in electrolysing water occluded 93^ols. H, and 
idSrSased in length from 609*14 mm. to 618*91 
mm^ From su^ data Graham calculated the 
8 .O. of the occluded H to be *788; later deter- 
minatfons 1^ Dewar gave *62 fP. M. [4] 47, 82^. 

V. infra HtosoosiiraM. According to Troost a. 

Bantdenille (C. B. 968) Pd and H form a |®known, ti^e ratio of the atomic weights of H and 


^definite eomj^and PdiH ; they think that this 
ecmwmA Is formed wnen H is occluded by Pd, 
iiad w eompoimdSthen ecmtimief to oodw or 


absorb more H. ^ T. a. H. heated the Pd which 
had occluded H in a closed space in connexion 
with auianometer, aportion of the H was evolved 
without establishment of any definite relation 
befveen the pressure and temperature, but when 
the H remaining vrs& in the ratio H:2Fd, a defi- 
nite relation was e^blished between pressure 
and temperature, so that for each temperature 
there was a oortain pr^ure whereat evolution 
of H ceased, and this pressure was independent 
of the relative masses of H and Pd. According 
to Favre (C. B. 77, 649 ; 78, 1267) for each gram 
of H ooQlu^ed by Pd, about 9,000 gram-units of 
heat are produced. T. a. H. found that K and 
Na ajso'ocolude H, 1 vol. of K occluded 126 vols. 
H at 0 . 300°, tile formula KjH requires 124*6 
vols. H. Na also seems to form a compoundP 
Na^H. Li at 600® oijd* 760 mm. occluded 17 
times itr volume of^ ; T1 only 8 times its 
volume. (For the df^ooiation-pressures of the 
compounds Pd^H, K^H, and NajH v. Dissocution, 
p. 398 ; for more details as to the properties of 
these bodies v. Palladium, Potassium, Sodium.) 
Thoma has carefully investigated the absorp- 
tion (ff H by metals [Z. P. C. 69). He finds 
that Pd, made the negative electrode during 
electrolysis of water, takes up and rfitains a defi- 
nite quantity <pf H; but that after this satura- 
tion-point u reached the Pd continues to absorb 
H, which, however, it readily gives up again; the 
total quantity of H absorbed depends on the 
strength of the current ; when no more is taken 
pp, it is very probable that H continues to be 
absorbed, but that as much is evolved as is ab- 
sorbed in a given time ; the increase in the 
volume of the Pd, for a given quantity of H 
absorbed, is greater when the saturatiop-point.is 
passed than before it is reached, hence the rela- 
tive density of what may be called the occluded 
H in excess is less than that of the H absorbed 
up to the saturation-point. Thoma has shown 
that Fe, like Pd, may be supersaturated with H, 
provided the H is produced in contact with the 
Fe. Plates or wires cff Ni, and also Al, ppd. On, 
Gu wire, Pt black, Pt wire, and Ag wire^ absorb 
H shpwing phenomena similaj^ to Fe (Thoma, 
2.C. ; Baoult, 0. B. 1869. 826 ; Bellati a. Lussana, 
Atti del B. institute veneto d. Sciense,Mttere ed 
arti, 6, 8 [1888]). 

H ir a reducer; it removes 0 and most othell 
negative elements from their compounds^. Oc- 
cluded H is a very active reducing agent; 
ENO,Aq is reduced to ENO^q (Bfittger, B. 6, 
1396); ferric salts are reduoea to ferrous, 
EjPeOy^Aq is reduced to E 4 FeCy,Aq (Graham, 
Pr. 17, 600); EOlO.Aq is reduced to EClAq; 
H,CO,Aq gives EjS, A^O,Aq is reduced to As 
(Gladstone a. Tril^, 0. Trans. 1878. 808 ; of, 
Berliner, W. 791 ; also Gooke, 0. N. M, 103). 

^ The atomic weight of H is taken as unity; 
the relation jj^tween the atomic weights of H and 
0 is very n^ortant as so many atomic weights 
are determined in terms o(|^that of 0. Various 
experiments have recently been made to deter- 
]^e the ratio of the deities of H and 0 
(Breotly; if this is known, and the ratio of the 
combining tVeig^ts of mese elements is also 


0 win be directly determined. Tim most adou- 
rate determinations (whioh oannot, howevSTt be 
regarded filUti) gitf the ftiio 8.G. ot 



HTDKQGEN. 


<rf 0- l:lS;884 (v. Rayleigh, N. 89, 462). The 
fttom o| H 18 the standard monovalent atom in 
terms of which the valencies of the oth«r atoms 
are sta^. The S.G. of gases is also generally 
stated in terms of H. ^ 

^ ^ ^ it may be burnt in 

O, 01, 1, 8 vapour, (fee. ; u 0 is caused to flow 
from a narrow orifice into a quantity of H which 
has been ignited at t]|^ opening of the contain- J 
ing vessel, combination occurs at the edgeg of*^ 
the moving stream, and hence the 0 appe^ to 
burn, and the H to act as the supporter of com- 
bustion. The flame of H is almq^t hon-lumi- 
nous ; the temperature is very high. 

Hydrogenium. This name wa^ given by 
Graham to hydrogen when it *is occiuded b|y Pd 
(Pf. 17, 212, 600). The experiments of Graham, 
Dewar, Troost a. Hauteiesille, and Thoma, have 
shown that wheif H isn^cluded by W it is very 
much condensed (for r^rences v. supra). Gra- 
h^ looked on H as a metal, and Pd charged 
with H Mb regarded as an alloy, hence to H 
alloyed with Pd he gave the name hydrogenium 
(names of metals generally end in um). There 
seems little d9ubt that a certain definite quan- 
tity of H is held by Pd in firmer union than the 
rest of tMb H which it is able to occlude (ia 
Thoma, supra). 4 

Reactions. — 1. H is burnt to HtO by mixing 
with ^ its volume of oxygen, and applying alight 
or passing an electric spark ; the process is ex- 




and 0 which combine cannot yet be regarded^a® 
settled ; according to the experiments of Scott 
(27. 184, 643) the most probable value is 0:H 
»2‘002:1 {cf. Water, vol, iv.).— 2 . H reduces 
many tp^tallic oxides^ sulphides, and chloi ides : 
c.g. CuO and FcoOj heated in H are reduced to Cu 
and Fe respectively; Sb^Sg is reduced to Sb; 


Fe filings and dilute acid are brought into copr 
toot with CbHjNOj aniline ( 0 ,HjNHJ is forths^ 
It is customaj^ to speak of such reactions as these 
as bmught about by nascertt hydrogen. That 
the reaction of KClO^q, for instance, is 
not to fie wholly traced to the H produced in 
contact ifrith it is proved by the fact that N 4 - 
amalgai^oes not reduce this salt, although H 
is plenwfully produced when Na-amalgam is 
placed in tfle solution (Tommasi,^P. B. 2 , 206). 
Nascent H is generally regarded as synonymous 
with atomic H, and it is contrasted with ordi- 
najy or molecular H. It is ]|pbable that H con- 
sists for the most part of atoms at the moment 
of its production from a compound, and that 
these thad combine to form molecules. Ab 
energy mu^ he degraded in the Ailing together 
of the atoms into molecules we should expect 
atoms of H lo be capable of bringing about 
chemical changes that could not be accomplished 
by molecules of H. But the facts cited with re- 
gard to the reduction of KCIO,, and there are 
many similar facts, show that— granting that H 
is produced in atoms when Zn and H^SO^Aq, or 
Na-amalgam and water, react — the whole of the 
chemical change must be looked to, and atten- 
tion Inust not be concentrated only on the 
H. If we start with the system Zn, H 2 S 04 Aq, 
KClOjAq, we may pass to the system ZnS 04 Aq, 
H^, KC10aA(f, or to the system ZnS 04 Aq, KClAq, 
Hp, or to a system which consists of all these 


plosive. The exact ratio of the volunses erf H J products ; more energy is probably degraded in 


passing to the third system than to any of the 
others ; this system is produced. But this view 
docs not hinder us from saying^hat when the Zn 
and HjSOjAq form ZnS 04 Aq rjid hydrogen, it i* 
atoms of H that are formed, and that some oi 
these combine to form molecules, and others re- 
act with the KCIO 3 to form*KCl and 1^0. ^ 


FeCl] is reduced to Fe. PdO is reduced at the I the case of Na-amalgam and KClO^Aq it is pro- 
ordinary temperature (Wohler, A. 174, 60). Be- j bable that much more energy is degraded in 
rarding the temperatures at which various ox- ! passing to the system NaOH, Hj, Hg, KC10„ 

’ ' than to the system NaOH, Hg, KCl, KLO. Pro- 
bably also in the case of Zn and H, 304 Aq the 
energy produced suffines to decompose some <Jf* 
the KC 10 „ and so KGlr and H^O are formed; 
whereas the energy produa§^ in the reaction of 
Na-amalgam with HP not (by hypothesis) 
BuflScient to decom|)ose any KCl^,. • 

Chemical relations of hydrogenmmSmBisjidB 
apart from the dther elements. In its relations 
to 0, 01, S, and other negative elements, itplfiffs 
the part of a metal; in its relations to the 
paraffins 0 |,H,„ 4.3 and parfffin alcoholic radicles 
it exhibits properties not at all charao- 


des, sulphides, and chbrides are reduced by H 
9 , Mtiller {Z. [ 2 ] 6 , 6 OT ; also Wright a. Luff, 
0. Jm ii^ans. 1878. 1). H also reduces many me- 
lalUe salts involution ; e.g. warm solr^ions of 
chlorides .of Pt, Pd, Ir, or Rh, are reduced with 
ppn. o4 the metals; some* salts in solution are 
reduced only under considerable pressure, e.g.^ 
HgO^Aq is reduced at 100 atmos. The reduc-* 
Uoft of AgNOaAq by H proceeds very slowly at 
ordinary temperature {v. Russell, C. J. [2] 12, 3). 
As already stated (supra) Pd or Pt charged with 
H is a very energetic reducing agent. (Regard- 
ing the reaction of H and 0 in presence of CO 
0. Gibbon, voL i. p. 690.) 

Comiyinations. —1. H combines indirectly with 

S to form CUj^ (v. Copper hydride); it 
ly also combines with pefiladium, potas- 
siwm^ and sodium (v, supra).— 2, H oomMnes 
wi^ all the non-metals ; direotlB with 0, N, O, 
S, 8 e, Te, ?F, 01, Br, I ; indireoly with P, As, 
8 b, Si, ?B (v. the iprious elements). 

Nascont hydrogen.— Certain. r^ucUons not 
brought about by H are effected when achenucar 
change in which H u produced is carried oul in 
presence of the body to be recRioe^ e.a. KCflO,Aq 
is not reduced by passing H through the solft- 
lion, but if Zn and dilute H 3 S 04 Aq are placed in 
le solution KOI is formed ; so O^H^NOg is not 
ititraed 1^ H ordinary conditions, but If 
Von. u. 


teristic of metals. H is a constituent of all acids, 
and also of all alkalis. Some of the binary com- 
pounds of H are powerful %oids, some are alkaUs, 
some are neutral bodies. In the p'eriodio ar- 
rangement^f the elements H m the 

only member of serAs 1. The olflerenoe be- 
tween the* atomic weights of vwo consecutive 
members of the same group, in odd an^tven 
series, is about 22 ; the diflerenoe between the 
atomic weight of H and that of li, which foUows 
is carri^ o3 in Lh in Group 1, 3l 6 . , 

.A - - irnin * - F EeferencBs to older vforks 0» hyarogms^ 
Soheele, Crell Ann. 178 ^ ii. 229 , 291 ; Oamn- 
dish, Crell Ann. 1786 . i. 824 ; Watt, OfsU 
Ann. 1788 . i. 23, 86 ; Meusnier a# (lavolti^ 
Orsll Ann. 1788 . i. 854 , 441 , 52 $ ; 

Ml 
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Dumaa, 0 . B. 14 , 


Described under An- 


gava that 70 p.o. acid is tlie best concenwawoo w 
us^ Much work has been done ^ the soor^oo of 
H,6, in the electrolysis of H^SC^q. Riehaw 
a-ccand W. 24, 183) roRatd. toe H,0, a. a pr^ 
du7t“ toe reaction it HA®. V ^“* 3 - 

lysis) and H,Oi vrhep 68 p.o. 
tte inonnt ot HA inoreases. and then 
loonstant. but t^e Hj^^^goee on 
stopping the current HA increases 
and H,S„0, notably decreases. In a solution 
' “ntoingH SO. and RAO. ?e latter slowly 
aid £ 0 . is produced. Traubo holds 

tost^&e^0.isdirecflyp^uced^bytoe^Uon 

H«!?a?l*B“°irnU;’20, SMS^.^The HA 

is always formed aVthe “Be***™ 

6. According to Berthelot (O.B. 86, 71) 

formed by shaking v^ery 

adding wW.-6. BuTihe oxida^ of ve^ 

dilute NH,Aq ^ Of ^ - 

-NH^NOAq + ftsOdl (Carius, B. L 1481)- 

7. By placing a solution oj ^ahq)^ 

bell jar (Struve, W. ^ C^nd « 

8 By burning H in air (Struv|. /. 1870. lOD, 
2b9).-<^. By shaking various essential oils con- 
7 . water in nreaence of air 


Dulong, A. Ch, 15, 886 
B^drogen antlinonide 

”*Hydn«en armies. Described un^etsda- 

“"SySogMi^lSrlde «. Boson hiubim. toI. i- 

^'*Hydtogen bromide «. Bapnurniaa som, 

earbldes *. Htoboossbohs, this 

ebldiMo v. Ohloshtomo aoid. thia 

”^^toogen imoflde o. FncoBHinaip^ som, this 

^^fetogen^odide v. Iodbtdmo kta in toI. UU 

l^ogsn nitride v. Aiwostv vol. i. p. 196. 

^dngen osides. Two oxides ot hydrogen 
are toOT*. RO and HA The former has 
bean gasified, end its moleonlar oompositidn is 
npreeented by toe formula A®! q 

STil^^iuUiouot ‘'‘e"®s“«a 1 SuTie^^en": wiTh-^; in P^rh*'nt 

atomic aggregate of this compound. nV Jje /Q«\>Anhpm J vr 99, 11 ; liadenowitsch, B. 6, 

“c^^und; iu its chemical relatione It IS ! Sehbnbem J. pn 2io)._10. During 

anenttal oxide; ‘'^T'^‘|t“rTOlal“clc- 1 mhnypMcetses’of oxidation in presence of water 

rt'ii. srsnss’t.stiS -f ! s'-f: »»“ 

txfdiser. Water combines with many com^unds , ^0 i^ ^ obtained by 

»d with some events to '«« 1 :{,onSrheXg Ba(N0.),; the stmam of 0 was 

^XdfeTto pp- i 'O’: 

. v'-^ «AyftTide directly combmet 


hydroxides (o. fimiuTBS 

Iw 733) ; hydrogen peroxide directly combines 

with but few otoeifebodieo. 

• Hxdbooxn monoxidb or Watkb, v. Water, in 

’“'■mnsooEKMOXins AO... (Sydrogenper^. 

Oxvaenated loater. Sometimes also called hy- 
Iroxylt but this term is now universally 

Sa for toe radicle OH.) .Th« “’“P™"/ 
was first prepared by lii6natd in 1818. (T 
naml’fl chief memoirs ire contained in A. Ch. 8, 

OMtaidf 414 ; 10 114. 335 ; 11. 85 | ^ W 

206 ; 60. 80.) AO, Bas not been obtained quite ,rith ppn. by ASO^q 

‘"*(Sfe^'-Inrein.water^ndsnow(8trave.l These prooesses were repeated 

Z [21 5, 274 ; Houzeau, C. B- 70, 619 ; cf. At- 

L«Kra,yol,.i.p.333). AcordingtoCle^opt 

12 80 1691) HdPt occurs in &e juioes of 
tohaooo plants, vinesv and lettuces ; WUmter (B. 

19 3196) asserts the occurrence of HjjOam many 
aniSa and vegetable secretion; but Bokorny 
(B. 21, 1100) points out that his test was moon- 
dusive. ^ 


-1 By deoomi>OBing various per- 

W iiiito acids, BaO, by HjSOgAq, 

or ABa-A. or by ^tono 


^Sabeto”.T7;’2MrtoiWC. 0. 1862. 

OTi^oflina^ A. 136, 188).-2. By .baking 
Zn or Fs powder with weto in P"*®?®*, *' ^ 
JadifinlfeinT /. vr. 106, 219; Hoppe-Seyler, S 

10 86)*-%oByihe action of Ixydrogem^ 

Pd on water in pre 48 noe ot 0 
6», 2484, 2461 ; V 


maintained for littcen minuicB -r 

patently oeesed to be absorbed. JP" ^‘•‘oi 
preparing pure BaO, v. vol. i. p. 448.) The BaO, 
was^ allowed to cool in 0, and then placed m a 
Xppered bottle. 200 grame RO were then 
mixed with sufficient HCl to neutralise about 
16 crams BaOA; this dilute HClAq was placed 
in a Ft vessel sunounled by ice, and 12 gr»“i* 
BaO„ slightly moistened 

in an agate mortar, were added, the TO was 
' then ppd. by ASO.Aq: 12 g<*“. ’T 
again added, and the Ba ™ »8.““ 
tto liquid was filtefed, and ^ BaO, 

in two portions, with ppn. by H,80>q, was 
repcatetf. These prooesses were repeated unti. 
about 100 grams BaO., had been used. diO, 
Al 0 Fe-O,, Ac., were removed by adding cone 
D PO Aq and excess of BaO,. After rapid ftltra 
ti^ traces of HCl were separated by oautiou 
additi^of powdered Ag^SOg to “Juition 
rounded by ice. After another rapid ^traUo® 
HwWsAq was removed by addition ^ther o 
BaO^ suspended in water, or of 

2 !^elouze^(i;. Berzelius^ Ld/»r6ijch, 1, 411 
decLposed EaO, by 


ona 

8. 'ThomMn IB. 7, T^issol^ 
dered BaO, in dilute HOttq untU the acid is 

nearly neutralised; «^tter jUteation ? 

cffolcd and BaOAq is added sufficient to ppt. 
8 iO Ai„o., ijid other oxides* and to p^uce a 
S&t pp of Ba^SHP; the Um^d is again 

&"lnd«uxrfirito«o^B^^ 
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adding it to cold dilute H^SOAq (not more oono. 
;han 1 part by weight ^BO« to 5 parft H^O) 
irith constant stirring, until the acid is nearly 
neutralised ; after settling and filtering, he ppts. 
(he remaining acid by oautipnB addition of ^ate 
BaOAq. ^ 

4. Mann {CJiemiJeer ZeUung^ 12, 867) reoom- , 
cnende to add a t to commercial 

01 , 0 ,, and then, while stirring vigorously, to add 
BaOjEL until exactly neutral to litmus ; then to 
pour the .clear liquid into cold cone. BaOAq, 
to wash the ppd. BaO» 8 H;iO, and tcwdloompose 
it by dropping into cold dilute H 2 S 04 Aq contain- 
ing 12 p.o. removing ainr exceed of, acid 

by dilute BaOAq (o. also Sc^dne, A. 192, 25'2). 

The solution of H^O, obtained by one or 
other of these methods* n concentrated in vacua 
over HgSOff with {^itatii^ from time^to time ; 
if SiOj separates it muSr be removed, else it 
will decompose some of the HjOj. The liquid 
begins to grVe off O when it is so cone, that one 
volume of it will yield about 260 vols. 0 , a drop 
or two of H 2 SO 4 is then added, and evaporation 
is continued, l^early pure is thus obtained. 

1 vol. will give 475 vols. 0. It is kept in stop- 
pered glass^Xubes surrounded by ice (Th^nard). 
Hanriott (0. R. 100, 172) concentrates ! 

by distillation under reduced pressiAe ; a solu- ‘ 
tion, 1 vol. of which will ^ve 267 vols. 0, can 
thus be obtained. A solution so cone, that 1 vol. 
yields 0 . 70 vols. 0 is obtained by freezing«dilu^,e 
HjOjAq, crystals of pure HjO separate (Hanriot^ 
CI.R.100,67). , . 

Properties.— The most cone, solution or HjOj 
obtained as described under Preparation is a 
gyrupy l^fluid S.G.- 1-463 ; it does not freeze at 
--80®; in vacuo it volatilises unchanged (Th6- 
nard). Has a harsh bitter taste ; corrodes the 
cuticle. Thomsen gives the thermal data; 
[H‘SO*,Aq] - 46,800 ; [H*0,0,Aq] - - 23,060 ; 
rH-'0’‘Aq,H*] - 91,420 {Th. 2, 69) ; Berthelot gives 
[H*0* - H'O -I- 0] - 21 ,480i A . Ch. [6] 6,^09) . Ac- 
cording to Hanriott (Bl [2] 43,468) oono. HAM 
has anaaoid reaction towards turmeric, and an 
odour resembliaf that of nitric wid. H*0^q 
slowly decopaposes ; if very dilute it may be kept 
indefinitely (Berthelot, C. B. 90, 897) ; very di- 
lute solutions may even be boiled without change 
iSanriott, C. R. 100, 67). Traces of imp urities 
ffr«a% modify the stability of HjO Aq; acids 
Sorease, alkalis decrease, the stabOity. Very 
cone. H,OAq rapidly evolves 0 at 20° ; heated 
quickly to 100° 0 is evolved with expl^ion ; 1 
voL of the most oono. solution obtained by 
Thlnard gave 476 vols. 0 at 0° and 760 mm. 
It is customary to state the oono. of oommei^ial 
> HuOaAq as so many vqlumes, e.a. * 20 • 

^ this means that 20 volumes 0 ye obtoable 
from I Tol. of the solution. H,0, is soluble^n 
all proportionB in water, also in alfohol ; but it 
slowly reacts with the alcohol ; «. soL 

' On shaking this soltij^ with water the all 

?oea into solution in tne water (Schfinb^, /. «r# 

g ^ ft# TT-rt- !■ d«. 

composed 

edmng t( 


rbaoting 

aoid 

>4* 


Reactions.— BjOt contains a larger per- 
centage of 0 (94*1 p. 0 .) tha^ any other 00 m 
poun^ it readily parts with ^ of its 0, and 
theiafore reacts as an oxidiser ; in some oases* 
howeveif it acts as a reducer, s.g. Ag^O is re- 
duced to Ag and PbO, to PbO (v. infraj. 

1. Aluminium, iron, magnesium, and ihaU 
\j,ium are oxidised to the hydrates FeOaH,, 
A10,H„ MgOaH, and T10j,H„ according to 
Weltzien (A. 138, 129).— 2. Most metals except 
Au and the Pt metals are changed to oxides. 
8. Several non-metals are oxHised, generally to 
their highest oxides, s.p. Se and As. — 4. Very 
many oxides and oxyacids are converted into 
more oxidJrod. compounds, e.g. A^O* to As^O,, 
HaPO, to H,^ 04 , CaO, SrO, and BaO to the di- 
oxides MOa, ferrous to ferric compounds, PbS to 
PbSO,, TlaO t<? TlaO, {V. Schdne, A. 196, 98)* 
K 4 FeCya to K,FeOy, (Weltzien, A. 188, 129). 
SevAal metallic salts yield peroxides when 
treated with HjOj in presence of ammonia, a.p. 
salts of Bi, Ce, Co, Ni.— 6. Sulphuretted hydro- 
gen very slowly forms H^O and S (Fairley, C. J . 
[2] 16, 23).— 6. Hydrogen iodide forms HjO and 
I.— 7. A solution of chromic hydrate in ^tash 
is oxiAsed by HiOj to KjCrO* (c/. Reac^on 11 
1 infra).— Ammonia in solution is oxidised tc 
NH4N02[4NH,Aq + = 2NH4NO^q + 8H,0] 

(Weith a. Weber, B. 7, 1746).— 9. According to 
Fairley (0. J. [2] 16, 125) the unstable compound 
is formed by adding alcohol to a 
mixture of equivalent weights of caustic 

soda (u.also Schone, A.192,241). Caustic potash 
reacts somewhat differently, givMg a mixture of 
KA with KOH.XAO (Schdne, 

10. H.H, reduces ozone, forming H.0 and 
oxygen. Brodie (T. 1860. 769) showed that ^ of 
the 0 comes from the ozone and ^ f*^om thes 
HjO, ; this result was confirmed by Schdne (A. 
196, 239) ; Schdne used neutral solutions of 
H,Oj, Brodie used alkaline solutions.- 11. Seve- 
ral metallic peroxides we reduced by m 

presence of acid. Foi* instance CrOj m HySO* 
solution gives a blue •colour, but thia swn 
goes, and green OrjSSOi^is pr(^uoed (c/. Rs- 
action 7 supra ) ; Berthelota thinks that pe^ 
chromio acid HCrO* is formed and then r^noed 
by the excess of HA*. Moissan reg ards the b ine 
•body as CrO,.H,0. (v. CrO, under OiUBllUM, n. 

1 166) ; MnO| in presence of an acid forms & 8^t 
of MnO and evolves 0 ; for every MnO, u^, Oj 
ishvolved (c/. Reaction 19 tt^rn). Brodie showed 
in Buol! oases ^ of tjne 0 evffijed comes 
from the H^O, and \ from the metalUo 
(0. /. 4, 194 ; 7, 8«4l cf. ^hoB. /. 81. m). 

According to Lenssen {J. pr. 81* 278) 
oxidises metallio oxides ilitpresenw of ^^s 
when the alkaU oan combine with toe hi^er 


^8. 92). An acidified solution of ^0, is dt- 


q>,+i 



wton ^"l^dtonn, » itobta mS* wi* 

oxide, CtO, to Cr.O, in preemw ot TOOj. 

12. Potassium dichror/tats is 

in neutral solutijas to CrO- in 

to a salt of OrA (Schdnbdfn, /. Pf. TO, 

JjSiolf, /. ®r. 81. 401).^1«. 

manganaU in prssenct of ^ 

SnBOft tom 

+ 2Mn80^ +aHiO ^ 

I too 0 oomes tem thi bfi% 

8 4-2 
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Iroin the KMn04. Accc rding to P. Th^ard (C. 
JR. 75, 177) KMnO|Aq react when kept 

at a low temperafare, but no 0 is evolve#; Ber* 
tbelot (0. R. 90, 656) confirms this, he tl|lnkB 
ao oxide H20*,.9;0 is formed.— 14. SUhr oxide, 
Ag,0, is reduced to Ag by HjOj*, AgjO + HjO, 
«H20 + 03+2Ag: HgO reacts similarly. Ber-, 
thelot (C. B, 90, 672) thinks that ap oxide Ag40, 
is produced.*— 16. According to'Hanriott {Bl. [2] 
43, 468) HoO, reduces FeMing's solution.'* 

16. H,6, reagts with chlorine to form HGl 
and 0; 2HG1 + 0.. Schdna (A. 

196, 254) thinks the reactions may be 
HjOj-f OH, + Cl2«=H20 + 03 + 2HCl.— 17. Jodim 
lorms HI an^ 0, byreacting with Aifijte H^OjAq; 
but HI decomposes more cone. H^,Aq to form 
H3O and I. In the reaction between I and 
H3O3, an oxyacid of I may be pr^uced and then 
decomposed; when I is added to KOHAq con- 
taining H3O3, only KI is formed (no RlOj^ apd 
0 is evolved (c/. Fairley, C. J. [2] 16, 22). 

H3O, is decomposed toH,0 and 0 by several 
substances which at the close of the reaction 
remain the same as they were at the beginning. 

18. Platinum, gold, silver, and charcoal, 
added to HjOj, cause evolution of O and forma- 
tion of H,0. Fibrin and some other organic 
substances bring about the ^same change. 

19. Manganese dioxide added to' HjOj produces 
0 and H 3 O, and the same quantity of MnO, 
remains as was originally added (for actior 
when an acid is present v. Reaction 11 supra). 

20. Potassium iodide with pure H^O^Aq causes 
evolution of 0,'bat no I is liberated (Kingzett, 
0. J. 37, 806;<‘ Sch6ne, A. 195, 228). Schone j 
supposes that a series of changes occurs, pos- 
sibly the K salt of an oxyacid (? hypoiodite) 

*is formed and then reacts with more HP, to 
give KI, H,0, and 0. Ordinary commercial 
£,0,Aq liberates I from KI.— 21. Potassium 
romide and chloride both cause evolution of 0 ; 
EBr more slowly than El, and KCl more slowly 
ban EBr ; no Br or Cl is liberated (Schdne, l.c.). 
12 . 4 tortam salts, e.g. ^I'^ajSO,, also decompose 
bnt the salt is^he same at the close as at 
he banning of tfie reaction (v. Schone, l.c.). 

23. The eamii» alkalis decompose ^0, 
irit b^QTm atipn of 0 and ^0 ; Schone has ex- 
imiipiPBiese reactions ; he ^links that the first 
prodnots ue HjO and compounds M,H 404 (M 
»> alkali metol), these compounds have been 
isolated (p. VomhjpuUvms, infra) ; these edm- 
nnds then decogipose to alkfili, H,0, and I 
Schdne shows that the rate at which HjO, j 
is decomposed by alkalis isnaodifiedby tempera- ' 
tore, light, concentration, traces of impurities, 
and the condition eftbe surfaces of the oontain- 
hig vessels. • . 

* HjO. i^a represei^jlstive peroxide; its re- 
actions^ are 4 similqr to those of BaO^ SrO„ 
dtp,, and the orgai^ peroxides such as acetyl 
Mrpfide (C 3 E, 0 ) 30 ,; it cannot be said to have I 
(Oisfomtiy basic or acidic properties, but on the 
u^ie it is more acidic Aan basic, e.c. in the re- 
actioci^BaO(H^H|0 + CLO^o^BaO^l^O 4* 
there ie probably in exchange of the H of ^0, 
iikrthesk^ Ba. ^ 

Comhiaallioiii.— Sohfitte (i* 193» 367) has 1 
bbtaiue# bodks ij^loh are probably compounds 
0 $ HP, with the peroxides of the tikali an# j 
^ItouiitMithiaefa^ When I efuiT# SOB in | 


solution was added to about 8 equiv. H3O1, 
the liquid was evaporated in vacuo and ths 
residue dried at -10^, a white solid K,03.2H|0, 

( « k^H^OJ was obtained. Using about the same 

S tions of NaOH and HgO,, the compound 
0,.4H,0 (?-.Na,0r2H,03.4H30) was ob- 
. Both tuese compounds are easily de- 
composed by Arming vq||th evolution of 0. The 
compound Ba0,.H,02 was obtained by direct 
addition of its constituents, or by adding a 
certain quantity of NH^Aq to a Ba salt solution 
in presence of H,0,; this compound is very un^ 
stable, it easily goes to BaO„ HP, and 0 ; if 
the ^eo&mpositipn is effected by warming under 
water, crystals of BaO,.8HP are formed. In- 
dications of the existence of compounds of HgOf 
with CaO, and BrP^vwere obtained, but the 
compouifds could notiji isolated on account of 
their great instability 

Detection and Estimation.— produces 
a blue colour in a dilute solution bf guaiooum 
mixed with an infusion of malt. Addition of a 
few drops ^of Pb acetate solution, followed by 
KIAq^nd starch and a little Acetic acid, pro- 
! duces a blue colour (Schonbein, J. pr. 86, 129 ; 
Struve. Z. 1869. 274). Richarz f^V. 31, 912) 
says the besV reagent for detecting Hp,, espe- 
cially in pt>sence of SgO,, is a solution of titanid 
! acid in j^SO, ; a very yellow pp. is obtained ; 
this pp. decolourises the same quantity of 
KMnO^Aq as the HP, in the solution from 

f 'hmh the pp. was obtained (c/. Soh6nn, Fr. 9, 

1, 330 ; D. P. J. 210, 317). 

According to Hanriott {Bl. [2] 48, ‘468) Hp, 
is best estimated by measuring the amount of 
0 liberated by reacting with MnO,. l|,may also 
be estimated by measuring the quantity of 
KMnO, reduced, or the 0 liberated by reacting 
with KMn04Aq ; Kingzett (C. J, 87, 806) says 
no acid should be present: the reaction is 
2KMn04Aq + 8H,S04 + 6HP, 

» K,S04Ac(^+ 2MnS04Aq + 8H3O + 50, 
KIAq may be brought into contact with 
Hp.,Aq, and the I estimated by dilute %^andard 
Nag^iOiAq; best in presenoacof much dilute 
H,S04Aq (Kingzett, lx.; cf. Schdne, B. 7, 
1696 ; Hamel, 6. B. 76, 1023). u 

Hydrogen phosphides v, Phospbobus, ht- 
DRiDBff or. • 

Hydrogen selenide H,Se. (Selenietb/d^^r 
seleniuretted hydrogen. SeUnJwdUric acid. Hy- 
droselenicacid. S^enion hydride.) Mol. w.80‘6. 
This compound is the Se analogue of 8H,. 

Formation.— 1. By leading H over Se heated 
to e. 400^-500® (Corenwinder, A. Ch. [8] 84, 77 ; 
Wbhler a. Uelsmann, A. 116, 122) ; or by heating 
H and Be in a closed |ub« to 0. 440^ (Haute- 
feuille, 0. fi. 64, 608). According to Ditto* 
B. 74, 960) combination of H and Se begins 
at 0. 250^^is at its maximum at e. 620^ and 
then deoreftes to 760®^ere it ceases.<*2. By^ 
the action of Se on X^gas at the ordinal^ 
iemperattiro (Hautefeui^, Bl. [2] 7, 198); in 
jnresenoe of water, however, SeH, and I give Se 
and HL According toJSantefsuiUe {0. B. 66, 
1664) 8e£^ astil I areVodtioed by heating Se 
with fairly cone. HIAgin a sealed tabe, bnt on 
cooling Se cmtallises and BDbi remhis.— 
8. By the action of waieir on 8e phonMde 

teeoinxiMiids tlM at the Mit smiod fot^pa* 


c 



hydrogen. 
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lireating i’eSe (obtained by strongly heating^ 

Se) with fairly diluted HCUq (v. Biyen 
Shimidzu, 0. J. 47, 441). • 

^ ProperHes,-~-k colourless gas with most 
irritating odour, reserabliHa; that of SHj and Cl 
combined. Extremely poisonous. A minute 
qtiant% of the gSb inhaled reinoves the sense of* 
smell for a time, and J^oduces violent headache. 
•h working with this conmound great precautions 
must be taken. Berzeuus thus describes the 
effect of allowing a bubble of the gas to pass 
into his nostrils : ‘ Bei meineni erstcm Versuche, 
den Geruch dieses Gases kennen zq lernen, 
hatte ich, als eino Gasblase^ vielleicht »nicht 
^ grosser als eine Erbse, in elnes der AasenlSfther 
gelangt war, fiir mehi;ere Stunden so ganzlich 
den Geruch verloran, daft Pch ohne daa geringste 
GefUhl das starkste AflluDniak unter die Nase 
halten konnte. Der Getuch kam nach fiinf bis 
secha Stolen wieder, aber ein aehr heftiger und 
beschwerlicher Schnupfen hielt vierzehn Tage 
lang an ’ {Lehrbuch [6th ed.], 2, 213). SeH.^ is 
more soluble jp water than SH 2 ;«the solution 
reddens litmus; it quickly decomposes# in air 
with ppn. Se. 

Reactions. — 1. Heat decomposes SeH^ into 
4 Se and H. Ditte (0. li. 74, 98C^ ^ys that the 
change begins at 160°, is conaideraole at 270°, 
but then decreases until it reaches a minimum 
at 620°, after which it again increases ; if H is , 

E assed over Se heated to o, 600° SeH^ is fonifbd, j 
ut is again decomposed on coming into the j 
colder part of the tube, so that crystals of Se i 
are formed on those parts of the tube. Ditto's 1 
results would show that the dissociation-pres- 
sure of'SeH, does not increase regularly with 1 
increase of temperature {v. remarks on the | 
action of heat on SeH.^ under Dissociation, p. 
398). — 2. Moist air causes decomposition of j 
Sell, with separation of Se. — 3. Electric sparks ' 
cause separation into Se and H (Bertholot, BL j 
[23 2C, 101). —4. Many metals decompose SeH.^ j 
when heated in it ; by heating with Sn a volume i 
of Seftj gives i^ts own volume of H.— 6. Towards 
metallic oxides dnd §alis SeH.^ acts very similarly 
to SH,; it'ppts. selenides from solutions of many 
Balts.—^. Dilute sulphuroits acid reacts with ex- 
•cess of HgSe to form Se and a little SH.^ the re-< 
nations probably are (1) 2SeH^ + l£^SO,Aq 
280 + S +Att,OAq, (2) SeH,Aq + S = SH Aq + Se 
.(Divers a* Shimidzu, C. J. 47, 441). When 
£436 gas is passed into SO.^q a pp. is formed 


containing both 3 and 3e, probably^ seleno- 
thionio acid (D. a. S., f.c.).— 7. When H^Se is 
brought into contact with sulphur £^3 an^ Se 
are at once produced (D. a. 3,, i.c.). 

Hydrogen sUicide v. Sxucon htdrtde 
in yd. iv. * o 

SQrdrogea, sulphides of. Two sulphides of 
H are known, ILS corresponding |rith H,0, and 
a persulphide H,8^8 probably corres^nding 
with Ht<!v sH^hide HgS in solution acts 
as -a weak acid; the persu^hide is generally 
analogous in its reactions to e 

* HrnaooiNsubBSbiH,S..(H;^dropenfiiowo. 
Utto/rtds. SulphurtUtd hi^en. Sulj^hydrip 
stb&. Bu^htoiMwricacid. Bydfolhi^a^) 
Mol, w, fe*98. To. -86-6«3 (Fatgday, T.184d.l, 
fo. -ew At 700 mm.) j^imuU, 


•242^(Croul]eboi8, A. Oh. [4] 20, 180). S. at 5° 

3 96, at 16° 8-28, at 20° 2-9, at 26° 2*6, at 80° 
2*38, |t 40° 1*86 (SohSnfield^. 98,26; 96,10), 

5. in alcohol at 6° 14-78, at 16° 9-64, at 20° 7*41, 
at €5° ^-62 (Carius, A. 94, 140). H.P. (from 
white amorphous 3) [H^S]- 4,740; [HSS.Aq] 

«=* 9,200; [H‘'S,Aq]»4,560 (TA. 2, 63). Vapour- 
pressures of condensed H.S in atmos. (Faraday, 
T. 1845. 1,* 661- 70° -109, -60°»20, -40° 

^ 2-86, - 31° - 3-96, - 18-9° » 6-96, - 8-33° - 6*36, 

+ 8-^ ==13-7, 11*1° -14-6. 

The gas was known in^e ICth and 17th 
ceitturies; it was first accuWtely examined by 
Scheele, who regarded it as a compound of sul- 
phur, phlogiston, and heat. 

Occurrence. — In gases from ifrolcanoes and 
fumarolea. *10 many mineral waters, e.g. the 
Harrogate waf^r. Sometimes in small quanU- 
ties in sea-water. It is said to be found in some 
new wines, probably formed by the acids decom- 
posing sulphides produced by the reduction' of 
sulphates during fermentation. 

Formation, — 1. By the decay of organic 
matter containing S compounds, or of organic 
matter free from S in presence of gypsum. — 

2. By jiealing various organic bodies, e.g. suet or 
paraffin (Heinsh, J.pr. 1838. 42 ; Galletly, C. N. 
24, 162) with 3.— 3. By the dry distillation of 
S-coutaining, organic material, e.g. gas-coal. — 

4. By reactions between various acids and me- 
tallic sulphides. — 6. By the reaction of oono. 
hot HjSO, with Zn and some other metals. — 

6. By the electrolysis of cone. By 

heating 3 with very cone. HIAo —8. The direct 
union of H and S occurs wheif H and 3 vapour 
are passed over pumice at c. 4*0° (Corenwinder, 
A. Ch. [3] 34, 77), or when H is passed over 
boiling 3 or is burnt in 3^ vapour (Coasa, B. 

1, 117 ; Merz a. Weith, B. 2, 341 ; cf. Myers, S. 

6, 209), or by passing electric sparks through a 
mixture of H and 3 vapour (Chevrier, C. R. 69, 
136 ; c/. Boillot, C. R. 70, 97 ; and also Grove, 
C.J. [2] 1, 263).— -9. Boiling water is said not to 
be decomposed by 3 (j . de Girard, C. R. 66, 797^ 
Gelis, C. R. 56, 1014 ; ^Geitner, A. 129, 361 ; 
Cossa, B. 1, 111), but the experiments of Cross a. 
Higgins {C. J. 35, 249) mike it very probable 
that when S is boiled witlf water small quantities 
of Hj3 are producea. By heating 3 to 

200° (Geitner, At 129, 361), or by passii^ steam 
and 3 vapour through a glowing glass tube (Myers, 

108, 123) ILS is produced.# 

Pre 2 )aration.~L Iron sgilphide, FeS, in small 
pieces is placed in a flJkik connected with a 
washing apparatus containing water, and dilute 
H.^SO,Aq, or HOtAq, about 3 to 4 parts water to 
1 part cone, acid, is added little by little, with 
shaking. (The FeS maj be conveniently pre- 
pared by hiating* three parts Feelings wijh 2 
parts powdered 3.) IfctheBLS isio Itt oolleoted 
over watery hot water should tte nsea ; if it is 
necessary to store it in a gasholder a stiiition 
of brine should be employed in the ga||^oider. 
The gas may* be driec^by passing through a fuo- 
oession of CaCl^ tubes (H.^S 04 most not be useli 
Ua it decomposes H^S). T^ £(,3 thuifpiepSited 
usually contains H (as tlmFeS dually fxmtAhil 
Fe) , and frequently hydridH of Ai and 3b. Vatio# 
methods have been suggested is mt Hd oil 
sible traces of AsH,; 0. voi^def Pfotat^ 
msnds to past the ^ed gM thfbtii^ A 
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tainixig oommerelal * liter of inlphw ' healed to 
S^M60^ and then ihroogh Na,00,iLq (R 17, 
S897). Jacobsen (B. tN), 1^9) says that every 
trace of As may^be removed by passms the 
gas through 2 or 8 grams of coarsely^powd^ed, 
air-dried I» interspersed with glass-w^ placed 
in a tube at the ordinary temperature.— 2. Pure 
Sfihtils Sb^f is decomposed by dilute HOlAq ; 
the H^S is nearly pure.— 8. Fresenius (Fr. 26, , 
889) recommends the use of oaloiihn sulphide. 
It is prepared by strongly heating a mixture of 
plaster of Paris and charcoal; the sulphide is 
mixed with one-fmirth its weight of plaster of 
Paris and enougn water to make a cream ; the 
whole is poured into shallow paper trays ; after 
setting the block is cut into pieceS^^hioh are 
dried at a gefrtle heat. By plaoW the dried 
pieces in a Kipp’s apparatus and adding dilute 
HOlAq, a stream of is obtained which can 
be really controlled. — 4. According to Divers a. 
Shimidsu (0. J, 46, 699) an aqueous solution of 
Mg hydrosulphide is a most convenient source of 
as the pure gas is evolved by heating this 
solution to c. 60^. The solution is prepared by 
passing (made from ordinary FeS) into a 
large flask about half full of water containing 
magnesia (preferably freshly calcined) in suspen- 
sion; not more than about 1 part commercial 
magnesia should be used to 10 parts water; 
when the magnesia has all dissolvCa the solution 
is placed in a flask with delivery tube and warmed 
to c. 60^ on a water-bath, when a steady evolu- 
tion of pore H,S proceeds ; by raising the tem- 
perature to 90^-100° more H,S is obtained. The 
solution of Mg hydrosulphide may be kept un- 
changed by closiag the flask vrith a cork covered 
with paraffin. When the solution has been ex- 
hana^ it is allowed to cool, and then again 
qhnrged with H,S, ^hen it is ready for use again. 

Many pieces of apparatus have been intro- 
duced for the preparation and use of H^S in 
lalroratories ; they are described in Manuals of 
AruUytiedl Chemistry. 

pTMeriits. — H,S is acoolourless gas with a 
‘ meet <mensivc odour; ibss very poisonous; sol. 
in c. ^oh of H,0, mom sol in alcohol (o. data 
at beginning of sr^ £[,S is liquefied by pres- 
sure and cold. The mpst convenient method, on 
tise smili sca^, is to place oome H persulphide 
(not thcoiosghly dried) (y. p. 727) in a A shaped 
tube; the persulphide is gradually decomposed 
lur moisture into H,8 and 8 ; after a few 
-—'-I the othdr limb of the tube is placed in h 
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ireesing mixture, ibd HB distUa into, and 
liquefies in, this limK Meisens fC7. B. 77, 781) 
allows charooal to absorb places the char- 
coal in one Umb of a A tnbe, the other limb 
being in a freeaing, stixtnre, and distils. If 
made in the ordinary way to be liquefied by 
piecsnit, oaiMDust be taken that tito m is free 
H. eldqitid HB i#a very mobile, trans- 
parent. tdirae&e l^oid; 8,G. o. boils at 
, -81^ al 760 mm. pressure, and smidifles at 
-85*67, is easib bnmt in air to H,0 and 
SO.; H ia decomposed byMftassingfbroiigh a hot 
tube at e. 400« (Myers, A. 159,<t2^, or by pas^ 
Sng eleem sparks through it HaSAqdecoxxK 
poses by enosure tetair with separation of 8. 
rot an exaniuiation of the rate of decomposition 
ll under diflerent conditions o. Baab 

*» to ithm sotution keeps beat In a 


corked bottle inverted Under water, in iw 
chemical relations H,8 is similar to H,0, but 
it is mOre decidedly acidic ; H,SAq reacts as a 
moimbasio acid. 

Asaefiom.— 1. HjS is easily decomposed; 
when heated to e. 4^*^ it is separated into its 
elements (Myers, A. fb9, 124) ; it is also decom- 
posed by electric sparks. — 2. \^en hwmt in air 
SO, and H,0 art produoq^.— 8. HaSAq soon de- 
composes, with separation of S, by exposure 
to the ain— 4. Moist H,S wdrmed in pfresenoe of 
aW or oxyyen produces BLSO,.-— 6. Most oxu 
dising a^ei^s react with H|^q to form H,0, S, 
and SO,Aq or SO,Aq; thus HNO,Aqand HNO,Aq 
prodqoe 8, and NO; HOOiAq produces 
H,Q, HOI, and S ; aJ^aline iodates are reduced 
to iodides.— 6. Ferric salts are reduced to fer-* 
rous salts, with 8eparf^til^n of 8.— 7. When BL8 
is passed into SO,Aq uj|i’ the tatter isc^mpletely 
decomposed the solution is known as TTocken- 
roder*s solution; this liquid probably contains S 
in suspension, a colloidal form of 8 Ih solution, 
HjSO,, H,S,0„ HiS^Oj, H,S,0,. and a higher 
thionic acid, probably I^S,0, ; if the passage of 
H,8 iq continued until all clftmical change 
ceases the final products are 8 and Kfi, thus 
2H,S + SO,= 33 + 2H,0 (Debus, C. JW3, 2 ^2 ; c. 
Tmosic icins^ in vol. iv.). — 8. H,S or H^SA.q 
is decomposed by chlorine and bromine to HX 
and 8 ; R^SAq is similarly decomposed by 
iodme, but if water is not present H,S does 
no^ react witll I.— 9. Very many metals decom- 
pose H.,S when heated with it, forming sulphides 
and H ; several metals, e.g. Ag, Gu, Hg, react at 
ordinary temperatures. The decomposition of 
;^S by hot Sn or Pt has been employed in the 
analysis of the compound; a speoifieA volume 
of the gas is thus found to ^ve its own volume 
of H.— 10. Many metallic oxides and salts react 
>vith HgS to form sulphides, and water or acids. 
The metallic sulphide, if insoluble in, and un< 
acted on by, the aoid produced in the reaction, ii 
ppd. when’^HjS is passed into a solution of th< 
metallic salt ; if the mdlallic sulphide is deoom 
posed by the acid produced in the reactioPv or i 
it cannot exist in presence of ^ater, no pp. i 
formed. These reactions are applied fn the syi 
tematic qualitative analysis of metallic salts (t 
Akalysis, vol. i. p. 220). 

II. J^SAq reacts as a weak monobasic aoi( 
e.g. with KOHAq it forms KSHAq. Thortssa 
{Th. 1, 262) givts the following heats of nen- 
tralisation : 

[2NaOH Aq,2H>SAq] - 16.476 ; 
q;4NaOHAq,2H>SAq] - 15,604 ; 

[BaO»H»Aq.2H“8Aq3 - 16,748 ; 

« [2NH>Aq,2H«SAq] « 19,890. 

Oombinotions.— By ooippressing H,S in prs- 
senoe of a lit^o water De Fororand a- Yillard 
ob^ined a solid hydrate HB.7B[,0 (C. B. 106, 
1402; e/. 10^ 849 a. 989); this hydrate is easily 
decomposed Tfy heat. Tim fbrmaticm of the hy- 
drate ooenrs with a largrsltfoiption of H|S gas 
by the water ; when iormea at 0**, ths ptessnre 
being about 60 mm, above ths orAinary, 1 c.o. 
witer absorbed abont 1<XU e. MR, whereas the 
solubility of wa<# at 0^ and ordinary 

Oiessors is onur abonl 4 vole- in 1 vol. water. 
Wohler (A. 66, 125) obtahmdlde-UjkrexystAls by 
leadi]^ HiS i&to alsoliol mtai]^ water af 
c~ the quantity nf water |etfi8 sneh jhat 6^ 
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klMse crystals may hate been a solid hy^ate of 

H»S. 

DetdcHon and estimatUm.’-B^S is detected by 
its smell, by its reaction with a salt of Pb or Ag 
in solution to give browl-blaok PbS or black 
AggS, and by the production of a deep purple-red 
emour when brought mto contqpt with an alka-. 
line solution of Na nitftprusside (FeCy5(NO)NaJ. 
Finely divided Ag shaken with water containing 
H,S forms AgjS ; it does not, however, decompose 
alkaline sulphides ; these reactioiw may be ap- 
plied to detect alkaline sulphides iif presence of 
ELS ; air must not be present, else s^lts of S 
oxyacids may be formed. H^S in aqueous solu- 
tion may bo determined by adding a ^andardised 
T ITT An imfil n. ■nfirmanent blu6 


solution of I in KIAn until a permanent Wue 
colour is nroducoi in^CT< ' ' 


UJitii a pcaiuau-vuu vaaav 

colour is iirouuvo* tu j^^ence of starch. The 
solution of H,S must blhw dilute that not more 
than*04p.c.H,Si8pref?tent. „ q 

HVDBOgKK PBR9ULPHIDB YHjS, Ot Maas. 


Buipmae, cone. 

or 2 parts K,CO, may be fused 

the mass dissolved m ;???!! 

of si\nd allowed to clear; or 1 part 

be fiade into a thin cream with water and boilM 

with 2 parts 8. As solution of polysulphides 

nrepared as described may contain thiosulphates, 

Bertholot (A. Oh. [S] 49, 460) reoommOTds to 

saturate KQHAq with out o{ 

air, to add an e^ual volume of the same KOHAq, 

and to boil with S ; or Na^SO,, or 0^804, may 

i be strongly heated with powdered charcoal, the 
' mfiss treated with water, SSId boiled with B. 
Sabatier iC, B. 100, 1346) thoroughly dnes the 
oil, place8.it in a small flask with short neck 
connected with a bulb-tube sur^unded by ice 
and having a pump attached; when 
sure is reduced to 40-100 mm. he heats the 

flask to 60°-8^ in a water-bath. 

PropertMS.—k yellow, mobile, oily liquid, 
.(5. 1*734 (Ramsay), 1-71 at 16^ (Rebs). Odour is 


HvDB^ogBN pbrsulphidb ?H,S, OP H,S 

When an acid is added to an aqueous ° blisters^on the skin ; it is soluble in 0,H„ 

an alkaline or alkaline earth persulphide, ^8 is ^ decomposed by alkalis, alcohols, 

evolved and tlto rest of the S is ppi .« he CH(n„»d CS^.^deco action flight; 


evolved ana resi m vuo o ^ --- 

alkaline persulphide solution is poured *nto the 
acid, oily iops sink to the bottom ; the oil is a 
compound of H and S containing relatively 
mores than H,8 (Schoek, Vorf 
dcmFtuer, 163; Berzelius, LehrMi. 2, 218, 
ThSnard, A. Oh. 48, 79 ; Liebig, 4. 2, 27 , 18, 
170). Analyses of the oU thus obtained have I 
■ ' fesnlts: Bamsey’s anal^esl 


given di^mdaiit'fesults: Barasay’s a’nal^es 
IC J r21 12, 857) showed a compositum jaw- 
ing from H,S, to H,Sjp. According to Sabatier 
(G B 100, 1346), if the oil is thoroughly dried, 
it may be distilled at 60^-86^ under a Pressure 
of 40 U 100 mm. ; and the hquid thus ot)tamed 

Sis thecoinpo8itionH,8, The analyses of ^bs 

(A 246, 356) also point to this forniula . ho de- 
composed Na,S.. Na.S„ Na,S4, and Na,Sj, sepa- 
3y wUh cilf HClMt also different polysuh 
nhidM of OaandBa; in each cast he got an 
Sil the composition otowhioh agreed with the 
formula Sabatier thinks that the liquid 

ibwned by him contained 8 prodimed by the 
&oeitio?W part of 

in fave^ur- of the formula^H.b, for the persul 

^^Hitaann (B. 1, 81) by the reexition betwoem 

yellow NH. sulphide and 3 

wen-crvBtallised compound 

which^as deoomposed by acids with 

ftf TI nfirsulohide ; this formula was confirmed 

bv BaiMaj (C. J. [2] 12. allow^ 

^,8 to MMt with Btryehnine in H s"’ 

and obtain«d crystals of 3 Cj,HbNvO,2PiS, • 
with bruoine he got the oompoonds „ g . 

oil .bWiI”. 


_ Aljj^.rDcv4. ...J — . !• 1.+ 

and slowly by ether ; also by the action of light; 
slowly decomposed by KMnO,^. 

(Sabatier, C. R. 100, 1686). Hydrogen peteul- 
phide is more stable when toe ““toms 

Lme 8 or H.S (Sabatier). When qn te d^, toe 
liquid may be preserved unchanged m a oeaieo 
tube (Bunsen, P. 46, 103) ; if the liquid is not 
quite'dry, it slowly decomposes mto 
S and Uquid HS, if this change P™“«^® 
tube may be broken by the P™™™ ^ 

Hydrogen persulphide is readi^ infl^°»able. 

^ Bicfions.-Uydrogenpertolphide 
H,0, in its reactions; it is decomiwMd to^ 

and 8 by those B“>>stanoe8^hich change 
1 U Hfl and 0, e.p. Pt, 

Dowder, Ac. ; it acts as a reducing agent, » f « 
Secolourises indigo. WaUr d^Sd?“»t Wgh« 
K,3 and 8, slowly at ordinary, “8““ 

temneratures. Ammonm causes a ppn. of 
Ithir acts slowly proSucing nwreous 8 ; jf®^ 
it,., to Sabatier (l.e.), hydrochl^ aetd, dry a». 


^tc, cnee 01 mois. ■«.. 


gen, Teliurnya^ muig com- 

Tellurium hydri^- Mo • • oi»j|8**«81pl) 

]fUeS union of its 

^‘”w0,‘’2*)f ahio by S 

?i%fre'^oUe"d to^U' 
dlato*HclSq“ iX’i® * ooloSflem 8“.*^* 

dilute HU Aq. ig diSereirt trom that 

^B^rwa^ inhaled* ^ 

ra. a. F.. fA). ^ the dyk; in 

he”rormfat/r.d^omptoi«^^^ 


«i». TO? toia oil la ro“ »« 

V To piWar* the,alkalins polf- 


lr^’‘Utoriing to bi» 

similar to that of ScH. (q. o. p. 72.>). »•»»,¥ 
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. Readily oomliuB»M.« , .. is fairly soluble in water, 
fhe sdution is very quickly decomposed if ex* 
posed to air. Po^ TeH, is rapidly andeoom* 
pletely absorbed by solutions of alkalis, ^th 

S roduotion of alkau tellurides, it a traae of O 
present the solution becomes violet or purple, 
and if much 0 is present Te is ppd. (B. a. F., 
Ia). TeH. passed into solutions of metallic salts 
ppts. metallic tellurides. Ji/L. M. P. M. 

HTI>B0.H0X0.7EB17nC ACIl) v. m-MeOiyl 
derivaUw of (4:8:l)-Di*oxY-PHBNrL.i8o*BUTrwo 
Aan>. 

HYBBOIOBOAKOELIC ACID «. Iodo talbbzo 

HTBBOIO^CIHNAMIO ACID lono* 
imnmi-PBOPzoNXc aoid. a 

(a)*HTI)BOJU0LONE 0„H,0,^XBy.(a)-%iro- 
napMhoquinonet {110^}. S. (at 25®) » *6. Occurs, 
together with about | as much (d)-hydroiugl<me, 
in the leaves and unripe green shells of the 
walnut. Formed by reduction of j uglone (Mylius, 
B. 17. 2411 ; 18, 476, 2567). Colourless plates 
or ne^es. V. e. soL aloohol, ether, and acetic 
acid, nearly insol. benzene and petroleum-ether, 
insol. chloroform. It dissolves in aqueous lilaOH 
with a yellow colour, which almost instantly be- 
comes violet on exposure to air from formation 
of joglone. It is odourless, but posa^sses a burn- 
ing taste, and is poisonous ; 4 g. killed a rabbit 
in 2 hours. By treatment with aoid anhydrides 
it is converted into the alkoyl derivatives of (iS)- 
hydrojuglone. On heating (a)-hydrojuglone above 
its meltmg-poin^ it is converted into the (6)- 
isomeride. On the other hand the inverse change 
takes place if ()3j*hydrojuglone is boiled with 
^'lute HCl for a long time. Potash-fusion gives 
•oxy-benzoic aoidi together with phenol, sali- 
^lic aoid, and pyrocatechin. Oxidising ^ents 
}ry readily convert it into juglone. On distilla- 
on with zinc-dust it gives naphtiuilene. 

Tri-acetyl derivative G,^,(OAc), 
i24®l, 

‘ (^)*Hydrojiigloiie 0,oQ|0,. Tri-oxy-naphtkdl- 
w? [97®]. 8. (at 25®^ «» -11. Occurs, together 
ith about 5 times ^ much (a) -hydrojuglone, in 
tie unripe shells oi ^e walnut Silvery six- 
ided tqbles or flat needle8.«y. sol. chloroform 
ad bfHuaeaa, Sh soL cold alcohol and ether, 
rdatile^th steam. Aromatic^smell and bum- 
ng taste. Formed by heating (a)-hydrojuglone 
Ibve its meltiJdg-point. Converted into the (ct)L 
lydrojuglonc by loilt boiling with dilute HCl. 
>issolves in alkalis wTlh a yellow colour, which 
leoomes red on exposure to the mr. Fe^Clg gives 
I blood-red cokmration. It is not oxidised to 
Qglone, except under qpnditiims which allow of 
ts previous oonversSon into Jo) -hydro] uglone. 
Its i^ftoyl derivatives are formea bj^ihe action 
»f a^ydr^es npon eitUkr («)• or (/3)*hydro- 
in^ne. ^ • • 

Ti^^-acetyl derivative Oi,H»(OAe)a; 

[18(nt?eoionrless prisms (from alcoh^. 

Tri-beneoyl derivative 0|^«(0Bs)t: 
oplomlM needles, sL «pl. alcohol an^ 
lostie a& insol. water (ICylins, B, 18 , WTh ^ 
gTP BgLtmpnn^ o. Di-hydride of < 
MtoiHizrfSiinixB. 

XTBIQIIIOOIZG A0ni v, lixoomo Aom. > 

Vftmmxaam mi^ 9. 
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EYBBO-MBTEYL-OtOLB «. MsTRtL-lli* 

nous dihydride. 

HYBaO-HBTHTL-PYBIDIirES v. Hydridee 
of IfBTHTL-PYRinildEs. 

DI-HYDdO-TBI-XETHYL-PYBlDim BX. 
CABBOXYLIO ETHBB v. Di-hydride of Tai- 

WETHYL-PTBiniNB DI-OARBOXTIJO ETHBB. 

" HYDBO.MSXHYL-PT|BOL£ v. Hydride of 
' Mxthtl-pvbroue. 

HTDBO-HSTHYL-BVIHALBIHES v, Hy- 
dridee of Di-usthtl-quinolinks. 

HYDBO-MBOONIC ACID 0,H,0, «.«. 

» .CH:0H.OHj.CH,(CO*H). [196®]. S. *9 at 
owned by partial reduction of diaoetylene- 
di-caihoxylip aoid with aodium-amalgam. Or 
further r^uction it 'gives adipic acid (Baeyer 
B. 18, G80). Forme^lf^ by treating diohloro 
muconic acid C,H,G1^0^,j^tbs sodiuip-amalgan 
(Bode, A. 132, 98). CHourless prisms ; v. si. sol 
cold water, v. sol. hot water and Alcohol, m. sol 
ether. Beduced by sodium-Amalgam to adipic 
acid (Limpricht, A. 165, 263). By treatment 
with bromine it may be converted into bromo- 
hydromuconre acid [183®], di-, tsi-, and tetra-, 
bromo-kdipio, and iso-di-bromo-adipio acids. — 
ZnA".— AgjA". # 

Anhydride C^H^O,. Trimetrio crystals; 
o:6:c = •206:1^*332 (Fock, Z. K. 7, 48). 

HEXA-HYDBO-NAPHTHALBNS v. Naph- 
thalene HEXAHYDRIDE. 

TEXBA-HYDBO NAPHTHALENE DI-CAB- 
BOXTLIC ACID v. Tetrahydnde of Naphthalxmx 

nr-OABBOXYUC ACID. 

‘DIHTDBONAPHTHOIC ACID’ so-balled o. 

Mbtb YL-DIDONAPHTH EN E -CARBOX YMC Acm. 

(a) . HYDRO - N APHTHOaUINONE C.^.O, 
t... 0,.H,(0H),tl:4J. [173»] (P.) j [176“] (O.)- 
Formed by the action of fuming HlAq on (a)- 
naphthoquinone (Groves, A. 167, 359) ; or, better, 
fromja).napbthoqnmone,tin,an(l HClAq (Plimp- 
ton, G. J. 37, 636). A small quantity may be 
obtained heating (^-naphthoquinone with 
aqueous SO, at 160® (Plhnpton). White needles; 
m. sol. boiling water, v. sol. boiling alcohol, |ther, 
and HO Ac, si. sol. hot benzen^ almost insol. 
CS, and ligroin. Oxidising agents convert it 
into (a) -naphthoquinone ; with a solutioi;^ of M- 
naphthoquinone it forms dark-purple crystals 
of the qqinhydrone C^H^O,. • 

Di- acetyl derivative C)tH,(OAo)« •[o. 
130®]. Easily soluble tables (from alcohol) 
(Kom, B. 17, 8026). 

(jS) -Hydro-naphthequinonc O,0H,^(OH),[1:2]. 
[c.60®]. Bormed by treating (fl)-naphthoquinone 
with cold cone. BO^q (Liebermann a. P. Jacob- 
son, ci. 211, 58). Silvery plates. It dissolves in 
aqueous allmlis forming yellow solutions which 
turn deep greeiiK in the i^.* Violently inflames 
theokin. 

Di-acety% derivative 0„H«(OAo)» [c. 
106®]. Very soluble plates (from HOAo) (IE<h^ 
B. 17. 8025). 

IsohydronaphthoqniBoalT Ci^HgOr Formed 
by the action cd water (80 pts.) on the compound 
0,^,(H001). (so-callca di^toro-naphthydrene 
glycol) at 150i(Gifmaox, A, [2] 10, SF H, Small 
ix^es; sol. water and ether, insoL OfiOli and 
bensene. Its alkalins solatliont tarn red in 
the air. It reduees ammoniaeal AgNO|* FeO, 
gives, in its ■qasow iohitioii«^A Inoini FP* 


HYBROQUINONB. 


7119 


Stl>EOH>.OXT.BSKZ.A]UI>X «. Tbx oxy- 

aiPBOBINBAlIXDX. • 

XTSBO-OXT.OAICFHOBOHIO AOID v. 
OacpHOB. * 

HTDB0.0XT-lCXTHYL4liriK0LI]f E v. Hy- 
dridd of OxY-iaTHYL-QuifoLiNB. 

Bl-HTDB04)XY4lUOrOLINE v. Hydro-car- 
hoctyrU under AiiXDo^HBMTL-p«orxoNzo aoxd ; v: 
also Hydride of Oxt>quikoline. 

HYBBO.PHENOL.PHTHAL1DIN CHLOEIBE 

V, Dl-OHLOBO-PXnBNXL-lMTnBANOL DIHYDEIDS. 

HYDRO-PHENYL-ACEIDIKE «.• Phknyl- 
AOSmiNB hydride. 

HTBBO- PHENYL. OEOTOHIO ACU v. 
Phbnyl-butybxo acid. * « 

TETBA-HYDEO-PHENYL-QUINOLIim t>. 
Tot ra-hiy dride of Phbi^^uinolinb. 

HYDBPBHKHlOlfv. Hydboxyl^quinone. 
EYDBOPKTHALIC^CIDS v. Hydrides of 
pBVHiJUO aoxd! 

HYDBt-PIGOElNE v. Hydride of Mbthyl- 

tYBIDIMa. _ 

HEXA.HYDBO-PICOL1N1C ACID v. Hexa- 
hydride of Pywdine oarboxylig Adto. 

HYDBO-PIPEBIC ACIDS CpH.^O*. fa) [78°]. 
(3) [131°]i» By reduction of piperic acid by so- 
^um-amalgam two hydro-pipeyo acids are got. 
They may be separated by crystaiJisation from 
alcohol, when the (/3)-aoid separates first. The 
(a) -acid is the chief product (Foster, A. 124, 117 ; 
Kttig a. Mielok, A^162, 56). Thtf (3)-a(;id fqinia 
thin needles (from alcohol). Its ammonium salt 
is more soluble than that of the (a) -acid. Die 
(A) -acid is only formed when the liquid becom(‘s 
very alkaline, U the alkali be constantly neutral- 
ist during the reduction only (a) -acid is got 
The (^-acid may be converted into the (0)-acid 
by heating with (lOpts. of) dilute (10 p.c.) NaOH 
9 hours at 100° (Lorenz, B. 14, 735; Fittig a. 
Buri, A. 216, 171; 227, 81; Weinstein, A. 
227 32). Br in OS, converts the (tt).acid into 
its ’ dibromide, di-bromo-piperhy«ronio acid 
0.3,3r,04 [187°-140i.wlule the (3)-acid gives 
a pipduot of substitution, bromo-hydro-piperic 
aeid [171^. •Xhe (3)-acid is reduced by sodium 
mnalgam in neutral solution to piper-Aydronic 
aoid, vhile the (a)-acid is,not reduced thereby. 
(a).Hydropiperio acid 

Oy,<^>OJHrCHrCH:OH.OHj.OO.n? ps-]. 
■ PKIn ne«dl«i (from hot water) ; al. «ol. hot water, 
*. a. wL aloohol and other. Oxidieod bj CtO, te 

aMtteaeid. KUn0.giTO8piperonal,ottlioMid. 

and ^-oxy-piperhydronic acid 


not an addition, product. XMnO, oxidisw It to 
di-oxy-piperhydronic acid ana 

methjl-anhydro-caffeio acid 

HYDBOPYEENEftDINONE v. Pybekw. 
^mYDEOPYEIDINE v. Pybidin* why- 

DBIDB. ^ 

HYDEO-PYBO-CIHCHONIC ACID u. Di- 

MKTHYIi-BUOCINIC ACID. 

HYDEOPY^OMELLITIC acid V. Pybo 

MELLITIC ACID. 

DIHYDEOPYEEOLE u. Pyeboub why- 

DRIDK. * ...... 

• TETEA-HYDEO-dUINABDIKE u. {Py. 3)* 

Mf.THYIj-QDINOLIUE tetrauydeidk. 

HYD apQUIN ANISOL v. Methyl ether of Oxy- ^ 

QUINOMNE-TtfTRA-HYDKIDE. » 

HYDECHUINICINE v. Cinchona bases. 
HYDEOaiVNIDINE v. Cinchona basks. 
HYDEOftUININE v. Cinchona bases. 
HYDEOdUINOLINE v. Quinoline hydride. 
TETEA-HYDEO-ftDINOLINE HYDBAZINE 
V . Amido-tetra-hydro-quinoline. 

HYDEOQUINONE C^HgOji-e. CeH,(OH)2[l:4]. 
p-Di-oxy-henzene. Quuiol. Pyrogentisic acid. 
Mol. w. 110. [1C9°] (Hlasiwetz a. Habermann, 

B. 8^ 684). S.G. 1-326 (Schroder, B. 12, 663). 
H.F. (from diamond) 86,100 (Berthelot a. Lou- 
guinine, A. Ch. [6] 13, 337 ; C. i2- 104, 1676) ; 
100,880 (Stehmann, J. jpr. [2] 33, 471). S. 6-21 
at 15° ; 10*44 at 28*5°. 

Formation.— 1. By the reduction of quinone, 
and by the dry distillation of quinic acid (Wohler, 

A. 51, 152).— 2. From arbutin by boiling with 
dilute H.,SO,, or by the actioiyif emulsin (Kawa- 
lier, A. 84, °58; Strecker, .-Ij 107, 229).--8. By 
boiling p-d zo-phenol sulphate with dilute (12 
p.c.) H,SO and extracting the cooled product 
with ether. L’he yield amounts to 46 p.o. (We^- 
' sky a. Sch jr, B. 9, 1169). In like manner Hy- 
droouinone may be obtained by the action of 
water at 140“ on [4:l]C,^l.{OMe).N:N.SO,H, de- 
rived from the methyl ether of p-nitro-phenpl 
(H. Salkowski, B. 7,^010).— 4. By gently heating 
a dilute solution of pitroso-phenol in NaOHA^ 
with hydroxylamine hydrochloride, nitrogen 
being given off (Hepp, B. 10, 1654).— 6. From 
bromo -salicylic acid [4:1:23b, H3Br(OH)(W,H) by 
fusion with NaO^ and Wting the res^ti^ di- 
oxy -benzoic acid [197°] in a llh^of 
215° when pui» hydroquinone sublimes (Bakow- 
ski a. Lepucrt, B.8, 788; cf. Demole, B.7,114li 
.Hlaeiwete, A. 175, 67). -6. By BOSsing a oarfciit 
of air for § hours througlaan alkaline solntion ox 

euecinylo-sacciujo ether.W ^e r»^. 


loiMuu. « H o Buccinvlo-saccmic etner,-ana uottMug 

di.oxy.piperhvdromo A‘!,ni' at inrd^ow acid with KOH (Herr- 

(Rl«gel, B. 20, 416). Not . w ® r 10 1^7) _7. A product of the distUla- 

iOO^ Potash-fuiion gives protocateohmi acid J(Von^ohter,/.pr.CT 

•ad HOAo. » , > rrxjkt . * ^ noaQincr A ranidlv Alternately deotrio dis- 

flalta.’-'NSLA^: small lapiin** - , . 

•morphons, formed by adding to amaloo- 
holio iotetUm of the acid. Decomposed by water. 

•—AaA': oi^alUiMvp. * 

(j^-Hydio-plpfl/^toid 

OH.<^>aA.OH,OH,OH:OaOO.S» [181”]. 

Qotfrom lUW-iioperide 

npfcj with l#.bH<fil>)«^ .tter A. powder^ 

WD® wr iooto days. The ued is sepamw irem ttradnaily added, tpo great a 

aildeoennoied («)-i8ometide Lm^rature being avdded. The 

SaaafSMBd(20p.o.). Thto mass of aniline-black produced at ^rst 


^ I . jx pi l/UUteW w* w—w 

Les (Vonmohter,/. w.ra]20,207). 
8. Bypassing a rapidly Alt^matdy electric ^s- 
charge ttrough* a solution of D^eopl (^^•)* 

9 From p-iodo-phenel by potaaT-luiion (Edmer, 
Z 1866. 962, 731).-10. Oocuft m the urme ol 
d^ that hare taken benzene (Batmaij^ 8 
190), phenol (Baumann a. PreUsw, 
or wbutin (Mering,^r. PAj/siol. 62, 2TO). 

_!.• — — Aniline (1 pt.) is disaolYed il 



th«n treated with esoen of SO„ boiled with 
ioimal ehaxooal, filtered, and shaken with ether. 
The ethereal extract when distilled leaves hydro* 
qainone (Nietski, A 10, 1934 ; 19, 1468 ; Je 216, 
138; Ekstrand,B.ll,718). . 

PriqpgiTWss.—Dimorphoua, orystallisifig Hby 
sublimation In monoolinio plates ; aihx 
»2'606:1:1*668; i9-78®; and from aqueous so- 
lutions in hexagonal prisms ; a:c« 1: *669 (Leh- 
mann, E. JL 1, 44 ; Qroth, B, 3, 460). Has a 
slightly sweet taste. V. sob alcohol, ether, and 
hot water. ▼. si. soL cold bensene, may be dis- 
tilled. < When Fe(% is added to its aqueous so- 
lution there is formed a mass of lustrous dark 
green spangles of quinhydrone, and at the same 
time the odour of quinone is apparent.* ^ further 
addition of FeC^ converts the quin'Wdrone into 
quinone, the omtals redissolving. Suver nitrate 
gives a brownuh-white pp., andf on warming, 
reduction to black metaUic silver takes place. 
Hydroquinone reduces a boiling acidulated solu- 
tion of EMn04, 1 molecule of hydroquinone 
requiriz|g 10 atoms of oxygen. Its reducing 
power is intermediate between that of pyro- 
catechin and that of resorcin (DreWus, C. Bs 106, 
623). E^droquinone reduces Fehling’s solution, 
even in w cold. An aqueous solution of h^dro- 
quinone slowly turns brown when exposed to the 
air, losing its reducing power. An alkaline so- 
lution turns brown much more rapidly. Lead 
acetate mves no pp. in dilute solutions, but if 
hydroqi&one be dissolved in a moderately con- 
centrated warm aqueous solution of lead acetate 
prisms of CJBI[«0^b(0Ac), l|aq separate on cool- 
ing (Wfihler, A. f9, 299). Hydroquinone pre- 
vents the alkalinr fermentation of urine (An- 
draeff, FrocA, 1887, 230). 

SeaeHons.—l. Oridued to quinone by FeCl„ 
chorine, dilate HI70„ and chromic acid. — { 
2. By passing through a red-hot tube it is split 


mann, M. 6 , 829).~^19. HOt foiiiii aeedlel 
(OsH^OgJaHCy decomposed by Wt ortqr water 
into itse components (Mylius,* B. 19, 1008).— 
18. Aniline when boiled with hydroquinone 
fornh 0«H«0,(KH,Ph)^ which oxystalliseB in 
large plates [90^, sol. alcohol and hot water. Its 
solution on exposure ro the air is oxidised to 
quinone dianilide. By boiling with benzene it 
^18 resolved into kydroquingne and aniline (Hebe- 
"brand, B. 16, 1978). Hydroquinone (1 moL) 
heated with aniline (4 mols.) and OaOL at 260^ 
gives Cja[^OH)(NHPh) fTO®] (Calm, B. 16, 2786). 
In like xnumer o-toluuUne and OaOl, at 246^ 
give 0,H4 (OH)(NHOjH,) [90®].— 14. p-ToMdine 
forms 0,^0,(G,H,NH,), [98®] (Hebebrand, B. 
16, 1974).— 76. By heating with phenyl cyanate at 
100® there is formedT)ja4(O.CO.NHPh)„ which - 
crystallises from alool^Vn prisms [o. 207®]. It 
is insol. beazene. At i te# iritfhg-point it begins 
to decompose into pbfl^l oyana|e and hydro- 
quinone (Snape, C. J. 47, 272).— 16. Ohioro' 
formic ether OiOO,£t acting on sodi&m hydro- 
quinone forms p-phenylene di-carbonio ether 
C^4(O.CO^t),. This crystallises from alcohol 
in long peedlSa, [100®], (310®), anfi appears to be 
split np by beat into GO, and mouo-etnyl hydro- 
quinone (246®-260®) (Bender, B. 13, <196 ; Wal- 
lacb, A. 226, 86).— 17. Chloro-formamide gives 
C^4(0.C0NF^„ which crystalliseB from alcohol 
in small needles [286®j.-18. Heated with ZnGL 
and glacial acetic add it gives di-oxy-phenyl 
, methyl Aetox^ (Nencki a. Schmid, J. pr. [2] 

23^646).— 19. Di-chloro-di-ethyl oxide in warm 
EtO Ac forms CA(OH),.CHyCH(0^(OH),)„ an 
amorphous substance, sol. alcohol, acetone, 
HOAo, and alkalis, and forming a heta-aoetyl 
derivative. FeCl, converts it into a green colour- 
ing matter G„H„0„ whence bromine forms 
C,oH,Br,0,, When an excess of di-chloro-di- 
etbyl oxide acts on a solution of hydroquinone 


np into quinone and hydrogen (Hesse, A. 114, I in EtOAo there is formed a resin and a soluble 
297).— 8. Hydroxylamine in acid solution gives i compound p„H„Cl(^ (Wislioenus a. Siegfried, 
thedi-oxim of qninone. — I. Strong rUtric add ^ 


deoomposes hymoquinone cn the cold, forming 
add and HOy (Nf3tzki, A. 216, 138).- 
6. Nitrous acid gaa pasted into an ethereal so- 
lution of hydroquinoM at 0® forms small golden 
needles of di-nItro-m-<giy-qninone (Eietzki, B. 
10, 21^.— 6. Hot affected by poUuh-f^ion 
^6lz, <4. 188, 91). Soda^fusion converts it into 
(l,S^)-tiS-oxy-benzene, («)-heih-oxy-diphenyl, 
aid tetra-oxy-diphenyl G„H,,04 (Barth a. Schre- 
dF, M, 4, 176; %, 689).-7. men heated with* 
^ it uroeors to fom first 0,H«(dH)(OPOL) 
nd then 0,H.(0P0l^ (Seheid, A, 218, 207). 

. By passed into a oold satnr|ted eolation of 
lydroqunone forms colourless rhombobedra 
deoon^q^ by boiling water into 
Uooinponmits(Wdhi«,A.69,907). Bypassed 
nto a mAutiimcIi hydroquinone salorltM at 40® 
Ofms long^ priims of SO, 

Mssedinto a oold satiiraled solntion%f hydro- 
piinoifelonnsye]lowrhombohedm((l|H,(U,80,, 
rhich sTilddy deooomose (Olenun, JL 110, 867 ; 
Sepsa, A. 114, 800).— 10. Udehyde iti presenee 
A dilute HOI fonns a ledn on bCtitiog (Ulehael . . 
k^^ydsr, Am.9, 188)^U. WithoostoneittoEr 
m unstable eompounfi wmoh 

Ulms tridittie mystale, decompoM into Iti 
}0mpoiienti»lnr fti aleohol, aeetoiie»ot 


ipvuuu Vr|^XA.||\AlV^ ^ Tf 

A. 243, 17X).— 20. Fomio acid forms a com- 
pound (0,H,0,)4CH,0„*whioh crystallises in 
needles, and melts at 60®, giving off formioadd. 
It is also decomposed into its cgastituents by 
solution in water (Mylius, B. 19, 1003). When 
hydroquinone (1 pt.) is heated with orystallised 
formic acid (2 pts.) for 4 hours at 260® there is 
formed aorystalline mixtnre of (0,H,0,)4CHjO, 
and an anhydride thereof. The anhydxide 
(G,H40 ^i 0,H,0, orystallisea in eolourless glassy 
ne^es, split up by water, alcohol, or ethert 
into GO, formic add, and hydroquinone (Mylius, 

B. 19, 909). — 21. KHGO, (4 pts.) heated 
in a digeetor with hydroquinone (1 pt.] and 
wateiv (4 pts.) forms di-oxy-benzoie add, the 
yield being about 20 p.o. (S^ihofer a. Sarlay, U. 
9, 449).— 23. MrUo add and H,S04 form oxj- 

0 0H0H.~00.-00 

coumaiin I c I I [260*] (Yon Fedi* 
C(04:0H.C.0H.*6h 

mann a. Welsh, B. 17, With KOH and 

K,8,0, it forms potassium oiQr^phenyl sulphata 
o£(d^8(^ eryitaUising in triiUetrio tables 
(Baumann, B. 11, 1918). 

Aceiyl (Qs;4(OA^ 

Fdhnsd, slowly, % sotfon fffioa on ^ 
itiinoMlnthiooM(MislsU,B.lMt8^^ Ifomnsd 


;® 1 . 


qpinoMinttMooM(Hi•lslcf,B.ll,«70^ 

•iso by hoitiBg Alddoiit with MiOiU and Aafi 



HYDEOQtnKONE OABBOXXJJO ACM 




r Mtlng tt^ona vlfli Aafi at 060° (Suwiv, 

.. S(i9» wSu Long needles (from alcohol), 
lates, or tables. V. soL benzene, ohloAform, 
nd ether, su sol. idoohol and hot water. Ma y 
e snblizned. Split op by long boiling ^th 
rater into HOAo and hy^roquinone. If it be 
reated with POl^ and the product distilled with 
^am, white needles of 0 , 01 , [ 66 ®] are got 
iiohael, Am, 9, 211 )f This ^y, which may 
0 ,H 4 ( 0 H)( 0 C 01 ; 0 CU, is si. sol, hot water, sol. 

Id ether, benzene, and alcohol. It dissolves in 
kalis and is reppd. by adds. WitL AoOl it 
ees an acetyl derivative. • 

Propionyl derivative OaH^fOO.HjO)-. 
13®]. Large plates (from f^cohol) ;* v* sol. 
iloroform and ether, si. sd* hot water (Hesse, 

. 200, 246). Gives a nitro- derivative [ 86 ®]. 

Benaoyl der{val^i 0 JH 4 ( 0 BzJ-. [199®]. 
ilky needlls (from beA^) ; v. sL sOl. boiling 
icohol (Doebner, A. 210 , i^S). 

M6thv\ ether C,H,(OH)(OMe). [ 68 ®]. 
!42®). Formed, together with hydroquinone, 
y boiling arbntin with dilate H^SO, ; formed 
Iso, together yjjth the di-methyl ether, by heat- 
ig hydroquinone with KOH and KMqBO, at 
70® (Hlas^etz a. Habermann, A. 177, 838). 
*repared by heating hydroquinone (2 pts.) with 
lOH (1 pt.), Mel (3 pts.), and iwme MeOH at 
10° (Hesse, A. 200, 254). Flat white needles 
Tiemann, B. 14, 1989) or trimetrio plates. Not 
nlatile with steam (difference Jfom the di- 
uethyl ether). V. oo\, cold benzend (difference 
rom hydroquinone). Sol. boiling water. Fed, 
jonverts it into quinhydrone. It reduces hot 
tmmonia^al A^NO,. Fuming HNO, dissolved 
n ether forms a mono- and a di-nitro- derivative, 
[nelting%t 88 ® and 102 ° respectively (Weselsky a. 
Benedikt, Site, W. [2] 84,268).-0,H.(0Mej(0K) : 
crystalline powder; insol. ether (Michael, Am. 
5, 177), 

Dt-methyl ether 04 H 4 ( 0 Me)y [66®]. 

H.F.p. 81,924 (0,0,-94,000 ; H,.p- 69,000) 

K nn, J.pr. [2] 3% 28). Formed by boil- 
oquinone (78 g.) under 960 mm. pressure, 
withlKOH (93 g.), and Mel (234 g.) dissolved in 
MeOH (Mffhlbhtser, A. 207, 262). Large plates. 
Beduces hot ammoniacal AgNO^ FeCI, forms 

.<fc,rOA(OEt)(OH). [ 66 '’]. 
(34*^). From the ethyl derivative of the Sulphate 
of mazo-phenol by boiling with water and ex- 
tracting with ether (Hantzsch, J.pr. [ 2 ] 22, 464). 
j (k 1 «A from hydroquinone, KOH, and Mel (Wiohel- 
hans, H. 13, 1601). Thin plates (from water). 
SI. iol. cold water; v. sol. hot water, alcbhol, and 
^ther. Slightly volatile with steam. Boiled wth 
dilute hydric iodide and a little alcohol it fdrms 
hydroqiunone. C3ono. HI at high temperatures 
oubonises it. Although hydroquinone <orm^o 
aldehyde by Tiemann a. Reimer’s methoWet 
ethyl-nydroquinone (14 g.) with JjfaOH (20 g.) 
water (86 g.) eA'W m converted mto a di- 
running in chloroform 

»tk,r OAlOEt), ;mp. 
hidiMoinon., N.OI^»na A. *«. 

M^Pletoit volatile with Iteam, V. soL a\p 

‘“JSSw'.M.iiSSSS! 


product (Fiaia, AT. 6 , 282). Oolourlese es|itil- 
Hne mass, smelling like oQ of fennel* tneoL 
water, sol. benzene and ether. 

tiJlhyl propyl efAer^O,H 4 (OMe)JpPr). 
[24^ From the mono-methyl ether, KOH, and 
potassiuM propyl sulphate. Purified by fre- 
quent distillation with steam (F.). Leaflets; in- 
sol. water, sol. benzene, ether, and alcohol. 

. Ethyl propyl ether 0 ,H 4 ( 0 Et)( 0 Pr). 
[ 86 ®]. Pearly plates (from HOAo).. 

Methyl iaoputyl ether 
C 4 H 4 (OMe)(OCH,Pr). (227°-280«). Prom 
CaBk(OH)(OMe), KOH, and petassium isobutyl 
sulphate. Purified by fractional distillation. 
Heavy oil, with aromatic odour; sol* benzene, 
ether, andedcqhol (F.). 

Ethyl ^obutyl ether * 
C,H 4 (OEt)(OCB^Pr). [39®]. Laminw (Fiaia, If. 

Propyl isobutyl ether 
0,H5(0Pr)(0CEg?r). (246°). Oil. 

Di - isobutyi ether C,H 4 (OCH,Pr) 2 . 
(262°). Formed by heating hydroquinone with 
KSO^CH^ and KOH in sealed tubes at 160®, 
being isolated by distilling the product with 
steam (Schubert, M. 3, 680). Leaflets; insol. 
water,* 8 ol. alcohol and ether. Chlorine forms a 
di- and a tetra-chloro- derivative, together with 
tetra-chloro-cjuinone. Bromine forms a di-bromo- 
derivative as well as tetra-bromo-quinone. A 
mixture of HNO, and H^SO* forms a tetra-nitro- 
•derivative. All these derivatives are crystalline, 
insol. water, and sol. alcohol and ether. 

Methyl isoamyl ether 
04 H 4 (OMe)(OCH,.CH,Pr). (2l4®-237®). Oil 
(Fiaia, M. 6, 910). » 

Ethyl isoamyl ether 
C.H 4 (OEt)(OCH 2 .CH 2 Pr). (262°). Oil. 

Benzyl derivative (^HjCB[yO.C,H 40 H 
[122*5®]. Formed from benzyl-arbutin (u. Abbu- 
tin) by boiling dilute H 2 SO 4 (Schifl a. Pellizzari, 
A. 221, 369). Formed also from hydroquinone, 
KOH, alcohol, and benzyl bromide. Silvery* 
scales (from water). '•V. si. sol. cold water; 
sol. alcohol, ether, an^ benzene. Sol. KOBLAq. 
HNO, forms a di-nitro- derivative [137°]. 

Di-benzyl derivative CspHnO, ».e. 
C,H 4 (O.C,H,),. [130®] (S.*.P.); [128®] (Colson, 
Bl. [3] 1, 847). ^rom hydroqpinone^ KOH, 
benzyl bromide, and alcohol. TablePHrom alco- 
hol). Insol. water and KOHAq ; sol. Bfenzeftc, 
ether, and chloroform. Cone. HNO, dissolvj^ 
if, forming a nitro- denTOtive crystallising m 
lemon-yellofr needles 0 ,,!i^(,(NOJO,. [85®] (S. 
ft. P ) * [78®] (0.). 

Bromo-phepylet Asr 0 ,H 4 ( 0 H)( 0 C,H 4 Br), 
Formed by the action of boiling HBr on a solu- 
tion of p-diazo-phenol sulphate ; 

(ij C«H;|( 0 H)N,S 04 H-j-HBr 
w'c„H^H)Br + N, + Hf |04 
(ii.) <l,H,(OH)Br + CA(OmH,9qB 
- Oi,(OH).O.O.H^r + H^SO, + N_ 

A pungent oil. Sol. alkalis, alcohol and^th^* 
Its constitution is somewhat doubtfal,'%s ita 
vapour density haz %ot been taken (Bdhmer, 
Xpr. [2] 24, 47^). • 

^SijMferences.--hxa> 0 ; Bitcxo-, CniiOUQ-, 
andNETBo-, HiDEOumso^i. 

DihvdroquiAone o. TirBi-oxT-umBBimi. 

• HYOTOaTOrOHB AOUI 

Lx-OXT-BINSCIO AlffiU* 


HTOWJOOTNOHB 


a^i 4 i 09 «la«B» 4 i.<HboijrIl« mM «• Dt-on- 

**^^^qJua«M^tr»-««b«irUe mU 

<4. C3.(0HU00,H), [l:4a;8:6;6]. St^- 

Obt«ined by tapomfri^the 

iSw^th KOHAq me!. A. !»7. 84 •. D. J. 63, 
4tS). Flat, pale yellovr* needloe (containing Ij 
aa).'^. aol. hot vratei, ^e yellow aolution ex- 
Mbiting green fluorescence. IjeClf colours ita 
solution Wue*. Nitric acid does not act on it m 


powder, W. 

SolourbsB solutions with alMs. ^ 

j)^acetyld6rivat%v$OJii^ofi^. [aiO*!, 
riAViirless crystals (from MeOH). 

cor 1. Formed by betting bydroquinone-phthal. 
ein for 4 hours with sine-dust and aqueous 
'Irom benzene in large tables 
(containing C.H,). Its^lkaliue solutions are 
colourless.^ H,SO, ^o^^^as a^red liqm^^^ 


y. Nitric acid does not act on it in coiouncmu^ oUve-green flocculent pp. of hy- 

the cold, but droquinope-phtbalidil which dissolves in ether 

“ icanic acid bebayes^ m Uke manner, dr q Zorescence. Hydroquinone-phthalm 


occurs. Chromic wiQ oena^ea m 
NaA‘- : cbaracteifttic faint yellow prisms, y'. si. 
sol. waOHAq.— AgqA*^; lemon yellow flocculent 
pp. The lead salt is a light yellpw granular 
pp. Tbebarijjm salt is a pale yellotr granular 

^ Ethyl tlher Et.A'’. [128°^. Formed by 
imtmg a eolution of qoinone f ™ " 

eltaet in HOAo vntb zmc dust (Nef). fale 
•••llniv needles.?. soL alcohol, ether, and HOAo, 
Lie solutions exhibiting blue 
Crystallises in two forms, 
lU a:b:c-2-888:l:3'060; 8-64= 
a:6:c - 1*790:1 ;3-321*, 8 = 81=63 (Groth). Its 
aiooholic solution is coloured bluish-green by 
FeClt. It dissolves in dilute NaOHAq. NaOLt 
gives a red colour. Nitric acid (S.G. 14) 
oxidises it to quinone tetra.carbuxyho ether. 


droquincgie-pninaiiam, wuiuii uwovay^- * * * 

with green fluorescence. Hydroquinone-phthalm 
readily yelds the corresponding phthaleln when 

treated with oxidising agents. 

'Di-ae^tyl der^ativeG^a^itkcfiy [191 

Colourless prisms (from ^eOH). 

HYDRO -QtJINONll OTLPilONIC ACID 
C H„(OHVSO,H. Prepared by heating hydro- 
q& i pt.) withT^ta ofVo at 60» for 
3 hours (Seyda. B. 16, G88)jt Crystgllmo solid. 
Gives a blue colouration with Fe,Clrt. By fusion 
with NaOH or by heating to 180= with aqueous 
or alcoholic*NH, the HSO, groqp is ohmmated 
as sulpCiate and hydroqumone regenerated. 

Salts. — A'K: long inonocliq*c crystals, 
o:6:c- •96:1:2-2266 ; 8 ^ 107= 23' ; v. sol. water, 
gl. sol. alcohol* reduces AgNO,.— A ,^,Ba : amor- 
phous powdS, sol. water.- A', Zn 4aq : concentric 
needles, v. sol. water and alcohol.^ 


oxidises n w qiuuu^c — -'--y needles, v. soi. waier auu laiw...... 

Zinc and HCl reduce it to the following body. Hydroquinone disulphonio acid 

• '-“-ylicji « „ m -Pnrmpi: bv tr« 


nc ana tcuuvc «v. « . 

BihydTida of hydroquinone tetracar wxyUc , 

by adding zinc-^ost (10 g.) and cono. HCl to an 

alcoholic solution of the preceding ether (2g.) , colour wuii rei./i,»iiuxcituv« * 
(Nell Colourless needles or pnsms (containing | quinizarin by heating with phthalic bcid and 
iaoh In the hydrated condition it is y. sol, i jj __ K^"l laq: pnsms. — 

and ether ;<n the anhydrous condition it jj' j^'/4aq; monoclmio prisms, m. sol. cold water. 

JTbut slightly soluble in these liquids. Us 
.. Kliin flnnrftflcence. 


add with fuminu H,SO, (HesM, j 1. J? J' 
Svrup ; V. sol. water and alcohol, inwl. ether. 
Solutions of its alkaline salts give atfeep h ue 

colour with FeCI, and reduce AgNO,. Converted 


■olations show feeble blue fluorescence. lU 
!!L>boUo solution is coloured cherry-r^ by F eW, 
^mine added to iU solution in CS, forms 
hydroquinone tetm-carboaylio ether. It reacts 
o 4^tb pbenyl-bydrazine and with hydroxylamm^ 
lid on this account tts formula »»y »'?» ^ 
ilirtten CAO.(W‘). sug- 

!Sr».rssiWrj;,.£E 

oi^xylic ether C JH«Oj(COaFt)«. « t 

TroB<KlDBiair| CARBOXYLIC ALDH- 

HYBB V, Pl-OXY-BBsfolO « 

BTDB 0 Q.TOI 0 HB. 0 LDC 08 IDB v. ARBxmif. 

yyjjlOiQpf ygOHRePii^ H A I Bl H C8^ijO*i.s. 

‘ co<«?‘>c<g^®>o- “o'; 

( 227 ^^. Pcnhdd, to^er with 

Leafing hydfCqmnnne (St, mols.) phthalic 

Ib 18 ^ th. weight ol the ’Jo^ 

bom' jeohM in iMrfta fo^i^ 

HOBt). Alkalin to™ ^ *S"*o^**^2Ih?HoSf 


BaA" 4aq : monoclmio prisms, 

— A"(PbOH)y. , , ,, 

Hydroquinoue-dl-sulphonlc acid ^ 
C.H..(OH),fSO,H)8. Prepared by 
omnone (1 pt.) with 6 (Cs. ol fuming H.bO, lor 
I hour at 1004l0» (Seyda, 2J. 10, 690). Formrf 
also by heating potassium thiochromate witt 
water at 136= (Graebe, A. 146, 4^. Long deli- 
quescent needles. V. sol. alcohol. 
ether. Gives quinizarm when heated witn 
phthalic acid and H^SO^. i 

8alfii.-A"K8 4aq: long 
water, si. sol. cold water, msol. alcohol. FeCl, 
colours its aqueous solution 
boiling solution of AgNO,.— A Na, . white 
amorphous powder, sol. msol. alcohol.- 

A"Ba8lft: glistening needles or long pnsms, 
sol. hot. si. sol. cold, water, mso . 

A"Zh Gaq : concentric needles or long prisms, 

sol. hot water. ^ . . * , 

HydruquinAa di-aulphonlc acid 


, a violet colour. 
»b(OAo), give pps. 


orysfallise. Gives with 
Reduces A^NO,. BaCl, 
sol. HOAcAq. ^ 

^KydroquiMBsSlsnlpk^ £1***** 4^?* 
fulphonating the di-metbyl **yf*S' 

^Sw. B. 13. lew). 

lOtMtnt a nnilw. •• ^ *1*®^**! 


aoMoi 

mtoL 


m 



HYDROXONIO ACID, 
targe eoloarleie titbUe, eoL 1 fi. 10,19H5V 

II. iwdAnva it* anlniinn iloAii viAlAt. ' *' 




large eoloarlete tift>lee. eol. 
r«tor. FeOlf eobars its soluUcm deen violet- 
: ooloorless soluble prisms.— 

: white amorphous powder, y. sol. water, 
mol. alcohol.— A'Zn : lelted needles. 
KTDBOBmNEaUIllONE V. Ketesb. 

HTDE080RB1G ACIB e. ELcxbnoio acid. 

HTBBOSBLBHIBXB. {^ulphohydrates.} 
Compounds ol an element or radicle with hydro- 
gen and sulphur. The name is aometimea re- 
strict^ to those compounds which on account 
of their reactions probably contain 4he group 
SH. The hydroBulphides are the Sulphur ana- 
logues of the hydroxides. The nam# 
hydrates, sometimes given toHhesejsomphu ♦ 
? 3 %adly chosen, as it suggests a compound 
water wth a sulphur-eontaming substance. The 
AM n^E itumeroua. ^any non- 


B. 10, 105151.— a. By treating amido-o-cresol with ’ 
mtrouB acid (Nevile a. Winther, C. J. 41, 416 ; 

2979). Pearly plates. , May be sublimed. 
V. 6. sol. water, alcohol and ether, m. sol* benS’ 
en4t pxidised readily to toluquinone. ^ In 
aqueous NaOH it forms a bluish-green aolutwn, 
turning dark brown. Its ammoniacal solution 
turns brown in air. FeCls gives a btowtush-reu 
colour. Bleaching powder gives a 
colouration, lining 


colouration. tu^ming 

aniline, forming 0,H„(0Hidl)iH^hh, water 

orystaliising ^ Xol [62®]. 

. Cea, & vjlth ^ 

.tX by henting hydrotolnqum^ 


water with a sulphur-eontaming suosubuo.. /240®n246®). Pormeo, jogeui^ — 


wh ch is the nonTmetaiiio T" 

Icidic hydros^phides have been A 

!S;tsJnoe.coUes»i^ 

r^st^t^A-AH/or but none 


In being volatile with steam ana ^ 

o^^sta Cng i/^hin 

;s;^s=:e,v.-s:|u. 

HtDEOSTOPHOmHIO ACID «. «***“ 

At?^&«=^HAU0 ACID n. H^drities ^ 

jen, nf. pr. [2j »* gol. hot, water ; 

ri,f aJol be, snbr,mod.l 


lEIuu , 

A#* m ■! flOl* 

^ ^.iOLTfiWS Oe Tolueu* 




“‘^nTllTwr Heavy 0. 

ir^hboUtaj w% Hot * 

iHClAq or hIo^ ^ 


JSntiS^ 

aTflj! nr’«.si‘-_s*js! gi^itaiiassias 


^i^Tor J7i ' b riao^] iw®dei, b. io,^r x 
^ ®y oxidi^^ 

S V" If* 



m 


®n)noxom|r A013)* 


. PbA'^liaq.- 
«, OZY-^ 


WyiteUin® pp, — Ugk*^Uq, ■ 

4^^3&q: orystalline pp. 

WlHoXY^ flOMPOTOBS 

YO UHPg. 

BTDBOXTL. The radicle OH. Tlj^s C^lrap 
ooeam in alcohols and in znoet acids. Its pre- 
sence In orgaidc ocmpon&ds is shown by the 
following reaotion|: 1;;;: £bdlium gives off hydro- 
sm^jjljivea oil ethane (Japp, 
a /. 87. 666).-8.1pflpim off HC1.-4. AoCi 
and BaOl reaol» givi$ off HGl, and forming 
aoetyl and benzo^derivatives of the substance. 
6. Ac^O and Bajf also form acetyl and benzoyl 
derivativeB. The number of hydroxyls present 
may be determined by saponifying^ ^o acetyl 
derivative wiiU standard alkali, and titrating the 
product with standard acid (Schiff, fi. 12, 1532). 
Jackson a. Bolfe (Am. 9, 82) pilfer to prepare 
thep-bromo-benzoyl derivative by means of p- 
bromo-benzoyl chloride or anhydride, and t]ien 
to determine by analysis the percentage of brom- 
ine in the product— 6. According to Landwehr 
(B. 19, 2726) if a substance is added in excess to 
18 0 . 0 . of a very dilute solution of ferric chloride 
(prepared by adding 2 drops of a 10 p.o. solution 
^ Fed, to 60 0 . 0 . of water), the production of a 
■ulphur-yellow colour denotes the presence of 
hydroxvL 

Hydrogen dioxide has sometimewbeen termed 
hydroxvL 

Kf SBOXTLAIUH E NHjOH. (Oxy am- 
monia). This base was prepared by lessen in 
1865 oy reducing G^H^NO, by the action of Sn 
and HClAq. It m a product of the reduction of 
nitroparaffinsand^trolio acids, of HNO„HNO„ 
some nitrates and nitrites, and is also produced 
by the union of H with NO. NH^OH has not 
been isolated ; it is^own only in aqueous solu- 
tftn. 

Farmatum. — 1. By the partial reduction of 
HNO„ by Sn and certain other metals with 
HClLAq or H,SO^Aq, or by an acidified solution 
of SnCl,. Divers (0. J, 4^ 443) and Divers a. 

" flbimidzu {C, J. 47, 597) have examined the 
reaction ot Sn, Zn, and some other metals on 
HNO,Aq in presence of Hd or H^SO,. They 
eonclude that NJB^OnL is a product of the intcr- 
aotion of both acids and th^ metal, and that it 
is not jfrodq^ by the reducing action, on the 
HS0f,ci hymrogen formed by the reaction be- 
tween the metal and the Hd or H,804 present. 
KH, is fotmed along with KH/)H *, according Ur 
D. a. 8. the KH, is atroduct of the ipeaction be- 
tween ^ metal and Von Dumreicher (Jf. 

l,724)foiind that SnCL in presence of Hd reduces 
* HMO,toNH,OH; Dlverss.Ha(a(a./.47,628) 
find ^t if sufficient wi^ is present to prevent 
reaction bgtweeif the Hd and HNO, no 
3H is produced ; the SnC^ thusrappears to 
(with A p^uct of the interacts of the 
tVo acida^fi. reducing KH^NO, by Sn and 
HGlAqrJ[]tatimen4, 0. B. 70t Hi); at NaND, by 
ttM saxM reagents (Donath, W* A. JB. [2nd part] 
t8, 866j.— 8. By reducing $0 by passing it into 
Sn ana HdAq, or by reaction ^th Snd^and 


HQlAq Dumreicbcr, if. 724 ; IHvers^^ 
Haga, d. /* 47. 628). ^^Acooi&ig to D. am | 
tlaai ia no action batwcen KO and addificd 
ffiuOL adltttica at By ^ action of Snd 

^9Sdl0l.or^i0l.jhiH(BH«0^ 
t 881)^ By^SueiJBff vailcai sitro> 


paraffins1>y Sn and Hd (Meyer a. Xioohel^ B. 8, 
215) ; also by reaction of nltroparaffins wi^ 

H, S 04 (PreibiBoh, J. pr. [9] 7, 480 ; 8, 816; 

M. %. L. Lc.).— 6. By reducing nitrites of K or 
Na, and some other nitrites by H,B (Divers, 
0. J. 48, 464 ; 81, 48]S—7. By reaction of oono. 
HGlAq with fulminates (o. p. 817, BeacUons 10 
and 11). • ' 

PrejMraUon.—l, A nmxtnre of 120 grams 
C^,N0a, 400 grams granulated tin, and 800- 

I, 000 0 . 0 . HOlAq S.G. 1*19, to which are added 
about 2,660-.S,000 oa water, is placed in several 
large flaskf ; action proceeds without heating ; 
the fiashe are shaken from time to time ; when 
the adtion ceases* the contents of the flasks are 
mixbd, at least an ^nal volume of water is • 
added, and the Sn i^PAttl. by passing in H,S ; 
the filtrate from SnB i|bcoiftentrat§d, at first 
over a flame, then Cff the water-bath; NH^d 
separates ont, then a compound *of NH^d with 
Snd,; these crystab are kmoved^ and the 
mother-liquor is evaporated to a small bulk, 
when crystals of NH,0H.Hd mixed with NH^Cl 
separate (tlfb mother-liquor oobtains various 
compoifadB of 0, and chlorides of Fe, de- 
rived from the HCl or the Sn used). The crystals 
are shaken wit^ a very little cold absolute alco- 
hol, the liquid is pou^ off ; a few drops more 
absolute alcohol are added, and again poured off ; 
the crystals are now kept in contact with boiling 
ab^lu^ al<x}hol until they^are dissolved, the 
li^d is filtered hot, and (wtme still hot) enough 
P^l^ in alcohol is added to ppt. the NH^Ol as 
2 NH 4 d.PtCl 4 ; the filtered liquid yields crystals of 
pure NH|0H.HC1 on cooling ; by evaporating the 
mother-liquid a further yield of crystal^ is ob- 
tained ; these should be reorystallised from hot 
absolute alcohol. About 47 grams N]^.OH are 
obtainable by this process from 120 grams 
0,H4N0, (Losseu, A. Su^l, 6, 22^. To pre- 
pare the C,H 5 NO,for making N^OH, 400 grams 
HNO,Aq B.0. 1*4, whioh have been boileAfoi a 
few minutes with abod^ 7 grams urea nitrate 
and allowed to cool, are mixed with 800 grams 
commercial absolute alcohol; 8(|9 grams urea 
nitrate f^re added, and the whole is distilled from 

a tubulated retort ont;l from ^ to | have distilled 
over, when a funnel with glass stopcock is placed 
in the tiMus of the retort, and a freshly pre- * 
pared mixture of 400 g. HNO^ with 809^ g. 
alcohol is allowed to flow into the retort, 
dr^ by drop, while distillation proceeds. The 
C^ijNO, thus obtained is washed with water, 
and thencused as already described. —2. Von 
Dumreicher (Bits. W. 82, 860) reoommends 
the leduotion of 0|H»JfO| by a solution of 
SnQ, in HOlAo ; about 90 p.c. ot the theoretical 
yield of NH^O^is thus obiained. CiH^O. is 
mixe4 ffftb a smution of SnOL in cone. SOlAfi 
in the ratio shofwn by the Muatton 


0;iMa-i-&BndU6H0l 
- ^ CAO i3|ca4 + 

alcohol is added so as to fiwla ahomogimeoot 
liquid, and after • little the whole Is gently 

waiSBid untflalitHeol 11^ Uqold gives a clear 




With h;s, the filtfite is t^aperated a. 

as dlreetad in I4 Ihglaad of tlm tedhffii proeeii 
oi m 8 b by MS, urn the lone-eontintiM evait 
Kwi&t of &^trat4, T. 

tfh f|[pnpeiitfstf Ihffi 
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add excess of Na,00„ to filter 
irom Ihe pp. vlfioh contains Sn, and idso Fe, Oa, 
to., ^iont as impurities, to oarefull/aoidily 
fiih HOI, and evaporate on the water-bath i bv 
lieating the residue with hot absolute alc^ol, 
Utering from NaOI and^KH,01, and cooling, 
sryatalB of NHjOH.HOl containing only about 
10 p.o. NH4OI are obtained. These crystals areJ 
inmoiently pure for liost purposes for which 
is used. — 8. Ludwig a. Hein (B. 2, 671) 
pass NO (made from HNO,, H^S04, and FeSOf, 
and stored: in a gasholder) through j| series of 
bottles containing Sn and oono. HClAq to which 
a little FtOlf has been added ; the dissolved Sn 
is removed by ppn. as SnS ; the rest of th« pro- 
cess is as described in 1. In ^is reftction some 
N is always produce^ but NjO is not formed 
(Divers a. Hager, f. t/Wf , 623). If air is ex- 
cluded no NH, is prodRfeed according fb D. a. H. ; 
bat Von DummioW (JH 1, 724) says that NH, 
is formed by reduction of NH,OH by the SnCl^. 
4. NH-OEns not economically prepared by the 
duotion of HNO,. In one case, however. Divers 
itained fully 80 p.o. of the HNO, as NH,OH 
h J. 48, 445)* in this experiment 68 c^. cone. 
ClAq were mixed with 6 0.0. HNO,Aq S.G. 1'42, 
id the mrlture was at once poured on to 35 g, 


anulated tin in an 
isk being placed in cold water. 


of CO,, the 
If this method 


employed the liquid must bo kept very de- 
dedly acid throughout the reactiog ; about 6-6 g. 
[jSO, (supposing that acid to be ^sedf shcmld 
8 present in every 100 c.c. liquid, the amount 
I feO- in 100 0.0. not exceeding *7 g. (Divers a. 
himidziL 0. J. 47, 697). Divers (0. /. 43, 
68) has examined the action of various metals 
n a mixture of HNO, and HOI or H,S04. 

NHjOHAq is obtained from one of the salts 
lepared as described, (i.) by forming the sul- 
hate, by evaporating the other salt with an 
quivalent quantity of HjS04, and crystallising 
rom alcohol, and (ii.) by decomposing the sul- 
hate* in aqueous soligbion by an equivalent 
uantity of BaO,H, in solution, and filtering 

romfiaS04. . . , ^ a 

ProperHes?^^OB. has not been isolated. 
Vhen N^^OHAq is distilled NH, ^d water 
lass oVer, the distillate ’also contains some 
iCLOFL NHaOHAq is colourless and odourless ; 
I has an alkaline reaction, and acts a8%n ener- 
wtld reducer. An aloohelio solution of NHjOH, 
ibtainedbydecomposingoonc. 2NH,0H.H,S04Aq 
ly EOH in idcohol, r^dens and inflames the 
. far. NH,OHAq produces pps., ^oL excess, 
n BdutioM of ZnSO,. NiBO*. FeOl,, flum, Cr- 
amn. and Pb acetate; pps. are 
Erom salts of Mg, ^ Sr, Ba. , 
is nnsUWe, it is .decomposed by KO^q. 
KYSLOHAn it distinctly basic; li its reactions 
^ 1^ it resembles 
with tb« toi^ to form salts 
STiKen M-NB^ or NH/^e W of 
SilttaUaation of HAq is 
than that of NHlAqrfiiJ?J®®B.i?^ h 


lolutton of HHy)H lhim4,mH,! 
numbers are [N,H’,0,A^ - 84,S90 ; 

[p,820; similarly with hydrocW«Jd« 

,01] . 76,610 ; [N3‘,Ol]»76,790 (TV *• 

84)a 

As IfHyOH cannot be gasified its molooi^ 
weight is unknown. Lessen haS(^ shown that 
there are three isomerides of the form NBB.OB, 
and three of the fonn HI^.OB. where B is one 
monovalent radicle and*^ is another monova- 
lent radiole. It appears iiien as if each H in 
NHjOH were differently related to the rest of 
th» molecule from the ottaw H atom: the 
formula NH^.OH, however, shows two H atoms 
similarly related to the rest of the molwule. 
This fomwda.is confirmed by the production of 
hydroxylam^^e by reducing nilfidtes (NO, .OH), 
and by the general reactions and combinations 
of the body. H the molecule of hydroxylamine 
is represented by the formula HO-H.^N— NH,.OH, 
th^existence of all the observed isomeric deriva- 
tives is accounted for (o. HmaoxiLiuiMS nssi- 

VJLTIVES). 

Detection and Estimation, — Traces of salts 
of NHpH ppt. Cu,0 from fairly cone. KOHAq 
or NaOHAq to which a little CuS04Aq 
has ^een added (Lessen) [2NH,0 4CuO 
=.N,0 + 200,0 + 3H„0]. NHjOH may be esti- 
mated by tiljation with standard I, in presence 
of MgO added to neutralise HI [2NH,0 + 2l2 
«N,0 + H20 + 4HI] ; or by warming wi^ solu- 
' tion of FejisOJ, to 80®-90°, and determining the 
ferrous iron by standard KMn04Aq 
[2Fe2(S04),-h2NH,0 
- 4FeS04 + 2H,S04 + NfO + H,0) 

(t). Meyeringh, B. 10, 1940). • 

Bfloctions.— 1. NH,OHAq reduces many me- 
tallic salts in solution ; CuS04Aq ^ves a grass- 
green pp., becoming reddisS, on boiling Go|^ 
ppts. ; the pp. in the cold is sol. in excess of 
NH,OHAq, access of air to the solution causes 
a brown-green pp. sol. on gently warming ; am-^ 
moniaoal 0uS04Aq is decolourised by NH,OHAq, 
CuSO, with excess of KOH is reduced to Cu,(^ 
HgGl2Aq is reduced t§ HgGl; AgNO, gives Ag 
with evolution of gas fN,0 and N) ; salts of 
Au and Pt are reduced tosmetal, the latter on 
warming (Fremy, C. B. 4r0. 61, 1207 ; Lessen, 
B. 8, 857) ; K,CrOJkq is reduced, but only on 
warming, additiem of a little HfSOi^usj^rajpid 
evolution of gas and formation of a brown pp. 
(Lessen, A. Suppl. 6, 236). In these reaotiois 
f&e NHjOH is generally oqpplefely decomposed 
to BLO, N,D, and N ; ai^rding to Meyenngh 
(B. 10, 1940) and Donath (TV. A, B. 76 [2nd part], 
ke), only N,0 is evolvod.-r-2. According to Von 
Dumreioher (M. 1, 724) acidified stannous duor- 
ide reduces NH^OH to NH, at 100° ; but Divers 
a. Haga 47^28) assert thtflfco NH, is pro- 
duced if acd&B of air 

hydrochlor^ acid slowly i^duo%NH,«H to NH*^ 
(Lossen) ; according to Divers a. Haga {Lp,) oot 
and hot oono. HGlAq have hs^y ^ ^0^ 
NH.OH.HG1; Divers a. Shimidsu (C. J.¥7,6¥7) 
that Zn and H^SI^.Aq likewise have pra^- 
actiono^aNHaOHHiSO,.— -4, 1 


sav tnai z.n 

^^yno actio - * 

^KialtB of NH,OH are dtoomposed 
wi^evolution of N, NH» and n Ittw 

5 . lodins quickly decomposes NH^H 
Cats to N,0 and H,0 with^form^ ' 

6, jrsmostt^totsitMdnoaabyFPBI 
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•alts to FeSO«, with evolution ol K,0.~-7. Con- sHtiott with NaOH, !>• mM witti 
tact with «nc, in alsenoo of acid, decomposes chloride (8 pts.) in the Oold» di-benwjfl^hj^dtQllI* 
KH^OHand its Baltsr (Divers a. Shimidzu, 0. J. amide separates while the benaM>7l hydrotTl* 
47,597).-~8. Sodifim nitrate oausea evolu^UfllM amine which remains in solutioh may be p]^ 
N,0 frw 2NH,0H.HjS04Aq ; dUnte somoons as iBa salt by baryta, and then liberated by 
of ENO, and only react 4hen HjSO^ (Lossen. A. 161, 847). Trimetrio plates 

boiled (V. Meyer, C.C. 1876. 620). (from alcohol); a:?>t - -856:1: -822 (Klein, A. 

Combinations. — NH^OHAq combined ^th 166, 180). M. soL water, v. e.- soL lucohol, si. 
many acids to form salts. In these reactions • sol. ether and Og„ insoL benzene. Decomposed 
KH,OH behaves similarly to ; the acid and* somewhat violently by heat. Acid in reason, 
base combind, and thi salt is the only product Boiling dilute HOI or H^S04 split it up into 
of the interaction. The salts of NHgOH have hydroiylamine and benzoio acid, 
the exposition BAi B,An„ where B Salta. — BzN9.0K(BaKH.0H) : trimetrio 

.NH,OH, Ai- monobasic acid, Au-dib&sio prisms or plates, m. sol. warm water, si. soL 
add, Am-tribaaic acid. The salts of NH-PH alcohol., OrystaUiseB from an alcoholic solution 
eryaiallise without water ; they ar% easily de> oven *in presenoo of excess of oaustio potash 
composed by l|eat, generally with e\\)latioa of (BzNH.01^)(BzNH^H) Saq: plates. Effloresces^ 
K and N,0. The chief salts tare acetate in dry air. Its aqueoue solution gives white 
KBLOBLOtH.Os, crystallises froi:n.warm absolute pps. with solutions oFCABO^^alum, MnC4t nod 
itiMnol; hydfwlUoride NELOILHCl, crystallises lead nitrate; a nearlja^mte pp. witSi OuSOi; a 
from alcohol or water, melts at 100®, and_^en green pp. with chroma alum; it whitish-green 
decomposes violently to N, HCl, H^O, and NH^Cl. pp. with NiSO^ ; a peaoh-coloured fp. with co- 
V. Meyer (B. 16, 2789) says that the presence of bait nitrate ; and a yellow pp. with mercuric 
10-16 p.o. NH4CI in kHjOH.HCl is not objoc- chloride. All those pps. dissolve in excess, 
tionable for most purposes for which the salt is Silver nitrate gives a white pj^ insol. excess, 
used, and that the salt is perfectly stable when and rapidly blackening. FeCl, gives a dark -red 
it is mixed with some NH4CI. If, howej^cr, it j pp. dissolving in excess with foraq^tion of an 
should contain any HCl or FeClj the whole of intense red solution. This oharactenstio coloura- 
the NH^OH-HCl is slowly changed to NH,C1. tion is dcst^p/bd by cone. HCLAq but reappears 
NUraU NEL,OH.HNO„ easily soUin absolute on dilution.— Ba(O.NHBz), : minute needles, 
alcohol ; phosphate, NH.pH.H,PO„ separates in formed by neutralising the acid potassium salt 
■wall crystals on mixing dilute solutions of J with aymopia and ppg. with barium chloride. 
Na^04, and an easily sol. salt of NH.OH; —^a(0NHBz),(H0NHBz),Pcry8talli8es in small 
#ttZj)/iafe2NH,0H.H5S04,very sol. in water 'ppd. i^isms, together with free benzoyl-hydroxyl- 
by alcohol Meveringh (B. 10, 1946) describes amine, when the neutral Ba salt is decomposed 
some double falts : hydroxylamine alum by an insufficient quantity of HjSO, and the 
(2NBL0H.H^04ptJ,(S04),.24H,0, and a c/iromc- filtrate is allowed to evaporate. V. si sol 
4dum <2NH30H.aj80J,Crj(S0,)3.24H.0. and water and alcohol— Ca(ONHBz)a : amorphous 
iron alum (2NHj0H.H^04).Fe,(S0j,.24B40. pp.-Zn(ONHBz), : crystalline pp. 
fhese double salts are formed in octahedral I Ethyl other v. Ethyl-hydroxylamino 


crystals by mixing oono. solutions of their consti- 
tuent salts and allowing to crystallise ; the double | 
csalt (2NH,0H.!l^804).MgS04.6H50 was obtained j 
by mixing solutions of constituent salts. | 
• ^ M. M. P. M. j 

HTBEOXYLAMIH| DBBIVATIVE8. IJy- 
dxDxylaxnine is a venr important reagent in or- I 
chemistry, sinro it reacts with aldehydes ; 
•ad ketones with elicaination of water, forming i 
ihe osSns (F. Meyer a. Janny, B. 16, 2783 ; 16, v 
1(W)% t> 

B.OHO 4 HjNOH « RCBOH + HjO 
« B.COJd' -kH-NOH « RR'CNOH + K,0. 

The oxims are also c4ded isonitroso-^compounds, 
and are frequantiy interohangeable with nitroso- | 
compmmds. Thus, nitroso-phenol is identical with 


(infra). 

Ei-beneoyl derivative Bz,NOH. Di- 
benehydroaamic acid. [168®] (Steiner, 4* 

226; cf. Heintz, Z. [2]r6, 733). Formed V ^he 
action of BzCl on hydroxylamine or on bwzoyl- 
hydroxylamine (Lessen). Forme^ also hj treat- 
ing nitro-ethane with BzCl and eztraotmg the 
product with boQing^ benzene (Kessel; BZ. [2] 88, 
171). Needles or prisms. 81. sol water, cold 
alcohol, ether, and CS„ m. sol hot alcohol^ 
almost iDsol benzene. Acid to litmus. Desoni- 
poses violently when heated above its melting- 


benzoic acid. Boiling baryta- water forms bensoio 




acid. Thexei^Uni oi hydroxylamine on ketones 

attached to the carbon united 
with tha earbdoyl ^rzig a. Zeicel, B. 21, 


l^^toaldehydes react npon hydroxylamine in 
thatamt manner as aldiAydes, producing the 


« Aliofl dwivattxps of byarfflnrhmine 

Bsmayl derivatifto BaNH-OBL /ww- 

dtjfdtwimh add. |126®]. S. ^ 

htdioi^uaiiia hydioohloddo (1 pt.) bo dissolve^ 
« -Trznr% Mintioii. mtarnouiraii- 


but in neutral solutions it gives a 
pp« A solnticm of the K salt gives white pps. 
witu nitrate of Pb, Ag, and Co,withMiiGltt^th 
ZnS 04 and 4Ph 0 dS 04 ; a bluish-green pp. with 
chrome alum; and an ^pj^green to. with 
NiS 04 . Unlike mono-b«u4^-hydroxy]amino it 
gives no pp. with salU of the aUcalino sarths.-- 
Ba^OK: thin pMrly i^otso (from i^hol) or 
minute six-si#ed^blestPdscomjMiOd by hot 
water into potainnm tHRiaoate> ol«ilhnyl.Qioa, 


and OOg; and by KaOH into bsomPwra^ 
amine and 

^OAf. ^ . 
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Tri • binMopl dsrivaiiv$ Bz^Odz. 
fonmd Unong the pioduote ol the action ot 
bemoji dhbride dusolved in toluene epn dry 
hydxoxylamine hydrochloride. It is also formed 
by heating Bz^NOK with BzOl at 100^, after- 
wards removing excess of BzCl with ether, and 
KCA with water, and oirstallising the residue 
Irom alcohol (Lossen, i. 161, 860; 176, 282, 



UulUO WI%U Ov PWD* K/L UiJ UCUAVUO 

4 pts. ot benzo^ chloride diluted witl! d pt9> of 
benzene. The mixture gradually separate into 
app. and a liquid; the pp. is washed with ether 


which takes up chiefly the (of-modi^oation 
• then with boning alcohor which dissolyei 


lUOU »*v«*.w* — 

(0).and (7)-modificatjgn|, together with di- 
benzoyl-h|^roxylSmiw8* ^he alcohol^ solution, 
treated with ajjolution dP NajCO,, yields ^ 
consisting of the {&■ and (7) -modifications, which 
may be puflfled by reory stallisation from ether or 
alcohol, when the many-faced pnsms or needles 
of the Ol^sompound must be separated by hand- 
picking from the short thick rh^bohedra of 
the M-isomeride. All three modificatfons are 
split up b^^ distillation into phenyl cyjin&tQ 
,aa binzoio anhydri^ and 96.“"''.®^^“/, 
alooboUo KOH into K»Bz and (lie di-benzoyl 
derivative. riAAoi 

Wyn-benzoyl.hydTOxylarn.^ 
Monoclimc 
ftl®42' 

lann, .a. - 

plita 4t up into benzoic acid and di-benzoyl- 

'^^W.TtXnzoyl-hydroxylamine [142^^ 

[nsoL ether, m. sol. boiling alcohol, ^ot 

2d%z^0H. Unlike the (<.)-i8omende it diB- 

lolxaa in aqift^ns Na,CO,. , 

(,).Tti.benzoyl-hyV«yl»“‘“®JV^ 


w 

water. — 0 J,(0M6)NH.0.Pb0A« : pnlTerolant ' 
pp. podges, A. 182, 218).'> 

Di-anisyl derivativ9 
(6ei0Me)00),1^0H or • 

0ST0Me).C0NH O.C.H,(OMe).CO. 048^. 
Keeuie^ v. si. sol. ether, insol. benzene. ^ Bpht 
upfby. boiling baryta- water into anisic acid and 
anttatoydroxylamine. 

S9ii»oyl-anisyl derivative 
Bz&0,to.C^,.OMe. p82°]. ^ Formed by 
trelilng \enzoyl-hydrofyiamin6 with anisyl 
chloride. Needles or prisms (from alcohol). 
Split up by heating with baryta-water into amsio 
acid and benzoyl-hydroxylamine. The potas- 
sium salt is split up by boiling water into amsio 
acid, s-rii- Aenyl-urea, and CO,. 
hydroxylS^fie is resolved by dietillation mto 
anisic acid ftnd anisyl-anilide. 

Anisyl-h^neoyl derivative • u- 

O.H,(OMe).CO.NH.OBz. [148-]. 
tilting anisyl-hydrox^laimne with 

c^ride. Needles or pnsms. Spht up ^ 
ing with baryta-water into benzoic ^id and 
amsyl-hydroxylamine. The t^tassium salt is 
split up by boiUng with water ^ 

s-di-p-methoxy-di-phenyl-urea, and CO,. ^“ 7 
benzeyl-hydroxylamine is spht np by diatOla^n 
into benzoio acid, benzoyl-amsidine, C0„ and 

pfsz 

BzN(CO.C.H..OMe).OBz? Formed, m three 


^ Short triolmic 
I ^ne muukfioation formed in 
When heated with dilnte HOT 


pts. of the (7) 

(al-Modification [114^ 81 

prisms. This is the modifioatio 

Alcoholic KOH forms benzoio 

dry distillation the(a)-modj(loationiBd^m^»rf 

with slight carbonisation^into phenyl oy®”JJ“® 
Tnd benloyl-aniBi» a4dri4«. 

o( p-methoxy-phenyl oyanate ^ 

‘'“(IvSo’ation [125»1, 


ss»Sfe-ss 


KOH converts it intt^EtOBz and t 

long tune to Jpu^y* , . ^ (Bl-m*. 


^Ua« ^ Imnprted into fte WUm*. 
iCLr bS diUta HCl ( 8 . 0 . b- 06 ) form; 

i^fo'.*i-p“);.'tS^itoJutro«aeVplbU^^^^^ 
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J>i-h$%»oyl^anisyl derivativB 
B8^.o.oo.cAom^ Formed, in two rnodifi* 
cations, by the action of anisyl chloride on d/i~ 
benaoyl-hydroxylafiiine (liossen, A. 186, 2l).r 

J a)-Modifioation [110^. Mono^io 
lies or prisms. Boiling dilate H€fl (o.G. 
1*06) easily splits it np into anisic acid and di- 
benzoyl'hydroxylamine. Alcoholic EOH gives, 
on the contrary, benzoic acid and benzoyl-anisyU 
hydroxylamine. Split* up by heat fnto phenyl 
cysnate and benzoic anisic anhydride, together 
inth smaller qnantitieB of p-methoxy-phenyl 
eyanate and BztO# t 

Modification [110°]. Rosettes of 
small crystals, oconrring in the last crop of crys- 
tals of its (a)>isomeride. It is sca];odly attacked 
by boiling diliftd HOI (S.G. 1*06) j. while pro- 
longed heating with acid of S.G. Iu4 forms di- 
benzoyl-hydroxylamine, most of* the substance 
being, however, converted into hydroxylamine, 
benzoic acid and anisic acid. ' 

Anisyl-di-beneoyl derivative 
MeO.OJBi|.CO.KBz.OBz? Two modifications of 
this body are formed by the action of benzoyl 
chlori^ on silver anisyl-benzoyl-hydroxylamine 
(Lossen, A. 186, 25). 

(a) -Modification [137^. Mondclinio 
tables. Slowly decomposed by dilate HCl (S.G. 
1*06), more readily by stronger HCl jS.G. 1*14), 
into benzoic acid and anisyl-benz^yl-hydroxyl- 
amine. Alcoholic EOH also gives benzoic acid 
and anisyl-benZoyl'hy droxylamine. When heated 
alone it yields ^methoxv-phen^rl eyanate and 
Bz,0, together with small quantities of phenyl 
eyanate and benza-anisic anhydride. 

(/3). Modification [110^. Small rosettes. 
Kot d^mposed by HCl of S.G. 1*05, and only 
partially attacked by acid of S.G. 1*14. Aloo- 
hplio EOH form# anisyl-benzoyl-hydroxyl- 
amine. 

AnUyl-heneoyl-anityl derivative 
0«H«(OMe).COJTBz.O.OO.O«H,(OMe). Formed, 
two modifications, by the action of anisyl 
cj^ride on the silver salt^f anisyl-benzoyl-by. 
jlotylamine. 

(a)-Modificatioik [163% Very small 
monoclmic tables (frciia ether) ; a:b:e » *866: 1 .*380 ; 
#«76® Sy. DUnte HCl (S.G. 1*05) easUy de- 
compose it, fqrmix^ anisit acid and anisyl- 
benK^-hydrjxylamine. Alcoholic EOH forms, 
on *thb 1}ontrary, benzoic acid ^nd di-anisyl-hy- 
dmxylamine. 

(i8).Modifi^ati<|n [149®]. Only 1 pt o^ 
this modification is formed to 34 pter. of the pre- 
ceding. It crystallifes in monoclinio tables; 
a;b»- 1*002:1: *789; i3»89®6r. 

Di-anieyhhenMoyl derivative 
(CA(OkIe).CO)^OI9if [148®]. Formed, in 
oiuy one modcA^stion, by the Action of BzCl on 
silver di-anisvl-hydroxylamine. MoiiOolinic crys- 
tals. Sloiriy ^tacked^THOl of S.O. 1*05, 
mmre rapidly by stronger acid, formfhg benzoic 
add afid di-amE^l'hvdroxylamine only. Alco- 
hedio BOH reacts in like manner, but forms also 
a little anitie add and anisyl-benzoyl-bydroxyl 


ina. \ t 

Ben§%yUdi-af¥isyl derivative 
(i(CO.<^*.OMe).0]MT Formed, in^o 
flbdiflcatim, froih the sflver derivative of benz- 
mAanisyl-hydroxylamhm and anisyl chlosid^ * 
^I.Moiifieation [188% Triclinia prisms; 


o:i:c- *808:1: *966; tt«99®46'; ii-U5* 
7-74® 43'. Easily decomposed by HCl of S.Ck 
1*06 ifito anisic acid and benzoyl-aniiyl- 
hy^oxylamine. Alcoholic EOH acts hi like 
manner. ^ 

(iS) -Modification [188®]. Triclinic tables; 
a;6:c -•428;1:1*400; a-108® r ; fi-96* 16'; 
7-89® 26'. Behaves like the (a)-modificatioB 
'when treated with HOI onKOH. 

Cinnaptoyl derivative 
OA.CH:CH.CO.NH.OH. [110®]. Formed, to^ 
ther with the di-oinnamoyl derivative and oin- 
namio aefd^by the action of cinnamoyl chloride 
on hydroxylamine in aqueous solution (^stoski, 
A. 178« 218). Gi^stallme; si. sol. cold, m. sol. 
hot»water f v. soi. t^cohol and ether, insoluble 
in benzene. Ferric chloride colours its sola-* 
tion deep violet.— (C,Hj^4?H:OH.CO.NH.O),HE ; 
very easify decomposaWe Jellow ecrystals.— 
(C^j.CH:CH.CO.NH.D)^a: jellow plates.— 
(G,H,OtNH.O)^a : sparingly soluble vellow crys- 
talline powder whiem, when heateA gives off 
CO, and NH,.-(0,H,O.NHO),Pb : yellowish- 
white pp. ^ 

Di-^innamoyl derivati^ 
(C,H,.CH:CH.CO),N.OH. [162®]. Formed aS 
above. Prisms or lamins; si. sol. %ther, insol. 
water and baryta-wate^. sol. hot alcohol. Its 
salts when otce separafea from the aqueons solu- 
tion are no longer soluble in water. The E salt 
is decompose^ by boiling with water and oon- 
veited lor the most part intq, cinnamate. When 
the compound is heated to incipient carbonisa- 
tion a resin is formed, ffom which 8m|jU quan- 
tities of a crystalline powder 0 „H„N ,04 may be 
extracted. — (0,H,O),NOE: yellow jjbwder. — 
((C,H,0),NO).^Pb ; amorphous yellowisb pp. — 
(C,H,0),NOAg : white pp. 

o^Amido-benzoyl derivative 
NH,.C.H4.C0.NH.0H. [82°]. From anthranil 
K-carboxylio acid and hydroxylamine. Glittering 
plates (from water) (£. von Meyer a. Bellmann, 
/.pr. [2]85,20j. , 

{a)-Naphthoyl derivative 
0„H,.CO.NH.OH. [187°]. From hydroxylamine 
and (al-naphthoyl chloride ^ttrand, J3. 20, 
1353). ^ Glistening scales, soL boiling water, 
almost insol. alcohol.* Its potassium saltdecom- 
, poses very readily with formation of (a)-naphthyl-^ 
amine. < 

jB)-Na^thoy I derivative * 

0,»H,.CO.NH.OH. [168®]. From hydrozylamine 

g mol.) and (fi)-naphthoyl chloride (Ekstrand, 

. 20, 1368). Small dimetrio scal^ v. sol. 
alcohol. ^ 

Dt- («) -naphtho yl derivative 
(0,^0O),N.OH. [IMp. Formed, together 
with the mono-(a)-napbuoyi derivative («. sttpra), 
by the action €f (<ri-naphthoyl dhloride on ]»- 
drolvlamine. NeedUes, soL boiling akohoL Its 
E salt crystaUises in needles, sol. alcohoL 
Di-{fi)-naphthoy I derivative 
(O^^CO)^OH. [171% •Jormed like the we- 
ce&i|^ Small needles. Iranns a emtaiiiM 
potassium salt. ' * 

%fi) • Di-naph thoyl derivaiM 
Jp,ACO),NOft. 

%droxylamine and> (ej-naphthoyl^ 

100®. Needles (from idoohol). 

PhthalyUderivative 
(280% Formed by tho of phthgly^ 
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ftnhjrdrlds on hydroxvl* 
1^0 (C(*n, d. 206, 296; Laoh, B. J6, 1781). 
Ke^ei or plates (from alcohol); ▼. si. sol. 
^ter, ▼. *ol* boiling alcohol, i&sol. ether and 
MnjMne. KOHAq dissoKes it, forming a red 
Bohition. When boile(>with KOH (1 mol.) dis- 
solved m alcohol it is split up intq CO* and o- 
amiao-benzoio acid. When boiled with a larger 
KOH (2 ^o]b.) in alcohol it gives the 
phthaloxyl derivativ0-C,H,;OA--NONa; red 
amorphous powder.— 0«H,:aj0j:N0K : red pp., 
obt^ed by adding causti^ potash {I mol.) to an 
aloohoho solution. Readily decomposed by treat- 


: aark-ied pp. 

Phthaloxyl derivativo 

Formed from the 
by#warming with alcoholic 
KOH. Its seilution is^cid in reaction, and gives 
a violet ^lour ifith PdCl„ but it quickly decom- 
poses with separation of its anhydride, the 
phthalyl derivative. — KC 8 HaN 04 : yellowish 
crystals (frqjp water); v. e. bo>. cold water. — 
PbC^HjNO* : white pp. • 

Alkt^debivaxives of hydroxylaminb. 
Methyl-hydroxylamine H 2 V(OMe). The hy- 
drochloride forms pSMy scales* (148“ uncor.) ; 
does not reduce alkaline solutions of copper. It 
is formed by boiling the methyl ether of the oxim 
of benzoic aldehvde with HCl (F#tracftek, 1^, 
827).— B'APtCl! : orange-red tables or prisms 
(Waldstein). ^ 

Bentoyl derivative BzMeN.OH. [66®]. 
Promdi-benzoyl-methyl-hydroxylamineby warm- 
ing with cone. KOHAq and passing CO., into the 
product (Lessen a Zanni, A. 182, 226). Rect- 
angular tables (from ether-benzene). Decom- 
posed by HCl into hydroxylamine and methyl 
> benzoate. 

Di-beneoyl derivative ^BzMeNOBz. 
[c. •- 15®]. Formed 1^ the action of Mel on an 
ethereal solution of potassium di-benzoyl-hy- 
droKylamine. Oil. 

£th7l«n%«di-hydroxylamine. | 
Di'beneoyl derivative (NBz20)202H4. 
n.48®5. Formed by boiling silver di-benzoyl> 
hydroxylamine with an alcoholic solution of 
e&ylene bromide (Eiseler, A, 175, 34t). Prisms, 
s? soL cold ether and alcohol ; moderately stabls 
towards KOHAq, 

Sthyl-hydrozylamine NH,.OEt or I 
(68®). S.G. ^-1* *888. Formed by d^omposing 
ethyl-benzoyl-ethyl-hydroxylamine With HOI, 
and liberated from its hydrochloride bv cone. 
KOHAq (Lessen a. l^inni, A. 182, 223; HUrke, 
A. 206, 274). Combustible liq|ud, with powerful 
odour ; miscible with water, ucohol, and^ther. 
Alkaline in reaction. Gives a white pp. with 
silver nitrate, and on boiling weduction takes 
plaod with evolntitfi of gas. When added in 
etoess to onpric silphate solution it forqis a deep 
bluejlquid, whence an apple-ureen pp.fl formed 
nn reduction not taking place. JVith 

rives a gulden flyou^nt pp.— B'HCl^ 
J^s; oMained by heating ethyl- ' 
IK^hydroxylamine with HOI In ether. 
HGlAq (S.G. 1*14) at 150® decomposes J 
- ™ EtOl and -B'jJmOL ; 

j V, sol. Water and alcohol^— B HySOi t v. 


e. sol. water and alcohoLa-B'HgCj^O^ : 0<^Sqrle6» ‘ 
powder. 

\JBeneoyl‘ethyl’hydr^xylamin4 
NjGtez.OEt. [65®]. Formed by the action of 
PffI on potassium benzoyl-hydroxylamine (Wald- 
stein,* A. 181, 386) ; the proportions oeing ; 
benzoyl-hydroxylamine (1 mol.), cone, alcoholic 
KOH (2 mole.), and EtI (1 moL); after being 
left for M hours, with frequent agitation, the 
solution is filtered froiA KI, fre5d from alcohol 
by evaporation, dissolved in water, and subjected 
to a stream of COj, and ^e NHBa(OEt) ex- 
fraoted with ether. Ihe same compound is also 
formed by treating ethyl-hydroxylamine with 
benaoyl qhloride (Giirke, A, 206, 278 ; Bertram, 
A. 217,*16) ; and by treating ^nzoic ether with ' 
hydroxyldinine (Tiemann a. Kruger, B. 18, 

Properties. — Triclimc crystals (from aloo- 
bol); a:6;c = -610:l:-852; o»109°3r; fi 
= 86® 82'; 7=100® 31', V. e. sol. ether and 
alcohol; m. sol. water. Soluble in aqueous 
KOH (1 mol.) forming a solution from which it 
is reppd. by COj and by acids, and which gives 
pps. with salts of Ag, Hg, and Pb. Hot cone. 
HQlAq in sealed tubes splits it up into benaoic 
acid and ethyl-hydroxylamine hydrochloride. 
By heating alone to 190° it is converted into 
phenyl c^nate, benzamide, aldehyde, and aloo- 
: hoi. PCI, gives benzoyl-ethoxim chloride 
1 Ph.CCl:N.OEt. (230®).— BzAgN.OBt : white pp. 

I Ethyl-bensoyl-hydrcxylamine 
. EtNBz.OH. 

I (a).Modification [6451. 8.0.1*208. S. 
(ligroin of S.G. ’65) 1*3. Fqpied, together with 
KOBz, by heating (o).di -benzoyl-ethyl-hydroxyl- 
amine with cone. KOHAq. Formed also, to- 
gether with the (iB)-isomelide, by treating bena- 
imido-ethyl ether with cone. hydroxylandSne 
hydrochloride (Lossen, B, 17, 1587). Monoclinic 
tables or pnnns (from benzene-ether) ; a:b:o 
= 1*49:1:1*53 ; iiiclination of optical axes ■> 11^. 
V. sol. alcohol anri ether, m. sol. water. Sol. 
KOHAq, forming solution which ia ppdwby*^ 
metallic salts. On heating with HOl^ it is 
resolved into hydroxylamine and benzoic etl^r. 
Decomposes at 180® benzonitrile, BaOEt, 
alcohol, water, ^d nitrogen, with smaller quan- 
tities of benzamiue, benzoic adl^and OO,- 
(/B).Modifooation [68®]. ^.G.rtSA. 8. 
(ligroin of S.G. *652) 2*21. Formed as a^ve, 

^ and W the action of boiling»KOH (1 pt.)^8- 
EtHN.OH. solved in^ater (1 pt.) u^n (3)-di-benzoyl-ethjl- 


hydroxyiamine (Gfirke, M . 205, 286), and upon 
ethyl-benzoyl-a^syl-hydroxylamine (Pieper, A. 
217,5). Monodlinic crystals ; a:&u}- 1*24:1:1*40;* 
inclination of opficfli aa:es«>72*5® (Tenne, A, 
217, 5). Less Bolnble ih ally^ than the («)- 
modifioat^n. Decomposed byl^Ol, and by cus. 
tillation, into the same products as the m-iio- 
meride. * • • 

Anisyl-ethyl-hydromylamintm 

(OgHfOJEtKOH. [84®]. eHijl-]|ydroYyh 

amine and anisyl ^oride (Pieper, it. £17, 18), 
Monoclinic ^les (from ether). Forma 
JEOH a salt. *Cono. HO^ gives icfd 
ckhfl hydroxylamine. « 

EthyUanisyUhydroxyUsmine 
0,H,0,NH.0Bt. mh Formed^ by 


ahi^l-bensoyl-ethj^-hydrSfzylain^ OOhe 
KOHAq, and ppg. by 00. (Jailer, A. 178, 38$) 

2B2 
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Crystals ; t. e. sol. alo<flbol and ether. Split up 
by HOi into anisio ether and hydroxylamine. 

Di-bengoyl-et^yl’hydroxylamine^ ^ 
Bz^N.OEt. Two, or possibly three, modinoa* 
lions of this compound are formed in the rem« 
lion between silver di-benzoyl-hydroxylamine 
and Etl ; the (a)-variety is formed in the greater 
quantity, and crystallises out first ; only 2 or 
8 p.c. of the (i9)-modification is for 9 iedi>; there is 
perhaps also an oily ^riety (Giirke, A. 205, 
280). 

(a).Modi£ioatyn [68°]. S.G. >ilU-243. 
Trimetric crystals ; a:6:o = *697:1: *591. V. sol. 
ether and alcohol, insol. benzene. Decomposes 
at 180° into benzoic acid, benzonitrile,)^nd4ild6- 
hyde. Cone. K(^LA.q converts it into benzoic 
acid and(a).ethyl-Wizoyl-hydroxylaililne. Cone. 
HClAq ^vea benzoic acid, benzoic ether, and 
hydroxylamine (Eiseler, A. 175, 830). 

(i8).Modifioation [63°]. S.G. 1*23^ 
Formed as above. It is also the chief product 
of the action of BzGl on ^a) or {$) ethyl- benzoyl- 
hydroxylainine. Triclinic crystals ; a:b:c 
-•666:1; *714; «-118° 25'; /3 = 102° 37'; y 
-90° 62'. More soluble in alcohol and ether 
than the (a) -modification ; insol. ligroin. When 
heated it yields the same products as its iso- 
meride, but requires a temperature of 225°. 
Cone. HClAq also acta upon it in the'tsame way 
as upon the (a) -variety. KOHAq acts upon it 
with more difficulty than upon its isomeride, 
and produces (/3)-ethyl.benzoyl-hydroxylamine. 

Benzoyl • ethyl • benzoyl hydroxyl^ 
Cfnine [49°J. l|'rom NBzEtAgO and BzCl 
(liossen, B. 10, 222§) ; or from NBzEtHO, BzCl, 
and KOHAq (Pieper, A, 217, 8). Trimetric 
crystals, a:6:c = '624:l:2‘687. V. sol. alcohol or 
ether, insol. water (^: petroleum. Split up by 
HCl into benzoic acid and hydroxylamine. 

Benzoyl' anisyl-ethyhhy dr oxylamine 
BzN(C^,02).OEt. Formed, in two modifications, 
the a^ion of Etl on silver benzoyl-anisyl- 
hydroxylamine (Eiseler, A. 1>75, 326; Pieper, A, 

‘2i<r,2). 

(a)-Modi£ioation [74°] (P.); [69°] (E.). 
Honoclinio tables (from ether-benzene) ; a:b:c 
— 1*618:1: *666. DeedTragposed by alcoholic KOH 
into potassium anisate and^ (a) -ethyl-ben zoyl- 
hydro^lamiqg [b4°]. HCl forms benzoic ether, 
anisic l^d, and hydroxylamine^. 
^i^)-Modifi9ation. Oil. 
Ethyl-benskoyl-anisyl-hydroxylamine 
EtNBz.OC,H,02. [8'i ]. Formed Ijjjr treating 
3ihyl-benzoyl-hydroxyi^mine with amsyl chlor- 
ide and aqueous KOH (Pieper, A, 217, 4). Mono- 
' clinic crystals (from ether); *748:1; *803. 

With cone. KOHAq it mves (/3)-ethyl-benzoyl- 
hydroxylaminqj[gi8°] afiia potassium anisate. On 
distilUtion it^pves benzonitrile,' anisi; acid, and 
aldqjiyde. . w 

AnisyJ'betfzoyPethyl-hydrox^lamine 
BzN(C^ 702 ). 0 £t. [79°J. Formed, together with 
an oil^ isomeride, by treating silver anisyl- 
benzoyi-hydroxylamine witfc Etl (Eiseler). Tri- 
clinic prisms. Decomposed by J|OH into ethyl- 
anuyl-by^TOxylaminq and EOFz. HCl 
hyomylamine, anisio ether, and benzoic ac^^. 

Benzoyl-ethyl'anizyl'hydroxylamine 
BaNEt.OC,^,0^ [fi4°]. From silver benzoyl 
fthyhhydro^ylamin^and anisyl chloride (Pieper, 
X 217» 10)* Xridmio orystnlf (from ether); 


0 

a:6:c«» *773:1: *855. M. sol. alcohol and etheft 
insol. water and ligroin. Not attacked by a so« 
lotion of 2 pts. of EOH in 8 pis. of water; but a 
solutiin of equal weights of potash and water 
forms potassium anisate and benzoyl-ethyl-hy- 
droxylamine [67°]. Dilate HCl at 100° forms 
benzoic aoi^, anisio acid, and ethyl-hydroxyl- 
amine ; a still motp dilute ^id gives anisio acid 
and benzoyl-ethyl-hydroxylnnine [67°]. On dis- 
tillation it is split up into anisic ether and phenyl 
cyan ate. 

AnieyUethyUbi^zoyl-hydroxylamine 
C,H,OjNEt.OBz. [94°]. From anisyl-etbyl- 
hydroxylamine, BzCl, and the calculated quantity 
of aqueous EOH (Pieper, A. 217, 18). Monoolinio 
crystals (from ether). eSl. sol. alcohol or ether, 
insol.water or light petroleuqi. Hotoono.KOHAq * 
gives anisyhethyl-hydroiyfjplpins [84°] and benz- 
oic acid. HCl at 100° ants similarly, the anisyl- 
etbyl-hydroxylamine beii^ subseqaenlly broken 
up into ahisio acid and etUyl-hydroxylagiine. On 
distillation it is decomposed, but not neatly. 

Phthaly I -ethyl- hydroxylamine 
C,H,:C20,:NOEt. [104°]. (o.270?). From sil- 
ver phthalyl-hydroxylamine and Etl (Cohn, A. 
205, 295). Trimetric needles, sol. ftther and 
petroleum, insol . N a^COjAq. When heated with 
potash it yiel^ls ethyl-a:X.Ido-benzoio acid. It 
resembles the nitrolio acids in giving a red 
colouration with alkalis, 
r Ifethyl-etltyl-hydroxylamine. 

Methyl-ethyl-benzoyUftydroxylamine 
MeNEt.OBz. Prepared by the action of Etl on 
methyl- benzoyl -hydroxylamine dissolved' in al- 
coholic EOH. Oil, with pleasant odour. De- 
composed by dilute HCl into methyl beiii^soate 
and etbyl-hydroxylamine. 

Benzoyl-methyUethyl-hydroxylamim 
BzNMe.OEt. From silver benzoyl-ethyl-hydroxyl- 
amine (1 mol.) and Mel (1 mol.) in ether (Wald- . 
stein, A. 18t 393). Oil ; miscible with ^cohol 
and ether. Decomposed by hot dilute HCL 

Ethyl-benzoyl-methvl-hydroxylamine 
EtNBzOMe. Formed by the action of Mel on 
(a)-ethyL|benzoyl-hydroxylamine dissolved in 
alcoholic EOH. Oil. Decomposed by HCl into 
methyl-hydroxylamine' and benzoic ether.® 

Di-et^l-hydroxylamine NEt,.OH or 
NEtH.Ofit. Formed, together with hydroxyl- 
amine, by reducing nitric ether with tin andhCl 
(Lossen, A. SuppL 6, 288). Its hydrochloride 
remains in the mother-liquor, from which hy- 
droxylamij>e hydrochloride has crystallised. The 
free base, separated from its salts by EOH 
and extracted by ether, ii a strongly alkaline 
syrup, V. sol. water, not e4l^j)y volatile with steam. 
Its aqueous solution forms with FeOl, chrome- 
aluzj^ cobalt nitrate, and lead nitrate, pps. in- 
soluble in excesfi and ^th CuSO^ % blniw-white 
pp., dis8olvin§'m excess to a viol^brown eola- 
tion. It reduces silver oxi4p on heating. It also 
reduces boiling aqueous HgOL. 

Balts.— B'HOl : syrup.— B',H^Pt01,: orange- 
rede^rystals (from alcohol).— B',^0^: minate 
laminie ; ppd. e^fr fronfits solution in aloo- 
hoL— B'jHU’Of : pnmM tfrom watef^ or be- 
like needles (from aloohol).— B'H, 0 « 04 t stellate 
groups of prisms (from water) or minute needlee 
(from boiling alcohol).— : prisms 
water); insol. aloohoL * 
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B$ntoyt dtrivative Et,NOBz * or 
EtNBa.OEt. (244® i.V.). S.G. 111-026. Formed 
by the action of EtI on ethyl-benzoyUbydroxyl- 
amino dissolved in alcoholic EOH. Yellowish 
aromatic oil ; v. sol. alcohol and Uher. IWholved 
heating with HCl^ \nto benzoic ether and 
ethyl-hydroxylamine. ^ 

Tri-ethyl-hydroxylamine NEt/OEt. S.G. 

■ *8936. Formed ||y mixing ZnEtj with nitrt)- 
ethane and ether in an atmosphere of CO.^, arlfl 
after a fortnight decomposing the* product with 
water (Bevad, J. B. 20, 126). Oil; v. si. sol. 
water, miscible with alcohol, ether, hnd benzene. 
Its salts are very hygroscopic, and reduce silver, 
cupric, and mercuric salts.^-B'jHjCaO*. 
Benzyl-hydroxylamine , •* 

(a) - modification ^Hj.OCH^h. Formed 
by warming the b^zvl derivative of the oxim 
of acet^e witlf aqueous HCl; thui: 

MeaC:NOC,H, + OH^ Me,CO + H^NOC^H, 
(Janny, B. ft, 176). ]^rmed also in li]ce manner 
by treating the (o)-benzyl derivative of benz- 
aldoxim ((a).benzylidene-benzyl-hydroxylamine) 
with cone. HClAq (Beckmann, B. 22, 616). 
Hydrochloride B'HCl. Sort, silvery plates, 
si. sol. water, v. si. sol. cold, v. sol. hSt, alcohol. 
Acid intreaction. Sublimes between 230® and 
260® without previous fusiqp. Readily con- 
denses with benzoio^ldehyde. foiling HI con- 
verts it into iodo-benzene and NHj. Ureide 
NH.,.CO.NH.OC,H;. [139°] (Behrend a. Leuchs. 
B. 22, 385). *1 • • • 

(/3)-modific^tion C,H,.NH.OH. [68°h Ob- 
tained from the (/3) -benzyl ether of benzalaoxim 
by tiffi action of cone. HClAq at a high tempera- 
ture ^Beckmann, B. 22, 614). Formed also by 
beaming (i8)-di.benzyl-hydroxylamine with cone. 
HClAq at 130° (Behrend a. Leuchs, B. 22, 616). 
Needles (from petroleurn-ethcr).— B'HCl [110°]. 
Broad needles, v. sol. cold alcohol, v. e. sol. 
water. Reduces Fehling’s solution in the cold. 

Di-benayl-hydroxylamine (CgH 5 .CHi) 2 N.OH 
[123°] uncor. Pre^red by nesting for two 
hours on the water-bath a solution of 30 g. 
hj^roxylamine hydrochloride, 60 g. NajCO , lOaq 
and 30 g. l^izyl chloride in water and sufficient 
alcohol to just dissolve the benzyl clloride ; on 
cooling the product crystallises out (yield : 14 g.) 
(Schramm, B. 16, 2184 ; Walder, B. 19, 1626). 
It is perhaps accompanied by a nmre strongly 
basic isomeride (Behrend, B. 22, 385). Long 
white needles. V. sol. alcohol, ether, benzene, 
si. sol. ligroin, CSj, HOAc, and hot water. Dis- 
solves in HCl but not in NaOH or NH,. Not 
decomposed by cone. HClAq at 13#°. By long 
boiling with acetic acid saturated with HCl it is 
split up into benz^ehyde and benzyUmine; 
acetyl chloride has me same effect. Boiled with 
alcoholic benzyl * chloride i# yields tri-benzyl- 
hydroxylamine (Ph.CH^)iN.OOH 2 .Ph. By the 
action of PCI, and treatmei^ with water di- 
bcnzyl-amine is formed, the ifaction probably 

j.N.OH + rtn, - (C,H,).,N.O.Pa, + HCI and 

(C H )!n.O.PC1.+3HiO 

- «(o,H,),NH + PO.H,-(«HCl. 

M«I md NaOEt 

which aonears to be the hydnddide of thf an- 
hXWA)«N-0-N(C,H,).. Heated witii ethyl 
ifl^de and Jooholio sodium ethylate it givea 


which forms felted crystals [84®]. Plro- 
pyl iodide and a solutifti of sodium in propyl 
l^lcohol give benzyl-amine, propyl ether, and 
|\viiall quantity of benzjpl-benzoate. With a 
V|ry dilute colourless solution of Fe^Cl, it gives 
a yel^pw colour on standing. By the action of 
nitrous acid without cooling, di-benzyl-nitros- 
amine is formed; when kept cold the product 
is the nitrous ether ( 0 „HyCH 2 ). 2 N.O.NO : 
[84°] which •crystallise^ from dilute alcohol in 
flat white needles ; v. sol. alcohol and ether, si. 
sol. ligroin, insol. water (Walder, B. 19, 3287). 

^ Salts.— B'HCl : pearl^plates. — B'jHjPtCl,: 
sparingly soluble brownish - red crystals. — 
B'HCl, HgOl,: white plates, sol. warm alcohol, 
nearly ^iwBpl. water. — P i c r a t e»B'CjH 2 (N 02 ),OH ; « 
[161° corj; glistening yellow plates, v. sol. 
alcohol and ether, insol. water (Walder, B. 20, 
1761). • 

Anhydride? |(C,H,)2N|20. The hydw^ 
iodide (B"HI) [148°], erroneously called * tetra- 
benzyl-oxy-ammonium iodide,’ is formed by 
heating di-benzyl-hydroxylamine with methyl 
iodide ; from this salt the base is obtained by 
the action of Agp. Strongly alkaline colourless, 
very deliquescent crystals. V. e. sol. water, si. 
sod. ether. Distils at a high temperature. — 
B"H 2 Cl 2 : pearly prisms, m. sol. water, insoL 
ether. — B"HI : see above. — B"H2l,: [27®]; 
white crystals.— B '(HN 05 ) 2 : [169°]; white flat 
needles, si. sol. water.— B"H 2 S 04 ; [162®] ; soluble 
prisms.— B"H 2 Cl 2 PtCl 4 : [162°]; small yellow 
needles, si. sol. hot water, insol. cold water 
(Walder, B. 19, 3289). 

Acetyl derivative (®,H,) 2 N.OAo. [173°]. 
From di-benzyl-hydroxyl^ine (1 mol!) and 
AcCl {1 mol.). Feathery crystals (from dilate 
alcohol) ; m. sol. water, v. sol. alcohol. 

Benzoyl derivative (C;H,) 2 NOBz. g?®]. 
Fiom di-benzyl-hydroxylamine and BzCl (feeh- 
rend a. Leuchs, B. 22, 385). Needles (from 
alcohol). Converted by boiling alcoholic KOH 
into di-benzyl-hydroxylamine and benzoic a<rtd. 

()3)-modifica4ion C^iHj.CHjNH.O.CH^O^.. 
An oil, which accoiipanies the preceding. f9oD0. 
HClAq at 130° splits^it up into benzyl chloride 
and tho (/3)*modification of benzyl-hydroxyl- 
amine (Benrend a. Lepens, B, 22, 616). 

Tri-benzyl-b^roxylamine 
(CJI».CH,) 2 N.O.CH 2 .CeHj. [flji®]. f ^ed by 
boiling di-beiftyl-hydroxylamine for%!Toifg time 
with an alcoholic solution of benzyl ch^ride 
(Walder). Behrend and Leuchs (B. 22, 613) 
could oaly obtain by mis method an oily tri- 
benzyl-hydroxylaraine df basic character, mixed 
with an indifferent, probably isomeric, oiL 
Short white *prisms, v. sol. alcohol and ethef, 
insol. water. * 

Salts.— B^HCl : [t72®]^* white orygtal8| 
si. sol. water, insol. ether. — ; [o, 

150°]; small reddish^ellow oryptala, si. soL 
alcoho]fe(Walder, B. 17, 16^ ; cf. Behrend, B. 
22, 385). • 

Tri-bonzyl-bydroxylamine « 

(C«H,.CH 2 ) 2 N. 0 .C*£,C,H,. Formed, together with 
di-benzyl-h^oxylamine, by the action of an 
alcoliolio solution of benzyl ohloridl (8 m(^) cm 
bbnzyl-hydroxylamine hydrochloride m pmene# 
of Na 2 GO,. Dilate HdAq dissolves ihii« di* 
bsnzyl-hydroxylamine, Ipit not the tri-bem^ 
hydroxylamino, since the hydroqliloxide of wii 
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is decomposed by water. The tri-benzyl 
ffivatiYe is then extroKed with ether (Behrend 


Leaohs, B. 22 , 614). Oil. With oono. HOIA^ ether; m.^ol. boiling benzene. FeOl, and other 

‘ * re-oonvert it into 

turns its solutions 

Drown. It reduces bofling ouprio acetate solu* 
tion with ppn. of OdSO. It reduces silver 


160^ it gives di-be^zyl-hydroxylamine [12^^ jH oxidising agents readily 
Salts.— B'HCl: [^®]; needles.— B'^J?tOL: o-xyloquinone. * Ammonia 
57°]; prisms, v. si. sol. cold alcobfti 11—— t* — 


platls (from water). May be sublimed i 81. 
sol. cold, m. sol. hot water ; t. sol. alcohol and 


iorate: [132°]; v. si. sol. water. 

Tri.nitro.phenyl.hydrozylaiulne 
ft(NOJ,NH.OH. [100°]. Formed by the 
jtion of picric ether ^^(NOJsOEt* on hy- 
roxylamiue (Michael a.^Browne, J. pr. [ 2 ] 35, 

18). Silky needles. Its solution is turned 
rown by the least trace of ammonia. 

Heza.nitro>di-phenyl.hydrozylamine 
CI^(NOJg},NOH. I)i-pj^l--hydroxylarnine» 

170°]. Formed . by adding picryl^ '‘chloride 
iHf^OJtCl in alcoholic solution to an tJqueous 
>lation of hydroxylamine (M. a. B.f. Yellow 
rystals, which may be sublimed. « 

Bensylidene-bydrozylamine C^Hj.CH:NOH is 
escribed as Benzaldoxim, v. vol. i. p. 447. A.c^ 
srding to very recent researches of Beckmann 
B. 22, 432), when HGl is passed into an ethe- 
sal solution of benzaldoxim there is obtained an 
lomeride. This ( 0 ) -benzaldoxim yields the same 
roducts on treatment with HCl as the ordinary 
r (a) -benzaldoxim, and both their ethyl ethers 
re oily and are split up by HOI into EtCl, 

IH 4 CI, and benzoic acid. The benzyl ethers 
f the two oxims, however, are diffcrenTl 
(a)-Benzylidene-benzyl>hydrozylainine 
'^ 4 .CH:N 0 C;H,. Formed, at ordinary tem- 
(eratures, by the action of benzyl chloride on an 
Icoholic solution of (a) -benzaldoxim. Oil. In- 
ch water, sol. alcohol, and ether. Split up by j at 130°, glycocoll being also formed, whilff COj, 
ICl into benzyl chloride, benzoic acid, an<l 1 is given off (Schultzen a. Filehne, B. 1, 1501.— 
IHfCl; but under certain conditions it yields j 6 . By treating di-bromo-barbiturio acid wip a 

1 ^,.1 I > rrr no.. ......... J ion iao\ 


)mng c 

with ppn. of OtIJO. 
nitrate. t, > 

Di-sthyl et)mr [106°]; 

glittering plates (from alcohol) (Staedel a. H5li, 
B. 18, 2919). * 

HYDBUVIC ACID o. Ptbuvxo xom. 

HYDUEHLIC M. 

ForrA%tioi\.-~h Itiscovered by Sohlieper (if. 
66 , liy among the products of the action of 
dilute nitric acid on urio q^d, being found on 
one occasioQ^ in the motn^iqilor from which 
alloxan had crystallist^. He was, however, 
unable to^repeat the experfment.— -Sf! By heating 
dialuric acid with glycerin (which acts merely as 
a solvent) at 160°, the products being acid am- 
monium, hydurilate, formic acid, and COj, thus : 

SC^H^N A - 2C,H,(NH,)N A -i- H^O, -h SCO, 
(Baeyer, 1. 127, 11).— 8 . By heating air-dried 
alloxan at 170°, the products being ^ydurilio 
acid, formic acid, /CO„ ammonia, and CO (Mur- 
doch a. Doebn^, B. 9, 1IK92). The same pro- 
ducts are obtained by heating air-dried alloxantin 
for three or four hours in a sealed tube at 170°. 
4.,Anw)ng the gfrOducts obtained by passing H,S 
for several hours through a b(Jiling solution of 
alloxantin.— 6 . By heating uric acid with 


Muszoio aldehyde and (a)-benzyl-hydroxyl- 

unine. t 

( 8 )’B 6 nzylidene-benzyl-hydroxylamine 

3A-CH:N0CA or CA CH<^^>. [82°]. 
?olined by the action of benzyl chloride upon 
B}>benzaldoxim dissolved in alcohol containing 
NaOfit. Formed also from yi) -benzyl -hydroxyl- 
imine and benzoic aldehvde. Slender needles 
(btom ether). It forms aT crystalline hydro- 
shloride [148°]. On^raatment with HCl it 
fields benzoic al^hyde and (j3)-j^nzyl-by(lroxy]- 
•nine. • « * 

Otlwr^teriraaTes of bydrozyBuniue are de- 
nrib^as* oxims qf aldehydes, ketones, and ke- 
lome compounds generally, and as nitroso-, 
iStmitroso-, or ozimido- ft}mpouDd 8 . • 

HXXA.HTBB0-XTL811E v. Xtlsni bxxa- 


HTDXO-o-XTIOairniOHX * 

0«E^e,(0H),[l:2:8:6]. [2|21°]. Formed by re- 
doeing o-xyl^ukjOPe witn SO, (Xj}lting a. Forel, 
B. 18, 2673). ^arates from water iB crusts. 
Paztiall]^ deco^po^ on melling. 

Hy^-fn-zylogtHnoii# • 

C|A><«i(<^)>[^: 3:2:6]. [161°]. Obtained by 
fMadng fi-zyloquinone (Ndlting a. Th. Bau- 
tnaim, B. i6, 1161). 

Bydro-|>-zyloqni]ume OA^o,(OH),[l:4:2:6]. 
Bydi^hloroAe, [212°] ,(N.) ; [20^] (Carstan- 
|en, /. pr, [9] 23, 421). ^Obtained by ^ssis^ 
80t <|nto a saturated aqueous solution of 
S'lmMmnone (phloronc) (Von Bad, A. 161, 
154; Kietzki,(,B. 13, 472). Colourless pearly 


small quanti^ of HI (Baeyer, A. 130, 133^. 

Preparation. -^ pts. of perfectly dry dialorio 
acid are mixed in a capacious flask with 6 pts. 
of glycerin, and heated in an oil-bath to 140°~ 
150°. A brisk and regular evolution of carbonic 
anhydride theli takes place, and as soon as this 
ceases, and the contents m the flask have be> 
como solid, the temperature is raised for a shpri 
time to 160°, and the glycerin, aftef» cooling, is 
removed b^- washing. A yellowish-wnite granular 
powder is then left, conw'sting of acid hydurilate 
of ammonium. To obtain the free acid the crude 
ammoniun^salt is dissolved in boiling water, 
ammonia is added in slight excess, and solutioo 
of cupric sulphate is added to the filtrate. The 
liquid then assumes a dark-green colour, and, il 
hot, deposits on cooling r^ warty crystals ol 
neutral hydrrilate of copper. This salt is thaz 
decomposed by hot bydroohlorio acid, and the 
bydorib'e acid which orystelliBes out is wasbec 
with dilute hydrochloric aOfi and dried over thi 
water-bath. t * * 

Pr»erfi«s.— Crystalljsea from water in smal 
four-sided prisms/oontaming 2 aq). di^rom a ho 


concentrated soHttion in HCUAq, or from an am 
moniacal solntion by ppn. by HQl, it separates a 
a crystalline powder compose^of small tablet 
(containing aq). Y. si. sol. cold, m. soU hot 
water fv. si. sol. alcohol. Dissolves ift cone 
AjSO,, and is reppd. a^teia^on adding watei 
Scareely soL aqfleous HCl ^bt attacked by re 
duoing agents. Not attacked by aqueous alkalis 
Sfelting potash slowly forms ozalie add. Qiv s 
a d^rk -green colour with FeCI,. Tliis edeor I 
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jjlio glten By its lolnble saltf, but is destroyed 
by strong acids and idkalis ; heat also destroys 
it, changing it to red. % 

-RfflcWons.— 1. When heat^ with ferrie 
chlori^ it yields oxy-lyrdnrilio aoidf cha- 
racterised by producing^a blood-red colour with 
ferric salts.— 2, HOI mixed with KOlOg forms 
dj-chloro-hydurilichcid — 8. Puminf nitric ocwf 
gives only alloun ;%iitrio aoW of S.G. 1*4 give| 
alloxan, violurio acid (nitroso-barbiturio acid), 
'nolantin, and diliturio acid, the last named 
being the ultimate product when heat is em- 
ployed. ♦ ^ • 

Salts.— Hydurilio acid is dibasic. It is a 
strong acid, and can decompose metallip chlor- 
ides, expelling HOI and forming aeid It 

dissolves readily in aqueous ^alis, and the 
solutions give p^s. vfitla metallic salts ; the pps, 
are, hovftver, hold sftts.-^ The neutral salts must 
be prepared /rom the^ftee acid. HOI added to 
solutions of sal^ of hjjiurilio acid ppts. the acid 
as a chalk-white amorphous powder, which, 
when placed in hot water or hot HClAq, becomes 
crystalline. — NH^HA" : small ocjahedra (by ppn. 
of an ammoBiacal solution by acetic ^cid). M. 
sol. boiling water, separating as granules and 
crusts oif cooling.— (NHJjA^aq: needles, sepa- 
rating on rapidly coding a het saturated eolu- 
tion. Obtained in ^ same foftn by ppn. with 
ammonium sulphide, in which it is insoluble.— 
(NH 4 )jA'' 2 aq : large shining mjnoclinio efflores- 
“ent prisma, obtsiined by slow e^apcftatioci ; m. 
ol. water, v. sol. aqueous NHj, but reppg. by 
doo^.—Na^A" 4aq: small prisms; obtained 
»y diB|olving*the acid in NaOHAq, acidulating 
vith acetic acid, and ppg. with alcohol.— 
BaAl^ aq ; amorphous pp., soon becoming crys- 
talline, got by adding a hot solution of hydurilio 
acid to barium acetate.— CaHjA", 8aq : small 
shining prisms, which separate when hydurilic 
acid is added to a solution of CaCl^ — CaA^^ daq : 
amorphous pp., soon becoming qi^talline, ob- 
taified by decomposii^g calcium acetate by hydu- 
rilio acid.— OuHjA" 8aq. Obtained by mixing 
thi acid with cupric acetate or with cupric sul- 
phate. Sd^wrates from concentrated solutions 
in green needles, from more dilute solutions in 
yelled? prisms. When*heated the anhydrous 
salt is left as a red powder, which may alsojbe 
obtained by ppn. from hot solutions. w-CuA'^ 4aq. 
(Obtained by adding the acid to excess of cupric 
acetate, or by mixing the neutral ammoniunq 
salt with cupric sulphate. From cold solutions 
it is ppd. in short red needles of the hydrated 
salt; from warm concentrated solutions as a 
brownish-red pp. of the anhydrous salt. — 
ZnH 2 A" 3 ; feathery^oups of lustrous needles, 
which sepaagte wB^ a so^tion of ZnOl, is 
mixed with hydurilio acid.— ZnA" 2aq: white 
amorphous T>p., soon beeoming orystallin#. 

]n-ohlon-Bydurilio acid O^H^GljN.Of. Pre- 
pared by adding KGIO, in small portions to a 
pasty mixture fr hydurilio in oono. HOlAq. 
Snow-white powder ; v. si. sol. water. Purified 
by dissolving in H,S 04 and reppg. by water, 
when R separatef as sm^ trimetrlo oTystaU 
(oontab^g 2aq)..'tWar& mt(io acid slpwfy 
Averts it into diliturio aeid.— 
six-sided tables (from water) : si. sol. cold water. 

BTOBIVB. a volatile alkaloid said to aocoxzB 
^y ooeaXne la eooa leaves (Wfihler a. Logseuif A. 


131 , 874 ). Theleavesare^aostedwflh distilled 
water at 70^, the extract ft;>d. with lead acetate, 
freed from lead by ppn. with aqueous Na-SO,, 
nbdered slightly alkaline fry Na,00„ and ex* 
tr^ted with ether. The ether extracts cocaine, 
and the residual solution be now rendered 
strox^ly alkaline by NsjCO,, ether will extract 
hygrine together with a neutral oiL These 
may be partially separated by distillation in a 
current ol hydrogen, 1j{ie greater part passu^ 
over below 140° (Lessen). Tmok yellow oil, 
with strong alkaln^ reaction, bnming taste, and 
qharaoteristic smell resemblifig tri-methylamine. 
Fumes with HGL Slightly volatile with steam. 
M. sol. water, sol. alcohol and ether. Its aqueous 
solutloq ^ves a white pp. wHh SnOl^, and a 
light blue mp. with GuSOf, nefr reduced on boil- 
ing. It also ppts. HgGl, and AgNO,. It forms 
a deliquesceat hydrochloride, the aqueous solu- 
tion of which gives a brown pp. with iodine in 
U; a white pp. with HgOl,; yellowish flakes 
with PtGl, ; a yellow powder with piorio acid ; 
and a white pp. with tannin. The platino- 
chloride is decomposed by boiling water (0. do 
Coninck, Bl. [2] 46, 131). The above are the 
prOTerties of the hygrine described by Lessen, 
wHb states that it is not poisonous. Stockman 
{Ph. [3] 18, 701) found in dried coca leaves a 
very miimte amount of an oily alkaloid with 
burning taste and strong odour, which, however, 
was very poisonous. W. C. Howard {Ph. [3J 18, 
71) obtained, by addi^ PtCl^ to a solution of 
crude ooo£^e, a semi-crystalline pp. insoluble 
in water at 80° ; this platinoohloride contained 
18*5 p.o. Ft and yielded m base that gave no 
orystallisable chloride, did net smell of trimethyl- 
amine, and had a bi^r taste. Hesse (Pifmm. 
Zeit. 1887, 669) came to the oonolusion that 
hygrine was tri-methyl-qilbioline, but he worked 
with only a few grammes of the subshE&oe. 
According to Liebermann (B. 22, 675) the so- 
called hygrine is a mixture of oxygenated bases. 
He found that crude hygrine, a very dark li^d 
smelling like piperidine and nicotine, was 
strongly alkaline, ewd almost entirely soluflie in 
water. After dissolvmg in ether, dr^^g with 
sticks of KOH, and nra^^onally distilUng under 
50 mm. pressure, two ^mourless liquids are ob- 
tained, boiling under 50 mm.jDressure at 128°- 
131° and 215° respectively, an<UbavingJhe oon- 
stitution O^i^O and •, • 

Base G,H„NO. (o. 130° at 60 mm.) ; il94° 
cor. at 760 ram.). S.(^ ^ «40. V.D. (Httl) 
68. This base, which is isomeric with tropine, 
may be distilled in a^ourrent of nitrogen, — 
B'0,H3(NO,),PH; [148°]; yeUow needles, m. id. 
cold water. • 


Base C,.H34N,0.e (?15° at 60 mm.). 8.0. 
II *982. Decomposed by distiUdion under atmo* 
spheric pressure. — Salts.— (^ed al 
100°) : white orysttllinf poYder.-irB^^BUto<C8a : 
egg-ye»>w pp. — B"(C{H,(NO,),OH),: CtysA 
(from boilixig water)^; v. sL sol. ooit water. — 
Afethylo-iodide B'^Me^Ii; white nrystaUinc 
powder. 

HYlCSKj^OlOTTOinKS Analka. 

loid contained in the hark of l^menodictyoii 
tS^Uwn from whidh it may Be obtdiwd W 
mixing with lime and extracting with 
form (Naylor, Ph. [8] JLS, 817 ;a5, 19(0* Bt 
extremely slow evaporation of its etheiBai iolu* 



• ^ 

m aYBIENODIOTYONINE. 


tton il may be obtained in a Ofyetalline form, 
bat otherwise it is m amorphous deliquescent 
mass. Its solutions are alkaline in reaoti^ 
have a persistent hitter taste, and are optiesHy 
inaotiye. Its hydrochloride gives ppa. with^ho 
nsual alkaloidal reagents. Gone. H^SCh gives 
a lemon-yellow colour changing t6 wino-red wiili 
bronsy lustre. — ^B"H,Pt01«: yellow amorphous 
powder.— 

Ethyloioiidt B'^t,!,: rosette/of needles 
(from alcohol). 

HTOOAFrElNE o. OirrsiNB. 

SnroCROLlC AIPIO CkH 40O4. An acid oh* 
tained toother with glyoocoll, by boiling hyo- 
glyoooholic acid with aqueous KOH (Strocker, 
2. 70, 191). CKanules (from ether).' jSoktoely 
sol. water, v. sok alcohol and ether^ The solu- 
tion of its ammonium salts is ppd. by solutions 
of metallic salts.— BaA', (dried 180°). SI. 
sol. water, sol. alcohol. 

^-Hyocholio acid An acid obtained 

in like manner from (j8)-hyoglycocholio acid 
(Jolin,H. 13, 205).* It differs from the preceding 
chiefly in requiring a larger amount of Na3S04 
or NaCl to ppt. its sodium salt from aqueous 
solution. 

HYODYSLYSIH CjjHjgOj. An amorplfous 
substance, homologous with dyslysin, produced 
by the continued action of boiling hydrochloric 
acid on hyoglycocholio acid (Strecker, A. 70, 189). 
Insol. water, KOHAq, and aqueous NHj, si. sol. 
boiling alcohol, m« sol. ether. 

HYOOLYCOCHOLIC ACID C,^NOj. Occurs 
as sodium salt, together with a smaller quantity 
of hyotaurocholio wsid, in pigs’ bile (Streaker a. 
Qondelach, A. 62, 205). * 

Preparaiicn.—'Btezh. pigs’ bile is completely 
satura^ with NajSOg; the mixture is heated 
for some hours, and^chen left to cool. The re- 
soiling pp. is washed with a cone, solution of 


8. foiling cone. HOlAq fotms byo^lyaln Md 
glyoocoll. Boiling aqueous potash acts in like 
manner.*^ 

Salt Ppd. by adding ammoniom 

ohloAde, carbonate, ^r sulphide, to fresh pig’s 
bile, or to a solution o^he sodium salt. Orys- 
talline powder; t. sol. water, v. si. soL cone, 
solutions (A ammonium saKs. Decomposed by 
^boiling with watdlf. — NaA'daq: white non-deli- 
quescent ponder. Its aloonolic solution yields, 
on evaporation, a transparent varnish. It has a 
persistent bitter taste. — EA'^: white amor* 
phous msA ; ppd. by adding KCl to a solution 
of the Na salt. Melts under water or alcohol, 
but wheir quite dr^ it does not melt, even at 
120°.5-BaA't2aq: sl.^ol. water, v. sol. alcohol, 
— CaA'2 2aq. — AgA': gelatinous pp. which be- I 
comes flocoulent on boiling 

(i8)-Hyoplycooholio aoitf d,,H4,K% ? Re- 
mains in the mother-u^or whe^ the ordinary 
or (o)-hyoglycooholate off sodirgn is pod. by ice- 
cold saturated Na^804 (Jolin, H, Ilf 417; 12, 
612 ; 13, 206). When this mother-liquor is eva- 
porated sodipm fl-hyoglyoocholate sepa- 
rates in (]ark brown oily drops, wMoh solidify to 
a sticky mass. This is washed with ether, and 
then presents a white curdy appeardbee. It is 
V. sol. alcohol and watei^The free acid and its 
salts greatly ff.semble f1!leir (a)-iBomeride8, but 
the salts of the (0)-aoid melt, as a rule, more 
easily, and hav^ a less bitter taste. (/3)-hyoglyoo- 
oholio acM gires Pettenkofeiiii’s reaction. The 
(a)-f.oid is ppd. by dilute acids more readily than 
the (i8)-aoid. The alkaline salts of the ^)-acid 
are more soluble in water than those of tne (a)- 
acid. The Ba, Ca, and Mg salts of the Ci)-aoid 
differ from those of the (a) -acid in dissolving in 
excess of the sodium salt. The sodium salt of 
the (/9)-a cid is dextrorotatory . 

KYOSCIEE. This name was first used to 


NOgSOg, dried at 110°, and treated with absolute I denote the base, subsequently proved to be tro- * 
al^hoL The alcoholic solution of sodium hyo- pine, obtain^ by sapo^ying hyoscyamine. It 
glycocholate is decolourised with animal charcoal, | was then given to a bgse that aocompitoies 
imd the salt ppd. by ether. •The aqueous solu- hyoscyamine (g. i? .). 

'tiofTof the so^um salt iv*ppd. by H3SO4, and HY08CIHIC AUID U identical with Tsbric 
the pp. dissolved in alcqhol and thrown down xom. •• 

■gain with water. Tb| acid separates in trans- HYOI^vYAMINS DyMsins. 

parent drops. « Daturine, [109°]. An isomeride ot atropine 

AooordCug to }olin (H. Il,dl7) hyoglycocho- occurring in henbane {Hyoscyamus nigsr) and 
Ho aci^& acci^paniM by a smaller quantity mother species of Hjgoscj/amus (Geiger a. Hesse, 
of a tflj-iitomeride, the sodium Alt of which is A. 7, 270 ; H6hn a. Keichardt, A. 167, 98). "It 
leaiL readily ppd. by Ka2S04. A solution of , occurs both in the seeds and in the juice of these 
NasSOf 8atarate<k at D° ppts. Strecker’s acid plants, and is accompanied by hyoscine (Laden- 
only- * burg. A, 206, 282). It accompanies atfopine in 

JVtiperfiM.— Whitc^resin, si. sol. water, im- the seeds *0! the deadly nightshade {Atropa 
parting an acid reaction; v. sol.^ alcohol, insol. Belladonna ) ; indeed Ladenburg (B. 21, 3065) is 
*eiber. It melts under hot water, and then has a of opinion that atropine ml an optically inactive 
ailky appeanmee. Dispolves readily in alkalis base standing to hyoscyanllue in ibe relation of 
and alkaline ^i^bonates. eDextrorotatory, racemic acid to nsvotutario aoi^ !l^om 20 g. 

the aedium salt is optically inactive of commercially pure atropine anroohloriae 
(Hoppe, 0. 1859, 66j. Ik differs from glyco- Ladenburg isolated by reorystalliAtion 1 g. of 

ehofle acid by its i^ring solubility in W&ter, and hyosoyaniine aurochloride, and to this he attri- 
Iw forming p^s. insol. water with baryta and botes the statement that al^pine can be con- 
hme. Assolntion of its sodium salt is ppd. by verted into hyoscyamine. Hyoscyamine oconrs, 
metaUie salts, even by NaCff, ECl, and NH4GI. mixed with atropine, hi the se^ of Datuira 
It g^ Pettenkofer’s test for bilea JStrakonium (Peso!, (7. 12, 8^^ LadenbiAg, (7. B. 

Dilute suJpJvurtc acid has no 90, 874 ; £. Sq^ftidlt A. 2i», 196), uid in Hia 
aotloa ; eonc. H^^Iaotens it with evolution leaVes and twigs of Dttboisia myoporoidss (F. v, 
of 0O«.-~2. Cone. HKO, gives off nitrons fumes, Mflller a.Bummel, 0./.85,82; Geimd/PkJD] 8» 
andlMvet a«yellowisb mass, chiefly consisting ^87; Ladenburg a. Petersen, B. 20, 1661). H^yo#- 
bf oialia acid and eholesteric acid cyamine mixed wiHi hyosciise oqsim in the tool 
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of Scopolia japomca ; hyosoyamine also occurs, 
la the root of SoopoUa Hlardnackidna (E. 
Bohmidt a. Hensohke, Ar. Ph. [3] 26,^86, 214). 

Preparation. — Henbane seeda are extracted 
with boili^ alcohol (92p.o.) acidulatea with 
tartaric acid, and when the alcohol is distilled 
off the residue senarates into twoUyers. The 
upper layer is a giraen oil, which it^aken wi 
dilute HjSO^, and ^e acid liquid, after nearly 
neutralising with KgCO,, is filtered and evapo- 
rated to a syrup. When alcohol is added to this 
s^p E,S04 separates, ^d the a|poholio solu- 
tion must be freed from alcohol by distillation, 
mixed with a little water, and shaken with 
K,COa and chloroform. 4?he alkalb\d is ex- 
tracted from the chlor|form by ^ute J93SO4, 
and the acid solu^n, decolourised by animal 
charcoal, emparaM,%nd allowed to stand in 
contact^witn Ga(^,. • The liquiR is finally 
mixed with* sand, evaporated over H^SO^, and 
the alka^id extiacted\^y chloroform, ffbm which i 
it orystaUiBes in long prisms (Duquesnel, /. PK ’ 
[6] 6, 131). 

Properties. — Needles (from dilute alcohol), or 
prisms (from CHOI,). More soluble in water 
and dilute alcohol than atropine. Lrovorotatory : 
[o]d = -al^. It enlarges the pupil of the eye in 
the same way as ataofiine. It will not sublime 
(Blyth). • 

Reactions.— 1. Converted into atropine by 
heating for 6 or 6 hours above melting-point 
(E. Schmidt, BJilt 1829). The*optical activfty 
of hyosoyamine may likewise be diminishad by 
allowing its alcoholic solution to stand in the 
cold %fter a Aight addition of one of the follow- 
ing bases: NaOH, EOH, NH„ NMcjH, and 
NMe^OH (Will, B. 21, 1717; Will a. Brcdig, B. 
21,2777). The optical activity cannot be re- 
duced below [a]^ «» — 1*89° by this method, so 
that if Ladenburg is correct in holding atropine 
to be optically inactive, the conversion of hyos- 
cy^ine ipto atropine is incomplete. — 2. Split 
UD oy boiling dilate SOI into the same products 
I atropine, viz. : tropine and tropic acid 
j&denburff, B. 13, 607). Baryta-water gives the 
me products. $ 

Salts. -B'HAuOl^: [159^ (K); [162°] 
Vifl); golden leaflets with brilliant lustre 
Itadenburg, B. 13, 109). The corresponding 
turochloride of atropine melts at 191^ and has 
0 lustre. The atropine aurochloride melts 
nder water, that of hyosoyamine does not* 
iyosoy|mine aurochloride is less soluble in 
rater at 60° than atropine autpchloride. — 
(dried at 100°). Slenaer needles. 
20^]. — Oadmioiodide: needles [from alco- 
lol); almost insof^tater.— Hydro orchid e : 
ompact pritiM i 0 ^ ^ ^ 

,ily pp. quickly changing to rectangular^lates. 
-pfatinc^hloride: •triclinio (Fock, 21, 

^*SyoielneO„H^O,. Amo^hous hyoscyam- 
ne. Oolourlessf^rupy fluid. Occurs in the 
nother-liquor from which hyosoyamine has orys- 
lalliBel It closely resembles hyo8oyamin|, both 
n its mydriatic Mtion oil th^ pupil of the eve 
ind in other respect!. Boned with water it sphts 
ap into tropic acid and pseudotropine. Solution 
a hyosdne hydrochloride is precipitated bv 
Bgdl HgKJ«, and E^FeOy,. 

[198®] j yellow prisAs. 


— B'HI^aq; (dried at 1||0®) j small monoolinic 
prisms; a:b:c = •938:1:1‘867. M. sol. water.— 
iB'HBr S^aq : trimetric prisms ; a:b:e • *601:1: *41 1 ; 

sol. water.— B'jH^Ptgl,: octahedral crys- 
tifls, sol. water and ether-alcohol. — Pic rate 
B'C,H,(N02)^H : prisms (Ladenburg, B. 13, 
1549 ; 14, 1870). 

HYOTATIEOCHOIIC ACID C^H^jNSO, (?). 
Occurs in very small quantity in pigs* bile 
(Streoker, il.*70, 180). • Apparently split up by 
boiling with HCl into taurine and hyocholio 
acid^ 

• HYPO-. Use of this prefiM applied to inorganie 
Gompotmds : for hypO‘ compou^s v. the element 
the Jiypo- compound of which is sought for, or 
the saUs1;o the name of whioh^ypo- is prefixed.’ 
Thus hyp^bismuthic oxide ''^1 be found under 
Bismuth, oxides of; hypo-bromous acid and 
hypo-bromit^k will be found under BkominBj oxv- 
AciDS of; hypo-phosphites will be found under 
Phosphorus, oxt-acids of. 

HYFOO.SIO ACID. This name was given 
by Gossmann a. Scheven (if. ^4, 230) to an acid 
of the oleic series C^HmO,, melting at 33°, sup- 
posed to exist in earth-nut oil (c/. SchrSder, A. 
1^, 22; Caldwell a. Gbssmann, A. 99, 310). 
According to SchSn {A. 244, 263), however, no 
such acid can be obtained from the oil, which 
containa^lein and not its lower homologue. 

HYPOQIJEBBACHINE C^H^NjO,. [80°]. 
An alkaloid occurring in quebracho bark (Hesse, 
A. 211, 2641. It is a strong base with bitter 
taste, v. sol. alcohol, ether, and chloroform. 
Forms yellow amorphous salts. — B'^HjPtClgdaq. 

HYPOXANTHINE CjHjt^^O. Sarcin4. Sar- 
kine. S. *33 in the cold ; f-28 at 100°. 8. (al- 
cohol) *11 at 78 °. Occurs in the spleen of men 
and oxen (Scherer, A. 'p, 328), in the bone- 
marrow of men and calves (Heymann, Pf: 6, 
194). Occurs also in the muscular tissue of 
horses, oxen, and hares (Strecker, A. 108, 137}, 
and in the blood of corpses (Salomon, JET. 2, g4}. 
It is a product qf the reduction of uric acid 
G5H4N4O, by sodium-amalgam (Strecktf a. 
Kheineck, A. 181, ffL). It is formed from blood- 
fibrin by the action oi pancreas-ferment, and in 
much smaller quantity #>y the simple decay of 
blood-fibrin (Krause Ik. Salomon, B. 11, 574; 
12, 95 ; 13, 116!) ; in both oases itsvformation 
may be due the presence dt nuo^Hi ^ the 
blood-fibrin, since it is not formed from purified 
fibrin (Kossel, H. 5, 156 ; CBittenden, Th. 
1879, 6y. Formed, (together with xanthine, 
leucine, tyrosine, guanme, and oarnine, hi the 
decomposition of the proteid constituents of yi^t 
(Schiitzenberger, Bl. [2] 21, 204 ; Kossi^ JEL. 8| 
*291). Hypoxanthine is also formed by the action 
of chlorine-water on cErmine ^H8N40, (Weidel, A. 
158, 8621. H;^oxanthine arodfapanies oaffeli^ 
and xantnine in tea (BaginBky,%^. 8, 896^. 

Pre^rafton. —Extrq^t olkmeafia dissolved 
in wat^ and ppd. with lead subaoejpte. Thie 
filtrate is freed from lead by ELS, oc^ntrated, 
and ppd. with an^onia and AgNO,. pp,l8 
dissolved in ^e smallest possible quantity of 
dilute HCl (i^. 1*1). The oompoT|ad of hypd^ 
xanthine and AgN0,|B|Rirat6edn cooling,%nd la 
subsequently decomposed^ (Neabaa«|^ JV» 

Prqp«‘«w.--Bimuto ^ystalB, %L ipl 
T. si. sol. alcohol Beadfly aqinbfejn aeddi fu4 



amxiKtHmE 


!0,|rom ita aolation ' in aqae- i mtUAM.-^CfiJk^fi Ai^ : 

J w litmiiB. Ppd. by phoB- fg^tinoua pp.-^iH.N 40 iffNO,rflo^Biit pp« 

:« -^4 4 orygtallidls from boiling l^O. in Brnnll BOftWAi 

DisaolTeB in 4^ pto. of cold oilutB HNO, (8.G. 
1*1). *Th6 ppn. of h]ypoxanihi&e by AgKO, Ui 
prevented by the j * 


•IkftliB. Ppd. by GO, 

OQB KOH. Nentnl 

phomolybdio loid in iioid solution. Aooording 
to Kos^ (H. d, 4illl8) it cannot be oxidiset4o 
xanthine as formerly sapposed. % 

SaltB.— aq : tabks.— •• ‘ 1 prevented by the presragp of ge 

(G^^4,0),|H^CL: yellov? oryetan, s\. sol. cold, 1 tlon (Salkogski , P/. 6, 91). 
veg idlohle in hot, vratei,— KOTJAaOim o. Di^mA-j 
O tHtM^OEKOit (at 100^): large ^atalk— \ 


of gelatin in toe solo* 
>AaxHakqinno«B. 


I 


XBOTIH. A glacodde said to occur in the 
aqueous extract of the seeds of Ligustrum Iboth 
(Marti]^ Ar. PK 13, 3381. The solution is 

? pd. wi^ lead adbtate, and tne pp. decomposed 
y and exhausted with alcohol. It is a 
yellowish-white powder. Cone. HoSO, dissolves 
it, forming a red solution, which loses ita colour 
on addition of water. • * 

ICACDf 04 ,H ,,0 or (C,Eg,H,0 (Fliickiger); 
0^0 (Stenhouse a. Groves, A, 180, goo ; C. J. 
29, 17C) ; 0,,B:„(0H) (Hesse, A. 192, 181). The 
last formula represents it as amyrin in which 
one hydroxyl has been displaced by hydrogen. 
Icadn is the crystalline resin of conima or In- 
oense resin (Scribe, A, Ch, [3] 13, ICG). Steam- 
distillation expels %n essential oil, conimene 
(q. 0 .), the remainii^ resin being almost entirely 
solnUe in alcohol, from which it is deposited in 
silky needles on cooligg. It may be purified by 
reoiystallisation from ugndn. It crystallises m 
needles [175°]. Insol. water, m. sol. boiling 
aloohol and petroleum, t. sol. ether, CS^ and hot 
bqpzene. Hot cone. HjSOf blackens it. 

f|.lC08ANS [86°], (205° at 16 mm.). 

8.Gi^; -778 ; y *749 *73^ Formed by reduc- 

tion m the diohloride of hSptyl tridecyl ketone 
vHth HI and P. Producld by treating n-decyl 
iodide with slices of sodium ; the reaction which 
begins in the cold is finished bv heating to 150°, 
and Hie |nodn^*ia mixed wnh alcohol, water 
being^t]8»g addm, and the hydrogarbon rectified 
and finahy crystallised from ether-alcohol. Ob- 
tainid also by frigjtionating paraffin from brown 
coal (Kraff, B, 16^111^ 19, 2220 ; 2^ 2262). 

lOOnorSHS G„H|P SicosyUne. (315°). 

8.G. ** *818. Prepared from ozokerit, or the 
imUd paraffin [87°] irom brown dbal by heating 
wHh to, at 170° and ^tilling the resnlting 
0,,BLCI, (Lippmqpn a.* Hawlio^sk, H. 12, 69). 
Gooihmes wit^r and 01 forming 
and (v, Di-osLono- and Di-bbomo- 

loonzox). ^ • « 

xooscmni OJEL,. Didtune. (S30°- 

C.O. i* *986. [«]»- -2°. Obtained 
tnsn the fraction (380°>$40^ of the product of 
the distillation of colophony, by %noTing other 
nnsatujrate^ hydrocarbons by treatment with 
S[.8O,orHKO.(Benard,t7.JS.106,10ed). do- 
looAess, non-llnoresceni, oik Docs not alter 
whan exposed to aii^ snd is not affected by 
^ lupomine in. the 


cold. Occurs to the »tont of 1) p.o. in the 
resin oiL* I ^ 

IDEIALIH The essentill consti- 

tuent of idrialite, a mineral found mixed with 
cinnabar in thq mercury mine of Idria pumas, 
A. 6, 16 ;^chrotter, A. 24, 836; LAirent, A. Ch. 
[2] 66, 143; Bfideker, A. 62, 100; Goldschmiedt, 
J. 1879, 866; B. 11, 1679). ExtractSll by boil- 
ing idrialite with aylene JUittering plates. Mat 
be distilled m Si onrrenf^ CO,. Almost iosoL 
alcohol and ether, v. sol. boiling oil of turpen- 
tine, V. e. sol. G^,. Fuming HjSO^ forms a sul- 
pkonic a6id. i It gives no ^etyl derivative. 
Oxidised by chromic acid to palmitic and stearic 
acids and oxyidrialln G^H^p,,, a red sulutance 
which forms a deep-violet solution in n^SO^. 
Oxyidrialin may be reduced to idrialin by^distil- 
lation with zino-dust, but it gives stearic* acid 
when distilled in a current of hydrogen. 

Bromine-water converts idrialin into 
CMH,Pr„0,. Br in HOAo forms 
a redmsh-yellow powder, v. sol. hot chloroform « 
and benzeiu. Boiling cone. HNO, forms 
C,p:„(N02)„0y Fumiqg HNO,' prod toes 

IDATL is identical with Fluobxmtukns (qfv.). 

lOASUEIKE is impure BBU 0 XMB*(Sben 8 tone, 
a /. 39, 457). 

ILICYL ALCOHOL C^jH^O (Personne, €. R. 
98, 1586 ; Bl [2j 42, 150) ; Oa^H^O (Divers a. 
Kawakita/»G. /. 53, 274). [175°] (P.) ; [172°1 
(D. a. K.). (above 850°). Birdlime, obtaiiild 
l^by fermentation of the inner bark of the holly 
Ilex Aquifolium, is a greenish tenacious sub- 
stance, which when dried at 100^ and detracted 
by ohlorofoflm or ligroin leaves an ash mainly 
composed of calcium phosphate. The evaporated 
extraci contains a compmg^ ether, which may 
be saponified hr alpohouclWH. elastic sub^ 
stance resembling caoatohouo separates, and 
when%be liquid portiar is TOured into water a 
gelatinous pp. mbtained, which dll be purified 
by repeated oryfUUisation from alcohol. Needles 
(from aloohol or by sublinfit^on) ; insol. odd 
water, m. soL alcoh^ miscible wi^ boUing li^t 
petroleum, ether, and chloroform. On heatms 
^ith halmitio acid % fubstanip rtsemblfcg bird 
lime is formed. ^ ^ • 

UIX^Hraxw’ Ooeors li 

|*the leaves of the bo^ (/mo Aqtdfiiiim), Ob 
taised from the laaves gathered in An^t If 
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granule^which 
kill - u!? recryBtaUiamg lrom 

^ (Moldenhslier, / 103 , 

■^!“**SS,tKS 

31AnAT^ Fehiing’g golution, Disgolveg in 
onI?i alkaline oarbofiates turn 

aqueoug solution orange-yellow. Fed, ooloura 
solution green. Lead aogtate and dbbaoetate 
'e a splendid yellow pp., soluble without colour 
Metio acid. Ilixanthin dyes cloth, mcifdanted 
th iron or alumina, yellow. * A yellow crystal* 
le Bubstanoe, 0,gB[2<,0,,, wrach may be extracted 
>m the leaves of buc Wheat {Polygonum Fago* 
rwm), di^rs Irofh iSianthin only inlyin g an 
ve-brown colouration v^h Fed, (Bchunck, 
'lew. Uoa. 1899, 201). \ 

IMABEM2IL ti.Vol. i.V. 467. 

1HIBE8. Compounds containing the diva 
Qt group imidogen NH united to a divalent 
id radiole. Tb|py are for the most jJhrt described 
ider the acids which may be obtained frofli them 
r diaplacii^ NH by (OH)^. 

IMIDO*DI*AC£TIG ACID v. Di-oltcollamio 
in>. . 

DMiaDO-s-DI-AMIDO-BENZENE 
,H.(NH2 )j(NH )2 [1;4:2:6]. The nitrate 

,H.^(NH)j(NH2,HNO,)a is obtainefl|as a pp^of 
nail green needlfe by adding an excess gi 
ejCl, to a solution of s-tetra-amido-benzene 
ydroohll9ride (Upt.) and ordinary HNO, (2 pts.) 
i water ^16 pts.). By solution in cone. E^SO, it 
I converted into 8-di*nitro*di*amido-quinone 
l,(N0,),(NH2),0, [1;4:2:6:3:6] (Nietzki, B. 20, 
116). 

iklDO . AM1DO.£TH£NTL*0-AMIDO FEE* 
CYL-MEBCAPTAir 0,H2N,S probably 

J,H,<^^C.C(NH2):NH. [loO^^]. (Stained by 

lissolving o-amido -phenol mercaptan in an ex* 
!es%o( alcoholic cyanogen. Colourless needles 
from alcohol)^ plates (from benzene). Weak 
)a8e. By heating with aniline it is coAverted 
nto thp Inono* and di<« phenyl derivatives 

J^,<;^^C,C(NHPh):NH and 

C,H4'?;[g^0.C(NHPh):NPh, with evolution of 

NH,. Warmed with an alcoholic solution of o- 
amido-phei^rl mercaptan it is converted into the 
anhydro-oxalyl derivative of the latter • 

0,H4<g^0.C<^g>0|B:4, ammonia being 
evolved* Cold aloohpj^KOH rolits off ifs,, 
giving the acid 3!k*<^>C.CO,5. Salte^- 
B'H,0y?t0l4.--C'H01AuCl,* (Hohpann, B. 20, 
12) • 
Di-UtlDO-AKIDO^RCIN v. AMXi>o*DMiin>o* 


IXIDO-AKIDO-DI-FHEinrL SinifHlDE v, 
A w m n. rMny -Dl-PHBNXli • 

]DI*IlIIDO.AlCID(F^BSOBfUUo, Amido-w- 

"“nnwjMZYi iMAJm zuuphid* 

<1.A;NB U OA-0(NH) S.q.H„. Fomwa by 
jHOl intoajpttixtureof isoamyl mercaptan 


m 

benaonitrile, and deeomposiiigtihe reat^Mng 
jyBtaJUne hydrochloride MOwith auuemii 
I a. Klein, B. 11, 1826). oi 

^''IDO.BBirZTL STHTL jraXPHIDl 
, ^ Ofi^.O(NH}SM, From benaoni- 
ti^e,m6mplaD,Mia‘EC^ 
anudeand EtI<(BenithBen, A. 197, A4AV ^ 
Beadily gpUta up Into benzonltanle and meroap* 
tan. Its alcoholic solution fd'ves pps. with 
•CuSO^and Hggi,.--B'H01 : [188°]; sW thick 
prisms, V. e. soL water andVloohoL— B',HJPtOl, : 
needles. — B'Hl: [142°]; monodinio prisma. 

IMIBO-DI.BENZYL SBLPmBS 
OAO(NH).8.CHyO,H,. The hydrochloride 
B^HOl [181°] is formed by heating thiobenzamide 
with benzyleqhloride, or by passpig HOI into a 
mixture ox benzonitrile and bcjpzyl mercaptan 
(Bemthsen, M. 197, 350). 

IMIBO-BBTjrBIC ETHER v. Aoxto-acbtxo 
KTHER IMIDB, VOl. L p. 19. 

AMIBO-CARBAMINE.THIO-BBT7RIO ACID 
V, Thio-uiumido-butybio acid. 

IMIBO-CABBONIC ETHEBBe These com* 
pounds, having the formula NHiOfOB),, are more 
properly described as ethers of imido*formio 
orthaldehyde (q.o.). 

IMIBO-OOBMABIK v. Goxjharin. 

IXIBO DIETHANE BI8BLPHONIC ACID 
V. DI'STHYL-AMINE x>i*sulphomxo acid. 

IMIBO-BTHERS. Compounds containing 
the group C(OEt)(NH) (Pinner, B. 17, 182, 184, 
12002, 2007). The hydrochlorides of the imido- 
^ ethers are formed by the action of dry HCl on a 
mixture of a nitrile and an alcohol, dissolved in 
dry ether. The hydrochloride a ohloro-amido- 
ether B001(NB[2)(OKt) is first Jformed, but this 
rapidly splits up into HCl and BC(NH)(0£t). 
The hydrochlorides of the imido-ethers react 
with alcohols, forming orUioformio ethers : 
RC(NH)(OEt) + 2R'OH - RC(OR'),(OEt) +NH;. 
Alcoholic NH, turns imido-ethers into amidines : 

RC(NH)(OR') + NH, - RC(NH)(NEg + HOR'. 
Primary amines act like ammonia, out potashc 
and tertiary amines ds> not act upon tree imido- 
ethers. ** • 

IXIBO-FORHIO OBTHALBEHTBS 
HN:C(OH),. Imido-cardonic add. 

Methyl ether W:C{(Jtie)j. Obtained like 
the ethyl ether by reduction of itschloro- deriva- 
I tive ClN:G(OMe), (^lorimido-odj^nio-Uiethyl- 
ether) with potassium arsenite. Very velalile. 

Ethyl ether HN:C(OEt),. , Prepaid ^ 
shaking 15 pts. of * chlorimido-earbonio ether' 
(ClN:C(OEt)j^ with a solution of 11 pts. of As,0, 
and 80 pts. of KOH in 129 P^* water, not 
allowing the temperature to exceed 60°. Alka- 
line liquid with ouour resembling trimethylamine. 
Miscible with water but i^parated by addition of 
Na or OHEOH. pn distillhtioi^ J^rge part de- 
composes. jpy aoids it is decompocAd into NH, 
and carbonic ether. ^ hypochlorite| it is Con- 
verted intce'ohlorimidO'CaAonid ethn' (Saod- 
meyer, B. 19, 864). The hydrochloride Aormed 
by passing HOI, in the dry ethereal solutign, is a 
tU^ liquid, which decomposes on heating into 
urethane and ethgl chloride. 

» IXIBO-DI.FaBXIO FVfiXR OgB.^O. is, 
NH(qp,Et),. [60°], (226® si 780 mm.) ; (1^ 
at 20 mm.). One of the products of the soticii 
of ehloro-rormio acid on potassium ,oyanate hs 
y>resenoe of ether (Worts a. Hennu^ger, 0. BL 



fin 


i)d3)04>i*fOTtMio inmK* 


100, 1419$ dlt3]4iS6), Longprisdii. FormU 
bimet when heatM with aqueoni 

ii^Pi * cn^, blackens at loo**. ^ 


IMUXULraiMIO STHIB mg 

(K)»Et.CHyO{NH)^^OONH,. [SO**]. Po«ned 
bv the action of aqueous ammonia on acetone* 
di-oarboxylio ether COiOHrCOtEt), (Stokes a. 
▼. Peohmann, Am. 8, 877). Long, flat, colourless, 
flexible needles; si. sol. cold water and ether; 
Boi hot water and al|g|ohol; m. «ol? hot CHOI,. 
Heated above 86° gives ofl water and ammonia. 
Fe,01, gives deep red colouration. Soon de- 
coi^ses in aqpeons solution. PtCl^ giyes 
(NHJ^tCl,. NaNO, in acid solntion ^ves a 
yellow pp. [178°]. Boiled with Na^CO, it gives 
di-oxy.amido*]|Vn4ine (0iH,N-02). . * 

nUBO-HSaOlC ACID. Nitrile* 
NH:CEt.CHMe.CN. [48°J. (268°)* Formed by 
the action of Na on propionitsHe dissolved in 
ether, the product being decomposed by water 
(Meyer, J. pr. [2] 38. 336). Plates, si. sol. wa4er, 
▼. sol. alcohol wd ether. Gold cone. HClAq 
oonverts it intd lm.CO.CHMe.GN. Gone. HGlAq 
at 160° forms di -ethyl ketone, NH„ and CO,. 
Beduced by sodium in alcoholic solution to 
propylamine. 

Imidoodi'isohexole acid. Niirile * 
HN(C,,H„.CN)r Imidoisocapro-nitrile. Formed 
as a by-product of the action of urea upon 
valerio-aJIdehyde-cyanhydrin. The hydrochloride 
(B'HCl) forms white silky needles, [169°], v. sol. 
mcohol, insol. ether (Pinner a. Likehiitz, B. 20, 
3356; ef. Erlenmeyer, B. 14, 1868). 

nC^IKlDO-DIPHBNYL SULPHIDE 

Formed by treat- 

OttHiH^S i.e. 

ingamido-imido-diphenyl sulphide hydrochloride 
^th FeCl, (BemAsen, A. 230, 103). Brown 
needles (from dilute alcohol) ; v. si. sol. water, 
m. soL hot alcohol. Beduc^ by alcoholic am- 
momom sulphide to amido-imido-dipbenyl sul- 
phide. Its salts dye silk violet. — B^HCi : insol. 
e^er, ▼. e, sol. water and dlcohol.— B'^HjZnCl, : 
iMg, dark-violet, needlewf m. sol. water. 

IMIDO-DI-MALOKU ACID. Amide 
HK {CH(CO.N]^,},^ I^rmed by heating chloro- 
maloDlc ether wi^ alcqholio NEL, at 140° (Conrad 
a. Gi^izeit, 15, 606).« Prisms; sol. hot 


ttlOO-MSTETL ALCOHflL e. Fobmimioo* 


D14]fID0.9AP^FH0L v. Amido-miphtbo- 
qioiiio]m>xiapa. • 

I]IIX>O.DXKAPHrHTL C,^.,K is. 

DinaphthylcarboMoU. [216°]. Formed 

by boning di*iAmiio-dinaplsthyl (dinaphthyl- 
inelLwith a# excess of HOI or othfr acid, NH, 
being elin^t^ (Nietzk? a. GoU, B. 18, 8259). 
Crystallises in long ^iourless needldb or silvery 
plates.* Sublimes in colourless needles. It dis- 
sotvesdn HgSO^ with a reddish-brown colour, a 
trace of nitric acid added ^ this solntion pro- 
dooBs a dark-green colonrationiL a 

•Fierite WOJ^mXOKi [236°]; red 
naadles (from benaene w idoohol) ; subli^ble. 

« Acetyl derivative OjA^NAo: [above 
f00°]; eoleorlass plates; sofiioetic add ai3l 
aleobd, insoV benzene. < 


Nitrosamine 0„H„N(fW))t [dbove 800^]; 
small yellow plates ; very sparingly sol. ordinary 
solventi. 

[ 170 °]. 

Obtained bj heatinj W-imifo-dinaphthyl inl- 
phide wi^ powdered copper in a current of GOg 
(Bis, B. », 2240). Almod ooborless needles ; 
si. sol. al^ol, w. sol. etber, v. e. sol. benzene. 
Its solution shows intense bluish-violet fluor- 
escence. * 

Picrate B'C,H,(NO,),OH. [221°]. 

Acet^l^ deriimtive C,«H„NAo. [143°]. 
Long yellowish needles (from benzene) ; si. sol. 
ether. ;;gd alcohol. 

IMIDOgDI-HA^^HYL OXIDE C,gH„NO U. 

Oxy-di-naphthylamine. [801°]] 

Formed Igr heating imidcrdi-Yiaphtl^l sulphide 
with cupric oxide atl^270°, and extracting with 
boilingJ>enzene (Bis, Bjl2, 2244).*’ Lemon-yellow 
crystalline powder (frem befizene).* Cannot be 
distilled. SI. sol. alcohol, ether, HOAo, and 
boiling benzene ; v. sol. H,SO,. 

Ac^yl UerivativB C,oHt|AoNO. [235°] 
Almost insol. alcohol and ligroin, m. sol. ethei 
and benzene. • 

IHIDO-DI-^APHTHTL SULPHIDE 

C«,H„NS Thiodinaphthyl 

amine. [236°]. Formed by beating di-(6) 
»naphthylamitfb (10 pis.) with sulphur (2*4 pta. 
fcg 10 hours, the temperaturl being slowly raiue* 
to 250° (Bis, B. 19, 2241). The product is ex 
tracted with hot benzene, and bailed with ooppe 
powder. Pale yellowish-green needles. So 
ether and HOAc, v. sol. boiling benzene.^ Coni 
HjSO, forms a violet solution. Distillation ov< 
reduced copper forms imido-di-napbthyl. Dii 
tillation over CuO at 270° gives imido-d 
naphthyl oxide. 

Picrate B'(C^(NO,),OH),. [c. 266° 

Dark plaws or yellow.needles; •wlmostsinsc 
alcohol, ether, and ben^ne. 

IMIDO-DLOOTOIC ACID C„H„NO» M. 
NH(CH(C,H„).CO,H),. hnidoipaprylic aci 
[210°-115''l. Formed, together with formic aci 
HCy, and heptoic aldehyde, by boiling it# nitri 
(1 pt.) with HCIAq (16 pts.) for an hour (Erie 
meyer ^ Sigel, A. 177, 136). When tile nitri 
is heated with fuming HCIAq at 100° it yiel 
the acid and the imide, from which mixture tl 
acid may be extracted by NagCOgAq. WhJ 
tasteless powder, which becomes pas4y at 18( 
Almost ilisol. cold water and alcohol. DissoK 
unaltered in boiling dilute (20 p.c.) HCl, brillia 
needles of its hydroohlorite separating again 
cooling. Stro^ (40 p.<^|RClAqjit 180° resob 
it into amido-Setoio acid and #^toio aldsbyi 
CaHgA'g*. cryptocrystalline pp. 

Imide i,e, • 

above. Needles, insol. coif, nearly insoL ht 
ing, water; v. sol. alcohol and ether* 
mfente ae^es, formed bypassing fi|Cl Into 
ethereal solutlkm.f BoiUn^kater spUta it up! 
HOI and tb# imide. Bomng cone. KOHAq oon* 
verts it into the acid. 

Nitrile OiJBL^r C«* 

aldehyde (osnaAfbm) ly amalj^iiiiig ii vUfi ipS| 



BCtDO-DI-PHENYIi StJLPHlDB. 

ind treating the resolting <Bnanthol>ainmoii!a 
with HOy. Dilate HCl then dissolves* oat the 
nitrile of amido’ootoio acid, leaving the ilStnle of 
imido-di’octoio acid andissolved. ffhiok oiU v. 
sol. alcohol and ether, v. sl«sol. water and duute 
HOlAq. Split npby boiling with AgNO, givi^ 
heptoio aldehyde and AgCy. ®'HC1 j-^stals, 
sol. alcohol ; decoznTOsed by water inj^ HCl and 
the nitrile. • o • z' 

IXIDO-OXY. V. OxT-iMiDO- . * 

DI-IMIDO-DI PHENYL-ACETYLEHE (?) 

C- ^n*n (?)• Mydraiido 

di-phenyl-acetylene. Di’imido-^lane. 3 80^] 

Formed by treating an alcohelio solutidt^f iso 

• di-nitro-benzil with tin an| HCl (Gcduben,.7.IJ 

• 16, 677). Thin tables. . Sublimes at 250°. V. si 


7411 


By thehctiffl* 
a dissolved in benzene 
_8. In small quantity 


V r1 

DUUJiAMACa C»V • » * oa* 

sol. boiling aloqh(^ f^Dciieig a solution exhibiting 
violet fluc^Bcrace. HNQ|>(S.G. 1*3) donverts it 
into an amoiyhoas in^go-blue compound. It 
does not c§mbine#vith t^ids. • i 

Benzoyl derivative C,4H8Bz2NjOj. i 
[240°]. Pale yellowish needles (from toluene- 
alcohol), m. sol. boiling benzene, Jrom which it 
crystallises as^uHgBzjNjO on addition of 

^ ^^IMIDO^HENYL-BENZGLYCOCYAMIDINE 

^IMlboJ-PHEKYL-PiOPIONIC^ACID 
C.H..CH.CH.CO,H. Imido-dunamic acid. 

Yn . , -I : • - 

Benzoyl ti eriv a iias C,sH,jNO,t.«. j 
Ph CH^H.CO^. A body which probably has 

* this cSnstUation is obtained by sa^mfloation of 
its anhydride which is P«pated by 
hippurio acid with bensoio aldehyde »<>4 “ 

rnhydride. The aoid forms monooUnio needles. 
•liih Sol. aloohol and 
water Heated with aqueous HCl 
yielfs an «id C.H, Op which is PS^ h'J, 
tye^ phenyl-glyoidio acid C.Hj.C^H.COjH 

of th» anhydride 
fl H il N * 1166°]. Yellow needles, sol. hot. 
^ffi.*rir.ol.ethir, insol. water. Farmed as 


* lion of NH, on the oomponnd of^CN and 
action O , _ v-J,. /TTvlATiTnovAr A. XjIDD. a . 


ILs S,01i (Bdmthslin, i4. 2S0, «T.~ 

« 801* on diphenylamine aiss 
' {Holzmann,B.21.2064).-8. Ins^ 

by iWhting o-amido-phenyl mercaptan ^ 

catolhin for 80 hours at 230° (Bemthsen, B. 19, 

boili“8. 

(1,600 g.) with sulphur (680 g.) for 8 hoaia. The 
product is distilled in smaU portions (2Wg.) 
and the disAllafe (60 g.) fractionated (Bemthsen, 
A. 230, 77 ; B. 16, 2897). 

Prqperiies.-Slightly yeUowish (from 

aleohol or benzene). Sol. hc4 alcohol, HOAe, 
benzene and ether, si. sol. ligroin. May 
hmed in plates. Has no basic properties, berng 
insol. dilgt^HCl. It oxidises ra^Wy, the alc^ 
holic solutiqa turning red in aiB ^Cl, colour* 
its alcohoUo solution dark green. Bromme va- 
pour does the%ame. The green colour is de- 
stroyed by alkalis. HNO. colours the BoluUon 
1 in^HOAo green. Cold cone. H^SO^ gives off C9, 
and forms a greenish-brown qo^tion which m 
thin layers appears rose-red. • irot cone. 
forms a bluish-violet liquid. 

derivatives which are reduced by SnCl^toaleuTO- 
. 1,1.1 ■RaCI- forms a violet 



to^tbe monoclinio ^ystem 

“ *1*^8. * fhiadffiheeifyU 

fMAAO A* All mm. 


ivauvea wuiuii t*io ^ ‘ , 1. 

baso^ which on addition of FeCl, fonna a nolet 

dye.* Cold aUoholio BolnUona of unij)-diphenyl 

anlphide give ; (o) with aqueona A^O, a green 
colLt and^a black pp. ; (b) with » 8'^ 

pp.; (c) mth CuSO„ HgClj, and Pb(OAo)„ no 

Diatillation oyer rethot aino- 
duat gives aome diphenylamine.— 2. By toil^ 
with copper powder it givea CuS 
3. By heating with benzoio a«d and ZnOl, toere 
ia fomed phenyl-acridine.— 4* ^r gives ethyl- 

imido-di-phenyl anlphide [102°] 

which cryatalUsea in 

Mel foima the corresponding BC.ftNMe 

Acetyl derivative CiaH,AoNb. [19# J- 
Prisma. V. al. aol. hot HOAc. aloohol, and bens- 
one. Its alcoholic solution is not turned greeft 

Benaopl derivtdive , ^^'2' 

Plates (from alcohol) ; |i. ooL hot aloohol (Ftan- 
kel B. 18, 1844). » . v 

Cm 3 titutwn.-The ipaide group la »h^ by 
the ready formatiw of the aojtyl 
, derivativea. The 
phuris shown the oxidation of 
I Lrivative to a sulphone. y***?®’^’^**^^ 

'^Bulphide itself cannot V 
phone because the 

The body does not combint^th 1^1, but neitn« 
does Phjs, although Me,S does. The S iinotm . 
p- position, because that is stiU unoccupied. 
Wably the formuU is^^ 

• Oh/% 0'^0'^ 

I ■> 1 « 

'Yy\b 4 

which would also TJb indicated by Its fonnatten 


HCl 



iJ^B wnion wouiu iubu vo ^ 

__ .frorno-amidoTi^enyl-meroaptan. ^ 

. ^J!hiodwheefylamin6. Di- Bei/er«nces.-A3ni>o-, Hinm-, 

o„oot!> } andeoxx- iiin><w.iPHaHfe st«HU)B. 


<«»* >! By heating diphenylamine 


POXY- IMIDOwDIPHBMXli ~ k 

Imido-di-plieiiyl difuljhidt 
[ftn°]. Formed by ^ lotiott 



9UJLFH1DB. 


jttyhuiluie dlssol^ in petroleiim ether (HohJ 
jui. B. 91, SoAk SmeU ;^ow needl^ 
lol. water, v. el. uqL oold aloqiiol, eihelr, alia | 
laene. % < •# 

cimBO-DX-l^PIOinO AOXB 0^„K(ft ie. 
I(GHM6.00,H)|. *DUthylidMf^tamMdcid.* 
^Unlaetamio 4ictd, DtiaetamS add, Formed, 
^ther with alanine, by treating aldehyde- 
monia with HOI and HQy anooessively, 
nnti. A, 160, 86; 466, 44; m. 875). The 
;dnot is boiled with lead hydrate, filtered, freed 
m lead by ]^, bonoentrated, and mixed with 
9hol. Alanipettien separatee, and the mother- 
aor is mixed with ZnCO, and eraporated to 
ness. The nddne of sino imido-dipjropion- 
is wa^ed%iih water, and dedScaposed by 
Minnie fSiender needles, soL water, 
^ aleohol. 

Salts.— reotangnlar tables (from 
ihol) or needles (from aloohol-ether). v. spL 
sL sol. alMhol^ insol. ether. — ZnA": 
inte dimet^ tebles, ▼. si. sol. water, v. sol. 
lAq. — CdA^ : minute needles (from water), 
x>l. oold water, but can exist also in a less 
able form.— PbA'': crystalline crusts (ppd. by 
ling aloohol to the aqueous solution). — 
i'^Saq: blue grains, ▼. sL sbl. water and 
dioL— Ag^'': white pp.; explodes slightly 
in heated. May be crystallis^ from boiling 
er.— HA'Hd : extremdy soluble crystals. 
Nitrosamine NO.N(CHMe.COaH),, The 
dum salt of this acid is formed by treating 
aoid, dissolred in HNO,, with ttUoium nitrite, 
tialising with lime, evaporating, and mixing 
li alo^ol and emer. The free acid, obtained 
3 this salt by treatment with oxalic acid, 
^ flat eolonrless needles, v. soL water and 
)hol, soL ether. # 

NiitiU as. NH(CMe.ON)^ (68^. 

m aldehyde-ammonia (1 moL) is dissolved in 
te (80 P43.) HCy (1 mol), and HGl or l^SO, 
ddM to acid reaction, a-amido-propionitrile 
jrates as an oil. If, after removing this oil, 
mixture be allowed t%stand for several days, 
lies of imido-dipropipzdtrile separate ; after 
e time these are A^wed bj crystals of hy- 
^yanakUne and muUy of para-hydrocyan- 
ae ffiilenmmr, A. 300, A30 ; cf, Urech, B, 6, 
^ is ferhaps one of the products formed 
hsfhtg a mixture of amradlua and alcobol- 
m over nd-hot iron ^nari, 0 , H. 98, 106), 
loeliaie needle^ (bom etiier) ; 
366:l2l-347;fl-70«3r; m. soLsJoohol and 
ir, sL aoL watei^ Beadify sublimes. When 
icd with dilute HOI it yiem e-imido-dipro- j 
ie acid. With AgN^ i^veson wanning a 
ei,AgOf, AquemiaiSOH has no action in 
iqIIL od imniADfl it sives HJEL andaldehvde. 

po^, bMoL e^M, 
mposed^nrnriter ixflb Hd and the free 
iU. HitrSsaiAne KO.N(Caiie.OK), : 
yeKow oil, heavier than water, soL alcohol 


;C 


^Iaiie4lprepMeaeid9rH(0^ i 

rwithfl-amidaffopionie aoi^j 
^ ,rcqpionieacidwRhKH 9 (Beints, 
68, 45; ifulder, H. 9, 1904, whocouM not 
la it), ^yn^, iHiieh abwly eiystaUlses. 
fscy skttder taUea^A^^: pp^ 
MlabieMTslalA 


U-UIIXIO.BXIOSOIH C^OH), 

Formed by oxidation of di-amido-resorda with 
Fe,0]«, KfittO, or exposure ol^e sUcaline sohi« 
Mon to the air (Typiw, B, 16, 666). Small 
spanglea^ Inaol. water. Pissolves in a^eoua 
HOI to amagenta-red solAion, in strong 
to a'violet VdUtfon. By Mn and HOI it is re* . 
daoed aga^ to di-amido-reeoroin. 

BI-nilbO-TlBEBHTHAUO AOIB. Tstra* 

. This 

acid i^ebtained hy saponifyiiig its ether with 
alccfn^o HOH and fpg. with HOAo (B6ninger^ 

B. 21. 1766 ; ef. Baeyer, B. 19, 429). It crystal-^, 
lises in greenish-yellofr Ari^s, almost insol. 
ordin^ aolvents. J^forms a oolouBeas hydro- 
chloride B'H^Oh, orystidlising inyplatea. In ita 
colourless derivatives me acjd has beooma the 
desmotropio di-amido-wrephthalic acid 

•-inDO-BI-m-TOLinO AOX# 

[1:3] 0,H,(00^).CH,.NH.C^C^,(C0,H)[1:8]. 
[above 800^]. Formed by reauotiowof the aoid 

C, H,(C0jH).0(MH).8.C(14H).0,H,(C0,H) (from 
m-cyano-benaaio aoid^md H^) with sine and 
HGl. Crystalline. V. sol. alcohol, ether, bens- 

I ene, and CS.^ si. sol. hot water. Sublimable. 
leltsbliarAoteABtio zinc-salt i%v. sol. water, alco- 
hol, ether, benzene, and OS, (BrSmme, B. 20, 
629). » 

iMl]>0-l)I.I80-YALSB0inTEn.X Oi*H„N, 
U, NH(OHFr.CN)r [62^. Formed, \ogetber 
with a-amido-isovaleronitrUe and oxy-isosralero-* 
nitrile by treating isobutyrio aldehyde-ammonia 
(25 g.) with (30 g. of) a M p.o. solution of HOy 
in the cold. The product is shaken with dJlnte 
(6 p.e.) HOlAq (200 g.) and ether. The ethereal 
solution i% oried over calcium ^orid^ and 
saturated with HCl, irhereupon the Fydro- 
chloride of imido-di-isovaleroxiitnle separa^ 
(Lipp, A, 205, 1 ; B. 18, 906). The SyAo- 
ohloride is decomposed by NHaAsft end the free 
nitrile dxtracted by ether, which leaves it on 
evaporation as an ofl, slowly erystallitifig over 
•HBO^ Monoolinio prisms ; v. si. sol. ypter, v^ 
sol. alcil^ol and ether.— BHOl. Insol. water, 
which removee its HOL * 

nCZX’Xf . Oompounds of divalent hydroear- 
bon radicles with unidogen, $,g, imim 

^ HE. 

nxATomni O.JB..O. U. 

[76^] (Hint), wurs inmie roo^of masterwovi 
(JmmmlorMOsiritf Mum), togeSlw with terpenes 
(17^-230^) (Wsekeotoder a. Wagner, /. 1864, 
MS) ; and aflk) in the foot or Peucedmiem 
offidnaie (Bmoailer, A, 8, Ml ; Botha, /. nr. 48, 
871; Kent, A, 176, 71). ^ from 

the root of Peuedkamm by M pA. alccdud, and 
recrystallised from otlier-linAln. Small trimemo 
sixSided*^4sm^ AococdiPC to Hflulwotl a. 
Weidel(A.]pf09f»tmalltfof Mmfinttimiat 
and aSshimds al 78^. Xnaol w^s,t.il 
soL oold, v.s^ hot, aMiol(idLttliar* 

HKO, fivm 

ad tfUiitio*tff0Mlai al)MQm 

■ m • 



into MteCl oroseloQ^poimdi M wbielr ihe (i 

KOH BtifM formi^Deing tenned iwfop^wofe. ’ •'■'t .', 

jVi Indajnipei are tormgi^ by ih« < 

EoiBlture of ajp-diamine witjl an ampia in wn^ 
thtpositionpara- to an amidog«i is ooonpiedny 
hydro|pn. Thus a mixture of tolylens^ji-d iain i n s 
and o^luidiiro reacts thus : 

O.H,Me(NH^,+ O.H,Me(NH*) + O, ' 


um 

aeid and omaelons^ « 

iTitro • imperatorin, so-oalle^ G,3H„NO«? 
Tabove 100®]. Hates (from alcohol). Oonferted 
by heating in gaseoi^ 'NH, into 0,2H|^2<^f 
imich crystallises from alcohol trimetno 
prisms, reconvertedlby acids into ‘ nJno-impera- 
torin.’ a • • * 

IMPBBIAIINE 0„H«N04?T^4°]. [ajo-* 
•~85‘4® (in chloroform). Occurs m the bulbs 
of S^Hllaria imperiaiis. Extracted from the 
bulb%by rubbing tip with^^^e, dr^g at 100®, 
and exhausting with hot ohlorofoim. The ex- 
tract is shaken with water ai^jidided witl^rtario 
acid, the alkaloid ppd. |pom the ^onobn^rated 
t aqueous solution by Na^OO,, washed, and re- 
erystallised from aloAh^ (Fragner, B. 21, 3284). 
Ittie yielA is si ^.(m Ulmrt colourigss needles, 
turning yeUi^ at 240°. V. e. sol. chlorofonn ; 
m. sol. hot allohol ; si! sol. ether, benzene, light 
petroleunf, and isBamyl^alcohol ; v. si. sol. water. 
Its solutions have a bitter taste, and are Icevo* 
rotatory. Solutions of its salts pre ppd. by the 
usual reagenfl for alkaloids. Gone. HSO, turns 
it pale-yellow. A mixture of the base wth sugar 
is turned ^y H3SO4 yellowish-green, pale-green, 
flesh-colour, cherry-red, and d^k violet succes- 
sively. HjSO. and -give a» orange-yellow 
colour. A solution of the base in HGlAq is 
fluorescent, and becomes brownish-green when 
warmed. — B'HCl : large cry8tal8*(#ronDsalooholaD 
HGl); V. sol. water and alcohol.— B'jH.^P^pl* : 
yellowish-red crystals (from hot dilute HClAq). — 
B'HAucl, : yettow crystals. The aurochloride 
and plhtinochloride are both ppd. in oily drops 
when^^er is added to their hot alcoholic solu- 
tions, but after washing with ether they may be 
crystallised from hot dilute HCl. The sulphate 1 
is very hygroscopic. The oxalate crystallises 
only from very concentrated solutions. 

INAOTOSE. According to Maumenb {Bl. [2] 
82, <52 ; 48, 778) thi^ inactive sugar may be 
formed by Resolving silver nitrate (20 g.) in a 
(jpution of cane-sugar ^20 g.) in water (100 0.0.) ; 
inter 24 houra the solution becomes dark-brown, 
and it is then heated to 100°, filtered, aUd evapo- 
rated on’ a watbr-bath. The residue is heated to 
140®, dissolved iii water, and filtered. To frep 
the sQlbtion from silver it is treated w^h a little 
CifGl„ and filtered; the sugar is then ppd. by 
alcohol. Inactive syrup. Its solution readily 
dissolves lime. 

IBCBIfSE V. Gomimene, Ioaoin, and Ou- 

BAKUU. * 

INDAHINSS. Golouring matters, the chromo- 
gen of which the general fogmula 

H^re^^i^iB an iromatio nucleus, 

the pitrogen atoms ocoupqring the para- position 
to one anotMbr, and Be ^ hy^^arbon radicle 
(Usually aromatic). The colourinpnatters them- 
jielves are deriv^#by the introduction of a 
- basylouB or chlorOTS gfotip into one of the hydro- 
carbon radicles (usually The indamines may 
thcrefordbe repres^ted as deriv^ ffbm thd (un- 

^|ll(M)di-imideof qftUione%,]^<^ which 
^ tirubably the time chromogen. In the ind- 


.NH 


= <f^jMe< I m ^ • +2H,0 

\N.GAMe(NH,) 

(Nietzki, B. 10, 1167 ; Nietaki a. Otto, B. 2lj 
1J36). In this reaction wo*may| suppose that 
the tolyleUe-p-diamine is firsWxidised to tolu* 

quinon^ dUmide G^HtMi 




then 


and that 
reacts upon the o> 


unstable substance 
toluidine. • 

The indamine hydrochloride 
• .NH2OI 

^N.GeHtjfbfe* 

obtained by the oxidation of a mixture of 
phenylene-diamine with di-methyl-aniline ii 
different from the indamine nydrochloride 
• .NMe^Cl ^ 

G^H.^ I obtained by oxidising a mix- 

ture of cU-methyl-p-phenylene diamine with 
aniline. 

The red dye obtained by oxidising di-methyl- 
jp-phenylene-diamine with bromine in HOAc 
(Wurster, B. 12, 2072) is also a derivative of 
y/NE 

quinone di-imide : GgH.^ 1% , and reacts 

\NMe^r 

with amines forming indamines, and with 
phenols forming indophenft. 

Nitroso-di-methyl-aniline and quinone chmr- 
imide also react with amines and phenols forming 
indamines and indophenols respectively? thus, 
nitroso-dimethylaniline hydrochloride acts op8n 
w-tolylene diamine* forming tolylene-blue ( ^itt, 

B. 12, 938): 

,NMe,01 ' • 

= GJa4< I • -i-HjO, while 

\N.04H2M»(NH2)2 
gallic acid it forms gallocyanind^ , 

®.^<NO + OA((JH).odlH 

,NMe ,01 • • 

-O.hZ h +H,0 + 9Hr 

i ^N.G,H(OH),.GOj,»» 

! 0 — 

In the last reaction the hydrogen represented* 
as liberated is in reahty employed in reducing 
another portion of the nTtrol^diUpethyl-aiiiline 
(Nietzki aiOttoT B. 21. 1740). ^^/3).naohthol ' 
violet obtained by Ifleldola (0|7. 8^ 87) by 
action oMlitroBO-di-meth3if-anilitteuponf^)-naph- 
thol may also be represented as an iimopheiidl , 
.NMe^Gl • 

I ^or perhaps at oontalnlug 

twee atoms of hydro^ less 


.|.0,H,Mo(NH^» 
with 


oper the chromophor is amidogen or F _ - , * s 

amid^eii, the corfesponding oom^A similar violet oyt 



stay ha ott|ihaa ,h|Ml^;:. 



m 


IMIJJO-BI.PfflBOTI. SULPHIBR 


pliaiiiyUtiitiiie dis8olT|d in Mtrdeam ether (Hol^ 
metuii B, SI, 806S). Small yellow needl^l 
inioL water, t. si. sqL edld alomiol, ether, alM | 

^ e# 

a.l]nDO.BI4^BOPZOnO ACID u, 

NH(CHMe.(X),H)}. * DiethylidM^iik^etamU 
Did^nlaoiamdc acid, DUaetamS add, Formed, 
together with alanine, by treating aldehyde- 
ammonia with HOI and HOy sneoesaively, 
(Heints, A.160,8S; 165, 44 ; SD3, 876). The 
product is boiled with lead hydrate, filtered, freed 
from lead by H,S, ooneentrated, and mixed with 
lAeobol. Alanipeflkensepd^ates, and the mother- 
liquor is mixed with ZnOO, and evaporated to 
The residue of sino imido-dipjropion- 
^ is washed with water, and decrompos^ by 
Minute Hender needles, la soL water, 
ins^ alcohol. 

Salts.— KH4HA'': reotangnltf tables (from 
aleohd) or needles (from alcohol-ether), v. sol. 
water, sL sol. alMhol^,! insol. ether.— ZnA'^: 
minute dimet^ ^bles, v. si. sol. water, v. sol. 
HOlAq.— CdA'^: minute needles (from water), 
V. sol. cold water, but can exist also in a less 
soluble form.— PbA'' : crystalline crusts (ppd. by 
adding alcohol to the aqueous solution).-- 
OoA^'Saq: blue grains, v. si. sbl. water and 
aleohoL— A^'' : white pp.; explodes slightly 
when heated. May be crystallised from boiling 
water.— HA'Hd : extremely soluble crystals. 

Nitrosamine NOJl(CHMe.CO.JH)2. The 
calcinm salt of this acid is formed by treating 
the acid, dissolved in HNO|, with calcium nitrite, 
neutralising with^e, evaporating, and mixing 
with alobhm and ^er. The free acid, obtained 
from tl^ salt by treatment with oxalic acid, 
forms flat colourless needles, v. soL water and 
alcohol, soL ether. # 

• NUriU can, as. NH(CMe.ON)r [68^. 
When aldehyde-ammonia (1 mol.) is dissolved in 
dilnte (80 px.) HOy (1 mol), and HCl or ^0, 
fti addM to add reaction, a-amido-propionitrile 
smaarates as an oil. If, after removing this oil, 
tM mixture be allowed t^ftand for several days, 
needles of imido-dipropipnitrile separate ; after 
some time these are ^llbwed by crystals of by- 
droeyaoaldine and nq^y of para-hydrocyan- 
al^e ^leomeyer, A* aOO, dSO; ef, Urech, B. 6, 
1115). 'It is pwh^ one of the products formed 
mixture of ammcPila and alcohol- 
vmpov over red-hot iron (Monari, O.H.96,105). 
Monodinio ne»dle% (from ether) ; a:M 
-1*0660:1*847 ; 6- 70^ 31'; m. solsJcohol and 
ether, si soL wateis^ Beadilv sublimes. When 
heated with dilute HOI it yiddy «-imido-dipro- 
j^coleadd. li^th AgNO, i^ves on warming a 


jg. ol ^ A gCy. Aque<y»K( 


I no action in 
da'iwnMing it gives MH, and aldehyde. 
B'HCT: wbiis mystaOine powder, igsoL ether, 
deedrapos^ water iiflo Hd and the free 
nitrile.^RitrSBaBfine NO.N(CHMe.ON), : 
pale yelow oil, heavier than water, sol. aloonol 
qn8 ether. 

6-lmlia4iprepisBleaei4frH(OH|.OHrOOt^« 
Obtained, toiythfTwith acid^ 

by h^dt^^wdonkad?^^ 

JL Uvmr, i, 0, 1904. who couM not 

aitaia It), fifynqx whieh slowiy otTstaUises. 

very Smto tab]ea.-A^"t pp.-6 
selnbleeiystalA 


BI.lMIhO.BXIOBOiM Q,H,(0H),< 

# 

Formed by oxidation of di-amido-iasorein with 
Fe.0L, Ktd.O, or evosure (#lhe alltalina fbhi« 
tl(»i to the iw (Typhe, B. 16, 566). SmiA 
mangles^ Insol. water. Hissolves in a^eous 
HOI to a\agenta-red solmion, in strong Ht804 
to a*violet Vdcftfbn. By Bn and Hd it is re- , 
duced agmn to di-smido-resoroin. 

UCll^TlS 


Bl-IiCfBO-TlBEFHTHALIO AOIB. Tsfra- 

\CH(CO^.O(NH)>' 
acid ii‘ obtained Iff saponifying its ether with 


This 


^9% fUAUlVD* 4M«V5e 

ordinary Solvents. J^ordTs a ooloulless bydiro- 
ehloride B'H,01„ orysti^ising inflates. In its 
colourless derivatives the aom has become the 
desmotropio di-amido-ftrephthalio acid 


.■IKnXt-Sl-m-TOLtnO AOIF 
[1:S] CA(00^).CHrNH.CBLC^,fpO,H) [1:8]. 
[above 800®]. Formed by reduotio^of the acid 
C,H,(COaH).0(¥H).8.C/]4H).0,H,(C0,H) (from 
m-cyano-benioio acid^nd H^) with sine and 
HOI Crystalline. V. sol. alcohol, ether, bens- 
I ene, and 03. *^ si. sol. hot water. Sublimable. 
UltabharftoteAstio zinc-salt i%v. sol. water, aloo- 
bef, ether, benzene, and OS, (Brbmme, B, 20, 
629). » 

IMIB0.BI.I80.VAlJd0]riTXlLS p„H„N, 
U, NH(OHPr.CN)r [62®]. Formed, l^ether^ 
with a-amido-isovaleronitrile and oxy-isovalero- 
nitrile by treating isobutyrio aldehyde-ammonia 
(26 g.) with (30 g. of) a 80 p.o. solution of HOy 
in the cold. The product is shaken with dilute 
(6 p.0.) HClAq (200 g.) and ether. The ethereal 
solution i% £ried over calcium ^orid^ and 
saturated with HGl, erbexeupon the hydro- 
chloride of imido-di-isovaleroilitrile separ^es 
(Lipp, A. 205, 1 ; B. 18, 906). The liydk>- 
ohloride is decomposed by NH^A^ and the free 
nitrile Ixtrscted by ether, which leaves it on 
evaporation as an ofl, slowly orystallisihg over 
LHBOf. Monoolinio prisms ; v. si. sol. ypter, v^ 

I sol. iUc#ol and ether. — ^B'HOL Insol. water, 
w^oh removes its HCL 

1MDIS8. Ooo^ands of divalent hydrocar- 
bon radidee with mridogen, i.y. 

BE. 

14 . * 

H,T Peueedanit^ 

inWbe TC^ot maeterwoft ^ 

UmndraUiriaOtt^hiM^^ togemwwith terpei^ • 
(nr-aSO®) (Wackearoder a. Wagner, /. 1864, 
688) ; and aUb in the root of PbucsciiifiiMi 
Bothe, /. w.46, 
871 ; Heut, A. 176, 71). ifc be exb«^ from 
the xodd 

reeTystsUisedfromsthsr-Uffofitt. 

sixSidedfTMrf»ffif»* h 

Weidel (A: l2p69f»tt melto for t^ 

A®, and aflilwi^ si 75*. IhioL water ;,v. ll 

soLooM, v.Bd.hoi,alflohbl|foLfl^. amt 
HKO, gives ^sHiBABq^rslorfai, 
mi tei«ltio*feiot^er 





HC^Aq into M^GI and orosJon^poonds Jb which the oi^mophcar ll bydtoljl 
L Boiling ueobohc KOH giifes fonnioAbeing temed 

id broselone. % A Indaminei are formed by the oxidiiioo ol a 

i ^ ^ « mixture of a jp-diamine witih an amine in whkK 


' Kltro-lmperatorln, so-oalle^ C,jH„NO,? 
rabbve 100®]. Hates (from alcohol). Conferted 
by heating in gaseoi^ NH, into CjjH.jNjQ,, 
wiuoh crystallises from alcohol ijp tnmetrio 
prisms, reoonverte#by acids into * nJ&o-impera* 
ferin.’ • e* jr - 

IMPiraiAlINE 0,.H„N0,?^4®1. [a]x,=.* 
— 85’4® (in chloroform). Occurs in the bulbs 
of Fritillaria imperialis. Extracted from the 
bulb% bi^ rubbing up with^Ume, drymg at 100®, 
and exhausting with hot chloroforilh. The ex- 
tract is shaken with water a^dified witiai^rtario 
acid, the alkaloid ppd. Irom the ^nc8n^rated 
aqueous solution by Na^CO,, washed, and re- 
cryste^sed from ala^d (Fragner, B. 21, 3284). 
Vbe yiel4 is ffdP Short colourless needles, 
turning yellw at 24(^.*V. e. sol. chloroform ; 
m. sol. hot a^hol ; sHsol. ether, benzene, light 
petroleurf, and isoamyl^alcohol ; v. si. sol. water. 
Its solutions have a bitter taste, and are lasvo- 
rotatory. Solutions of its salts pre pnd. by the 
Usual reagenfl for alkaloids. Gone. turns 
it pale-yellow. A mixture of the base wth sugar 
is turned dby H^SO^ yellowish-green, pale-green, 
flesh-colour, cherry-md, and dq^k violet succes- 
iively. H,SO, and KwO^give a» orange-yellow 
“ dour. A solution of the base in HClAq is 
lorescent, and becomes brownish -green when 
armed.-— B'HCl; large ory8tal8*(lron*alcofeolii 
[Cl); V. sol. water and alcohol.— B'jH.jPgll, ; 
sllowish-red crystals (from hot dilute HClAq).— 
I'HAuOl^ ; yellow crystals. The aurochloride 
nd plhtinochloride are both ppd. in oily drops 
rhen^ther is added to their hot alcoholic solu- 
ms, but after washing with ether they may bo 
rstallised from hot dilute HCl. Thesulphate 
very hygroscopic. Th e o x a 1 a t e crystallises 
ly from very concentrated solutions. 
IKACT08E. According to Maumen6 {Bl. [2] 

I, i652 ; 48, 773) thip inactive sugar may be 
med by dissolving silver nitrate (20 g.) in a 
[ation of cane-sugar .(20 g.) in water (100 c.o.) ; 
er 24 hour% the solution becomes dark-brown, 
id it is then heated to 100®, filtered, aAd evapo- 
itedon a wat&r-bath. The residue is heated to 
40®, dissolved in water, and filtered. To frep 
lie sflfhtion from silver it is treated w^h a little 
and filtered; the sugar is then ppd. by 
loohol. Inactive syrup. Its solution readily 
IsBolves lime. 

INCENSE V. CoNiuENE, Ioaoxn, and Ou- 
Mruv. • 

[ iNEAHINEfl. Colouring matters, the chromo- 
ID of which bk the general fogmula 

is an Ihomatio nucleus, 

e pitrogen atoms ocoupqring the para- ponition 
one anotMbr, and a hydiooarbon radicle 
ipally aromatic) . The oolourin j'batters tbem- 
Ites deriv^#by the introduction of a 
#vlou8 or ohlorois ^up into one of the hydro- 
Ifbon radicles (usually The indamines may 
Ifijrefortbe represipted as deriv^ ffNu thfl(un- , 

ibM)ai-imideo!q8inont%.^<^]^>, Tbkb 
Ixobftbly the thie ohromogen. In the ind* 
the ohromophor is amidogeu or 


• /NM 

c«h/ I 
\n.C 


thtpositionparo- to an amidogen is ooeOpiedby 
hydroran. Thus a mixture of tolylene^-dlaniine 
and o^luidiiie reacts thus : 

C,H,Me(NH,),-t- CAMe(NHj) + O, 

.NH 

* ^ . +2H,0 

.C,H,Me(NH,) 

(Nietzki, B, 10, 1167; Nidtzki a. Otto, B. 81, 
V36). In this reaction weOmay- suppose that 
the tolylene-p-diamine is first oxidised to tblu- 

quinone^ dkimide C;H,Me^ | and that t^e m 

Unstable substance then reacts upon the o- 
toluidine. • 

The indamine hydrochloride 
• .NHjOi 

^•^*\N.o;a,Alife, 

obtained by the oxidation of a mixture of ^ 
phenylene-diamine with di-methyl-aniline is 
different from the indamine hydrochloride 
.NMe,Cl 

obtained by oxidising a mix- 

:,NH, 

ture of 3i-methyl-p-phenylene diamine with 
aniline. 

The red dye obtained by oxidising di-methyl- 
p-phenylene-diamine with bromine in HOAo 
(Wurster, B. 12, 2072) is also a derivative of 

ym 

quinone di-imide : CgHZ |a , and reacts 
\NMe^r 

with amines forming indammes, and with 
phenols forming indophenft. 

Nitroso-di-methyl-aniline and quinone ohlor- 
imide also leact with amines and phenols forming 
indamines and indophenols respectively; thus, 
nitroso-dimethylaniline hydrochloride acts upfln 
m-tolylene diamine* forming tolylene-blue (]^itt, 

B. 12. 938): 

/NMe,Cl ^ ^ \ 

=»0,H4^ I • +H3O, while with 

\N.C4H^(NH,), . 

gallic acid it fogns gallocyanin^ 

yNMe^Cl t • 

I \n.C,H(OH),.COJ^ 

In the last reaction the hydrogen represented* 
as liberated is in resBty employed in reducing 
another portion of the nttro^diimethyl-aniline 
(Nietzki atOttoT B. 21, 1740). 1W/3)-ninhthol 
violet obtained by Meldola (C^J. 87) V th* 

action offlitroso-di-methyt-aniline upon (^)-naph- 
thol may also be represented as an iimoii^enol 
^NMejCl • 

perhaps as containing 

^ • jnfa,a 

twes atoms of hydrogen less r OaH,< i . 

! \s.0jte. 


emid^fjiett, t^ ooitespondtog oom^A similar violet dye may be o^taip^ 


<M 





liroAMiKiiS. 

bolio •dnto 0l (w-iwphttol . /?*noea to taaMint by iottun-UulnBi. 

+ g +SHClfj ““ 

I O y ’ I 

y-Ajmdo-phoiqrl.piporidlno • t | W.,0|H,Bf< 

SH,.O.H,N<g|^.g|>CH, react, like p- 
wnido-di-methyl-aniUne in the iotmuikonotinA- 
amines (Lellmann a. •Geller, B» 21, 2287). 

Thus, if to a cold heutral solution of p-amido- 
phenyl-piperidlne Iwdroohlonde and ^ 
ene-cUamine KydrShloride Uere be added tho 
calculated quantity of a solution of KjCrjO,, 


.oFonned by dissolving 


there is formed ^deep-blue solution, fjom Yhich 
• the colouring m^r may be ppd. by ztoo chloride 


as a brown powdbt. . . - j 

The derivatives of imido*di-p^nyl sulphide ^ 
may be represented as indamines; thus, in 
yHH (, 

Lauth'. Tidet, I » . ‘h® 

rial properties nied* not be connected with the 
presence of sulphur. The sulphur in Lauth s 
violet is represented by oxygen in gallocyanme 
and ii (/9).naphthol violet. 

XITDAZINB 0,H,0j i.e, ^NH. 

IndazoU. ri46*6°]. (270®) at 743 mm. Formed 
by heating hydrazido-oinnamic acid, when it 
splits up into acetic acid and mdazine 
^ *OA(NH.NH^).CH:CH.COaH 
- + CH,COaH 

(Fischer a. Kuzel, i. 221, 280). Formed also by 

heating sulpho-o-hyirazido-cinnamio wid mth 

00 * 0 . HClAq at 10(F (Fischer a. Tafel, A. 227, 
809). Slender needles. May be sublimed or 
distilled. Bl. sol. cold water or alkalis, v. sol. hot 
water, alcohol, and ether. Sol. dilute HCl. Gives 
off, when hot, an odour reseipbling resorcin 
7!Vith HOI and NaNO, in the cold it foiros 
yellow crystals of a nitrowmine, which gives 
Liebermann’s reaction. 1^ does not reduce boil- 
ing Fehling’s solution.^ It ppts. several metallio 
salts. Its hydrochloride separates from alco- 
hol-etheri in brownish crystaii. Its s u 1 p h a t e 
forme colourless nodules. The-piorate orys- 
ta h i ffo" in yello^ neqdles. Indazine is ^ much 

stremger base ttian dindole 
and resists oxidationjuore powerfull/. 

Nitroiamine ^N.NO 

BmaU yellow benzehe). 

qAB^g“>N|r. [124«]. 

Obtuned brf hMtBg \Tomo-m4a.me 

tcid wife » bttge quanti^ of water at 200 . 

Goloorle|s needles, si. sol. cold, m. sol, hot, 

^^*W-b»mb-i*dasiae 0,n;St^r P40®]. Ob- 
tained by eaturating the warm a^eous solution * 
Of bcximo-indazine ^«h bromine. Pomed also 
by hrominating indsline or mdazine hydrochlor- 
rae in aimeous solution, and by treati^ bromo-^ 

kAiil irith bmxii&6*Wftt6I« 


bromo-ind^l-aMtio acid if glaOial HOAo, 
luting som^^iiftfcAboilinl with gr^ual sM- 
tion of chreanio aow .(Fischer a. Tafel, .A. 227, 
303). Small yellowi^ needles, .v. liol. alkalis, 
and alkaline carbona^s, almpst insol. water qnd 

HClAq. e * „ ‘ ^ ^ d A 

Bc/erences.— Ethyl-, MaTHiL-WHilf, anci 

EtHYP^AZINB. e , . 

Iie-lndarflae. ThiPterm is given by Fischer 
and Tafel to 0 

derivatives® of which< havV w^-j dftMc d (t 
Ethvl-4''IN»aztl-aoetio Dral i ii i ii-y-ni. 

DAZINB, knd. MlETHYL-BTm-4'T5N»““V‘. 

INDAZYL-ACETIC AXJIB 0»H.K,O, M. 
.OHrCO,H 

. [170°]. Formed by 

warming sodium-v.sulpho-dia|pr^fiaio acid 

(which may bo .. 


with HCl (Fischer a. Tafel, A. 227, 808). Bre- 
pared by dissqlgmg o-hydrazido-cinnamio acia 
C'H,tNH.^^H5.0H:CH:CO^ ^ alkaUs, and 
Bhal;mg with air until It no longer reduces 
Fehling’s solution. . The acid is then ppd. by 
HCL ^ • 

PrMwrfies.— Slender, yellowish needles, v. e, 
sol. alcohol, aoetio acid, acetone, and hot water, 
m. sol. ether; y. si. sol. -chloroform, benzene, and 
ligroin. Dissolves in alkalis and in “in^ 
acids. On distillation it is split up- into COj 
and methyl-indazine. It is completely decogi. 
posed by oxfdising agents. * 

Salt.— CuA', 2aq : pfle grfeen slimy pp., m. 
sol. hot water. Crystallises from hot alooh^ 
slender ^een needles. 


im 


ide in aijuequs solution, anu oy 1 « imosABMWW. 

indwi^ca^xylio hoid With bromme-water.L% IHDEHF v* Ihdosafbxbw 


Nitrosamine • 

« 'N' tte 

Formed adding a 4 p.o. solution of fodiUB 
nitrite to a very dilute solution of indazyha^< 
acid in aqueous HjSO, in the ooli GoldeU' 
yellow needles. Insol. water and 
sol. ether,.ohloroform, alcohol, HOAo, autahs 
and warm EtOAo. Beduoed by zinc-dust w( 
HOAc to indazyl-acetio aoicL It appears to 
in tw« modifications, one^ which deoonmosei 
at 90° with evolufon of ga^t Mlliout niei^ 
while the other, which is obtainea by otystautia 

^ .CO,H 




1^®]. Formed bj 


C,H;Bp__ 

r to a tolntion ot^dazyl 
acotiTaoid fagdauliHOlA. Nearly oolwlg 
needles (from HOAo), ▼. sol. alcohol apd HOAI 
sL sol., hot water. 




blue, In^ 
(Som^ 

,^pitfti|l.k c^urring as 

{Indiean) in yanons species 
3 | i^^ndigofera Anilt indigofera 

\M ip. other plants, m. Po^gonum 
tmgtonmmt I$(Ui8 tinctoria^ &o. Corttaaeroial 
olitain from the joioe of the iiii^golera 
vb^&mentotion, forms ooweTy blue lumps, and 
a^ut 50 indijio, together 

iMindinid^in,fiki^alm?fe(lirectm, indiglucin, 
dto* 

Eistqnf.'-^lj^itgo wus probably o:4e of the 
MUrliest Inowmolouring matters, for its amploy- 
[ Bionl date%baok to the most ancient times. The 
Bsrptblli mummy bases were certainly ^th 
and U has been employed in ^dia for 
many thoosm^ds of years (Gerardin, Jown. ds 
^ Chm^ML 1888, 824). Jt waa well teown to the 


znanijtmn aa« wyes hww-wjbi. 
aiass tldki H ■ho’ua bum with a purple flame 
when thrown on to glowing charcoal.* I» thos 
Middle Ages indigdwas used for dyeing and paint* I 
iug, but only to a small extent, and so little was 
known anout it that it was generally believed to 
be a mifleral. hkom the commencement of the 


«**•» wobd {Isatia tinctoria) 
great quantities in various parts of 
SdfOl^, OgMally in ThUringen, and largely 
e4i|iloyM'^^hlue dyeing (called Persi^blue), 
Tha impoitation pi inj^go frpm India, which 
hmci the sixteenth cental rapidly increased, in 
«te^ol mnoh protective legislatioh soon re* 
the woa^indigo, until at the present time 
woad ia anlj^md^s an adjunct to the indigo 
vat in ordn to start the fewnentation. The pre- 
sent ams^ production of indigo is estiuated as 
%bont8i800 tons Ivriue 4,000,000i.) of which 
6,100 tons are produced in India, l, 10 Q 2 ton 8 in 
and 1,000 tons in China and other 
ponntries* * 

UaMifadwrtof wnm^rM 
l|ndigoiera. Aa carried out in India the pro* 
hiesi is performed as follows: th'^ out plants 
are A^st steeped' in water, where t^y ferment 
witil ev^ntiMI^ C^the yellow liquor is dhen 
inmoff intoiffibthes vat, where it is vigorously 
mined with aif by means pf long stirrero By 
t|iis mea?** 8 he lenoindigo (in(^o*white) con* 
taiaedinthe sblntion is o%psedflmd the indigo 
ganaTStss out as acblae sonm which Anally settles 
ip ^ bottom, supernatant liqtunr is then 
‘ttoinway, and the indigo is boiled with water for 
-“ 7 esalM(«rs,jpre^, and dried. Jge foma- 
topf Istidnmgo itoto <lP ^opsidri^oan, 
i to present in the ^ant, u efleotm by^ 
yjL bi^tls, whidh to strongly pathogenic 
iddeiMily tossmbtes the bacilli of pneua — •* 
Id dttoosqlsecinn (B. Alvuean^. B. 105, 

It 


Ft6toP%0A.(t; W'll^ 

1 maccial indigo,} (a).Ftoe]y.p6f^0'^ ^ 
(18(b g.) and ^qcose (125 are covered 
hot 1B p.o. in s flask of 6 Utres 

the flai$I^MHv with hot>Bpirit iSid 
to stan^ The. clear liqnor is then decanted off 
and left exposed to the 1 ^, when toe leu^digo 
(indigo* white)tt contains ia reo^dis^to indim* 
'hme, which separates in small glistening needlsB. 
This is washed with* alcohol, wrateV, and finally 
with HOI, and is then sublimed pnder 80-40 mm. 
pressure (Fritzsche, A. 44, 290 ; Sommaruga, A. 
196, 306).— (6) Boiling water (160 pts.) to poured 
on a mixt^Jl^ of finely-powderw cmde indigo 
(1 pt.) and slacked lime (2 pU^). Ferrous sul- 
phate ( 1 ^ pts.) is then added, a^d the mtotiue 
is-kept warm l9c several hours with exelnsion of 
air. The alkaline solution of leuoindigo to run 
into diluted HOI, by wh^h it is precipitated, and 
by exposure to air is olidisea to indigo.— ( 0 ) In 
place of glucose or ferrous sulphate the reduo* 
tio% can be conveniently effected with alcohol 
and sodium stannite (SnCl^ and excess of NaOH) 
(Schunck, Z. 1866, 671). ^ 

2. Syntl?etically: (o) Together with 
rubin by reduction of isatin chloride (from isatin 
and PCI 5 ) with ammonium sulphide or with HI or 
zinc-dust and acetic acid . The indirubin to removed 
by extraction with alcohol (Baejer, B. 11, 1297 ; 
12, 466).— (6) Oinnamio acid C^j.OHtOBLOO^ 
is converted into its ether by meaits of alcohol 
and sulphuric acid. This is nitrated at a low tem- 
perature with the theoretical- quantity of HNO, 
mixed with H^SO,. The product is a mixture of 
about equal quantities of 0 and p-nitro-cinnamio 
ethers C,H 4 {N 02 ) 0 H:CH. 00 ^t from which the 

in norinvofa/] mAnna nf Hr ffreater 


orffto- ether is separated by means of its greater 
solubility in alcohol. The ortho^- ether to then 
converted into the acid by warming with oono. 
H-SO,, dried and converted into the dibromide 
0 ^ 4 (NO,).CHBr.CHBr.COjH [1:23 by treatment 
■wito an equivalent quantity of bronune. By 
leaving the dibromid^ ft contact wito odno. 
NaOH the sodium salt^p^itro-phenyl-proHOlio 
acid C,H 4 (NOj).CjC.C(m to formed from which 
the free acid is precipitated by the addition of 
4S0„ and is filtered off and wyhed. The 
o-nitro*phenyl-pr( 5 «olio acid (2 pts.) sospe^ed 
in cold water (1 pt.) to neutralised wfth pAas* 
siulu carbonate (1 pt.), an<f then clfirefully nwed 
with potassium xanthate (2 pt|.). On allowing 
the mixture to dry at the ordinary temperature 
■indigo is slowly formed f*^yer, B. 18, 2260; 
E.P. 1880, 117j ; 0, C. 1882,866). The o-nitro- 
phenyl-propiolio acid can alro be converted into 
indigo by boding its sedition wj^ glucose an 6 
sodium oarbonato (Baeyer) of^lpff glucose 
potassium »>yanide (Michael, 

( 0 ) By adding NaOff (8 cpt 8 .) dlwiSWed in eold 
water (186 pts.) to a solntion ot^-nitro-benaaldw 
hyde (10 pts.) in acetone (16 pts.). The*itoarii^ 
tion of toe inmgo to complete in two or three daya 
A better yield is Stained by previouily pv# 



iHDm 


S oal Tolome o! water. The KaOH PQ^tion Is 
ded until the .mixtnai ts slightlj alkaline and 
a traoe of indt^ begins to be fotmed ; the aoe-, 
toi^eis then distilled off and^e oondensatm 
wbductisleft. The latter is converted into indi^ 
by dissolving it wi£iont purification in ab^t 
250 pts. of boiling water, cooling and adding 
KaOH. The yield upon the o-niWo-benzalde- 
hyde is 76 p.o. of the theoretical (Baeyer a. 
Drewsen, B, 16, 2866 ; Eng, Pat 1881. 1266). 
Syntheses.^l, By warming Isa^ ^ 

0^i<^^0(0H) with POl,, phosphorns, and 

some acetyl chloridS at 70°-^** (Bae;|rer a. Em- 
merling, B. 8; 616). Isatin (^.o.) is formed 
synthetically by oxidation of amido-oxilidole 

, (B«w B. ivn!j28), by 

^ reduction of o-nitro-phenyl-glyoxylic acid from 
o-nitro-benzoio add (Olaisen a. Shr.dwell, B. 
860), or by boiling a solution of o-nitro-phenyl- 
propiolic add with alkalis (Baeyer, B. 18, 2269). 

2. Together wi^indil^in, by adding zinc- 
dust or HI to an acetic acid solution of isatin 

ehloride 0«H4^^^CC1, formed *lrom isatin 

and PCa* (Baeyer, B. 11, 1297 ; 12, 467). 

By the action of ammonium sulphide upon 
isatin cUoride, upon ^'-isatoxim 

0,H4^^]^0(K0H), ox upon isatin ethyl ether 
OA<^^0(OB^ (Baeyer, B, 16, 2093; 16, 


2203). 


4. By the action of air or Fed, upon indoxyl 
indoxyl-sulphurio 

(Btnnuum . Tie- 

mann, B. 12, 1098). 

*6. In small quantity b^, oxidation of indole 
ozone (Nencki, B. 8, 727). 

^ 6. By the action of reducing agents such as 

glucose, lactose, sulphides or xanthates upon 
o-nit(^phen^l-propiolio«dd in alkaline solution, 
the yield being a^ut 40 of the * propiolic 
acid’: ^ 

qpH^O^O.CO,H + 2E^ 
Aafi^^t(ft+2CO,+2BsO («. fupni; Baeyer, < 
. B. 13, 2260J. • 

7. c^.In ipiall quantity by Seating o-nitro- 

phenyl'dxyacr;^'c acid .> 

OAtNO,).C(OH);CH.CK),H by itsell or with 
phenol or acetic add (Baeyer, B. 18, 2263). 

8. Indoxyl indoxylic 

*aeid C,H4<[^^0^^O.CO,H, or ethyl-indoxylio 

acid xendily give indigo 

on pxlilatioiKW4^ Ct^l,, <kc. orSy atmo- 
Sjphm oxidation q 9 the nlodine solotionwlndox- 
vlie audfs obtained from its ethyl ether, which 
isfometlby the aotion of alkalineredudngagents 

JS-J.oojst 

Bpo| liatogyilc ye • Ind^ 

oxjl ds obtalhad 1$ heating indoxylic acid 

(Baiter, B* i4||.X74^i Ogrmn Baknt 17|666). 


ahtixtiueot i 

jylic ^d edtiTo-nltro-phMU 
i^and Na,CQ, (Baeyer, B. Id 1T48). f 

10. ^Oiisatogen Q— Q Q-«-Q 

JO.jO.O.q* 

foraedfroa*the isom^cdi-o#itro-dl-phenyl-di* 
acetylene by treat- 

mbntwith fwn|his^B04, is readily oonvertedinto 
mdigo by reducmn witii ammomnoteJiulphide, 
tdinc-dusi atfd alkalis, glucose and alkaus, dto. 
With amm^nm sulphide in the cold thebujSljDO- 
tion takesplaoe quant^tively. The di-o-mffM- 
phenyl-diMetylene is obtained by oxidation with 
potassium ferrieyanide of the cuprous coihponnd 
of o-ffitfo-phenyl-aoetylene C,H4(NOJ.0iCIH 
which is fon^d byboilixi^ Mosous solution of o* 
nitro-phenyl-propioliOr^\>u^4(]^OJjPtO-OOgH 
(Baeyer a. Landsberg, B, 16, 63 ; (?. F. 19,266). 

11. By aotion of dilottf alkalis upon a 
mixture pf o-nitro-benzaldbhyde (hB4(NO,}CI£EO 
with acetone, pyruvic ao(|d, aldehyd^ or ao^ 
phenone. Acetone and pyravic aoid*mve tHe 
best yields. Il these reactions aldol-luce oon- 
densatioi^roducts are first formed 6bid axe con- 
verted into indigo by the further action of the 
alkali. Thus under the influence ef a small 
quanti^ of alkali, o-nitrobe^aldehyde with acet- 
one gives o-u\tro-j8-j)k0n^-d*oxy-ethyJ-methyl 
ketoi^ QA(NO,).OH(OH).0£LGO.O£C: whilst 
Wjitha^dehyaeq-mtro-benzoio aldehyde appears to 
fbrctJo-nitro-J^phenyl-d-oxy-prv pionic aldehyde 
C4H4(NOJ.OH(OH).OHrOHO, with pyruvic acid 
o-nitro-3-phenylw3-oxy-propionyl-formo * acid 
C,H4(N0j.CH(0m.0H,.C0.00aa By •treat- 
ment with a rartner quantity m an ^ali all 
these condensation products yield indigo, 
whilst acetic, formic, or oxalic acid is split afft 
thus : 2C,H4(NOJ.OH(OH).OH-CO.CH, + 2H,0 
= 0„H,oN,0, + 2CH,.GO,H + 2H,0 (Baeyer a. * 
Drewsen, B. 16, 2866 ; E. P. 1882, 1266). 

12. ^ the aotion of aqueous alkalis upon 

O'uitro-oinnamoyl- formic^’ acidr (o-nitro-smyl- 
glyoxylio acid) 0,H4(NO,).CH:GH.CO.CO,H, ob\ 
tained by saturating a mixture of o*nitro-b^- 
aldehyde ^d pyruvic acid with ^seoos hyuric 
chloride atl0°; 2G,H4gIO,).GH:GB^5a.OO,H- 
G„H„N.Q.<f 2GH,.COaH (Baeyer a. ^Blbween, 
B. 16, 2862). • I 

18. o-Nitro-benzylidene-aoetone 
G,H.(NO^.GH:CH.GO.CH, which is obtaM 
by nitration of benzylidene-aoeton^ or by heap 
ing o-nitro-iS*phenyl-)8-oxy-ethyl methyl kebone 
G,H4(NOJ.OH(OH).GH,.OO.CH, with aoetio an- 
hydride, gives indigo by treatment with alodidlio ^ 
|[OH, precipBating with an acidi and then boil- 
ing ^h waftr or aqueoaf^aUiBlIik^ha yield 
is smiSl (Meister, LuoiuB, a-Hnnidf^. P, 1882, 
1463; ^yer a. Drewsen, B. 16, 2866). 

14. By heating the lastweof o-nitra-d-phenyl- 
6-ozy-prqpionio^d with water ar aiiiiie a^ 
(£iDhom,B.16,2212).^ 

16. By bromination or ahlc^ation gi aeeiyl- 
o-amido-aeetophenone OJS4(N£LAc)<GO.OSp at , 
of aoetyl-o-amido-rihenyl-apMylene a , \ 
‘ ^ and (i W fifft- 

annontiM 


G,H4(KHAetiC>CH» 

^erivatiees areVbiaiMi. Thaii 
by'Bone. HJ80. (10 to 20 pta.) into ints H Pidto 
p^ncts, whi^ give indigo on diasolite in 
aqueous alhalif qnd exposure fp jtif « . 



ctiaoo. 




r iilitdmdi^vndad intbiiiJL ot ahlofliM, BNO» tetk Mlti, ito.. eonnrttt 


' 16. By tha aotion ot ammoninm gnlphida 
[pon thtaao-inilhD* oy di-^orb- (qtr bromo-) nitro- 
«bt6pbiiKma («.p. OtOktVOAOO.OHOU), fbmaed 
ly amoriaatiou or bron^atioa of o jitro-adRo- 
^oone ^QewAot^, B. 15, 2084^^ 221, 831 ; 

addition to th^ above Bynfi#| 
hati^methoda indigo isfirodnceda 1. From its 
indioan by the ^tioH of ft^d air, 
y FeC^,or by fermentation ander€he ^nence 
I a spaoial mioxobe (SohnnoF, J. 1655, 660; 
.857, ; 1858, 465 ; C. N. 97, 228 ;*86, 129 ; 

iehnnob a.‘ B5mer^^t| 2311).--2. The potas- 
ihm saljysf i»doz^W|torio aem, incorrectly 
laUed * Indican,' is a normal constituent of the 
nine of animalt, being formed in*^e organism 

y theoxida&n of indole 

rhioh is a decomposition product of proteids. 
ndoxyl-snlnhurio acid, is readily qiidised to 
ndigo by FeCl,, <fto., and updbr certain condi« 
ions is converted into indigo in the urine 
Schunok%. Hoppe>Seyler, Arch. Pathol. Anat. 

h ” 


17, 31 
3rieger,'' 


18, 291 ; Baumann a. 
f, Pf. 8j«i48 ; Baumann 


i. Tfemann, B. 12, 1098, 1192 ^3, 408 ; Mlchai- 
ow, B. 20, 605 B. 1887, 8* j»Weber,*J|. ». 
J71 ; Baeyer, B. 12, 1600).— 3. By oxidation of 
enoindigo (indigo*white) by air, t&c. This re* 
Mtioi^ performed npon tne fibre forms the usual 
nethod of dyeihg indigo. 

Pore indigo begins to sublime 
It 170® (Sohonok, 0. 37, 617), fonmng a 

purple-red vapour and condensing to diohroio 
plates belonging to tiie rhombic system, aibio 
- •7883:1: ;7266, o-76® 80', 8-108°. Under 
S0-80mm. pressure it sublimes ^t^out any 
lepomposition, pnd tbi vapour density has been 
ialen under these condiUons by Sommaruga 
[A, 195, 312), and found to correspond to the 
iofciula Inaol. water, alc^ol, ether ; 

dilute aoiai^ or aMutlis. Y. si. sol. hot alcohol, 
amyl alothol, acetone, or turpentine. 81. sot 
chloroform or acetic acid, V. sol. h®l aniline, 
uitrobenaene, or phenol; from the latter sol* 
vents it orystallises on cooling (Stokvjg, J. 1868, 
169 ; Wartha, B. 4, 834; Jacobsen a. Mehu, J. 
1872, 682). "feoL cone. HjSO, without alteration 
to i yellowish-green solution, which exhibits a 
oharaoteiistio absorption spectrum between the 
D and d lines (jrogd, B. 11, 1364]L The H,SO, 
Solution by long standing or on waxluinp becomes 
bine fromtenatipPof mdigb-sulphonio %oids. 

BsoctfonStlTDigtilled with KOH it yields 
aniUne (Fritssohe, A. 89/76). # 

2. lidllsolves in boiling aAwus KOH (S.G. 
M6) to a yellow solution oPisatio acid and 
lancwdigo (indlft-whlte) ; 80|^i,N^**f4H,0 


anthraniUc acid 

.:2J is formed Hettinger, B. 



iBJOO,HJl:3r is formed L . 

) ; by hetfilu wi^K^l^m® Oahon^ 
. [8j 18, 118) obWed sanoylio acid. ^ 


U. Ck! [8] 18, 118) obtelned saBoyuo aoia. . 

^ 4 : By foiling Yith KOH and MnO, it yields 
IfnthBpdlin and formic acids ^fittinger) 


5)1 Ozidis^g agents, such as florins, oxidesj dissolving indigo. 


« 6. By damp ohlorine It is ConveiM into 
ohlorisatin, diohlorisatin, itiiohloraniline, an4 
triidilorophei^l. Bromine aats in the swe way 
(Erdmann, 19, 830). • 

7. ^ith HbO, it yields in succession isatin» 
nxtrosalioylio acid, and finally piorio acid. 

8. Allkdlne reduoizm agents, such as FeSOi 
and NaOH, ^ucose and NaOH, SnCl, and KaOH, 
convert it into leuoindigo (indigo>white) 

0 „H„N, 0 .- • • ' . 

9. By heating with aqueous. sodium hydro- 
snlpMte NajSOi and excess of KaOH at 180®, 

faddinj 

rand, B. 12, 2155). This b(K[y is also obtained, 
l^y heating leuoindigo (indigo-white) with zinc- 
dust and aqueous barium hydrate %t 180®. 

10. By heating with an excess of saturated 
HI, hydrocarbons aj^ NHf are produced (BeXf 
thelot, Bl. [21 9, 189). 

11. Unaltered by long boiling with oono. 
a|neouB NH, (Liubawin, J. B. 15, 17). 

12. By digestion of indigo with oono. H^SO^ 
or wi^ slightly fuming H^SO, a mono-sulpheiaiio 
acid ‘ 0 ,,^NjO 2 (SO,H) (phcenioine-sulphurio 
acid) and a di-sulphonio acid G„H,N,Oi(SOaH), 
(sulphindigotic acid) are formed. 

13. By reduction to leuoindigo (indigo-white) 
and distiUation with zino-dusf it gives a mixture 

of indole and soatole 

C,H.<^|*>CH (Baeyer, »18, M89). 

Detection of indigo on fahrice. * • 

(W. Lenz, Fr. 26, 636; Prior, d. AndL 
Chem. 13, 193, 1884 j • 

1. A drop of nitrlb aoid gives a bright-yellow 
spot. 

2. When indigo alone is present the following^ 
reactions should be given t alcohol extracts no 
colour even on gentle v^urming. Cold saturated 
oxalic acid and bor^ solutions, 10 p.c. alam so- 
lution, and 33 p.o. azmo2ium molybdate solution, 
removes no colour own g)n boilifig. Stannous «id 

Lferrio chloride destroy the ooloigM^ix warminc. 
Glacial acetic soid dissolves all the oolom on re- 
peated boiling, Md after mixiu^the solution with 
ether and water^e aqueous layer is of^oucldbsand 
nt>t coloured by strong hy^ochli^o aoid. When 
the indig<f may be accompa^d by other colours 
the following methods of tesfi^ may be i^opted 

3. The stuff is warme4..mth an acid i fied 1C 
p.c. Bolutionfof SnCV Prussian Uue remi^fl 
unchanged. Indigo (vat-blue), ind^o-oaiminCi 
and aniline-blue (t»phqfiyl*i^|^i“hie-tr|-8ub 
phonate) are ooftipletely renroydraom the fibroi 
and yiel<bpale“7^o^ solutions, ^^^roo^s ale^ 
removed, fot gives% roee-red soliuimi. 

ing a ^ge excess of hydrogIn peroxide 
solutions the rose-red of logwood is destroyed, 
aniline-blue gives a blue solution, whilst indige 
is not regenerated ^ , 

4. Glacial ^etio aoid dissolveif indigO ftoihl 
fabric. In pi&enci oHog^KM>d th^oou aoiA 
quires a rose-red oolom, wkioh to heatinfiMpassei 
into yellowish-red, and is toofi obscuredty tlit 


Prussiaa blto afid i 
8cl 





?» 


nrtJiGo. 


ommiiMueiioiaiMolTea. On Bailing tJieaoetio I# "S. Bjr wlphonationnndWblMqBrtndJh^ 
Mid Bolotioii with etior, and then adding waten ^of the snlphonic aoidby mewa pi ^ 

until the ether separatesg the indigo is remf^ed/ rioyani^ (Allgren),_ ohlome-wa^^ 
from the aqueous layer, whiCh then in the ^ ^ 

lenoe of logwood shows a feeble reddiah-yePow 
tint If now a few ^rops of oono. HOI are adaed, 
the smallest trace of logwood is ibvealed by the 
< production of a rich colonr in the aqneous 
Uyer. Aniline-bltie obsonzes this reaction. 

In. fabrics: the 5yed staff 
(10 g.) is treated in a flrak with 200 c.e. of a so- 
lution by adding 2 litres of water and 100 
0 . 0 . of milk of Hme^ 100 e^. of a solution of 
5la,SO, prepared from a solution of sodium bi- 
sulphite of 86 ° B. The mixture is heated at 
60°-70°, a stream of coal gas being passed 
through the flasC^ during the reduol^n. When 
^ all the colour ha#iiisappeared, a portioh of the 
o solution is decanted, cooled, its volume measure^ 
the indigo pgecipitated by HCl,**hnd after 12 
hours* stanmng collected on a filter, washed, and 
dried. It is then dh^olv^ with the filter-paper 
,in about 10 c.c. oi nuning^jSO^, and the solu- 
tion titrated by the hydrosulphi/,e (Miiller’s) 
method (v. infra) (Benard, Bl. 47, 41). ^ c 

In commercial indigo: 1. The indigo is 
reduced to lencindigo (indigo-white)^ by glucose 
i^d KaOH in an aqueous alcoholic solution ; the 
dear solution is separated from the insoluble 
impurities, and by oxidation with a stream of 
air the indigo is precipitated and weighed (Rau, 

Atn, 0, J. 7, 16 r Manley, Chem. Centr. 1887, 

606; Romen’fl Jwmal, 1887, 16). This gives 
the vdue in indigo-blue only, as the indirubin 
rmuuns in the alcoholic solution (Rawson, 
flf. O.I.1886t491)/ 

2. By reduction with FeSOg and NaOH and 
Bukf^uent oxidation (Graoe-Oalvert). 

8 . By redaction with sodium hydrosulphite 
KaiSOs and subsequent ox^ation by air. The 
finely powdered indigo (1 g.) is made into a paste 
with water and placed in a flask with 600-600 
nB. 0 . of lime water ; the flask is closed vrith an 
indiarubber stopper bored with four holes, one 
earrying a syphon, another a tap-funnel, the re- 
maining two serve for tl^e ^r^anoe and exit of a 
onrrent of coal gas. The wk\)le is heated at 80°, 
and 100-16 ()hj.o. of sodiijEm hydrosulphite (equi- 
fUent tb"kfi^<%anmoniacm copper sdution con- 
taining 19*04 g. cd CUSO 4 6 aq per litre) is intro- 
dneed. and kept near the boiUi^-point for half 
an h(mrt liter allowing to settle 600 0 . 0 . of tl» 
oleiur liquid areSiphon^ off, oxidise^ by aspi- 
ratbg air throu^^ for 20 mins., an excess of 
added, and the precipitate of indigo and 
fcttdimbin washed ar^ weighed, ^e liquid re- 
jtifpnmj in flask is measured, l&id from it is 
Mlcnlated the combined percentages of indigo 
and indimbin.^ ^rdportion of indirubin is 
Mqnired'the film and nrecipitafe are extracted 
i^eohd^ .which ^sol^s the itdirubin. 
methoa gives very^hood results (lUwson, 

c . 7, 19, 29, 94 ; S. 0. L 1886, 489^. 

4 . Tntodigo is snlphonated and the solution 
ii redncedby a solution of sodiiwn hydrosulphite 
of know! ptrength, the excess o( which is then 
estimated by titra^ with amm;.niacal GuSOf 
(MflnerTjr. 1G74, 1019; ^ Chemutt 6 , 128 ; 

9emtl^n a. Drews, Bri8, 2288 ; Rawson, B. C.I. 

1886 , M). t 


KjOr-O/and hSo, (Penny), or (Mdv). 

The finely powder^ indict (L^) is mixed with 
an equal weignt of g^und glass, and gradnally 
Aim to AO 04 >. of B^nS-G. 1*846) ; Itisihen 
placed foi^hour in a steanabatl; at 90°. The 
sulphuric aSH solution is dSiuted to 1 litre, and 
6b O.O. of ^ v^ed solution is miked with 60 
C.C. of water and 82 g. of KaOl. Sodigun sulph- 
nndigotate iJ^ing almost insoluble in Strong salt 
solution senates, and after two hoursi if col- 
lected, washed with s"'lt solution (S.G. 1*2), Re- 
solved ia hof water, and when cool acidified with 
1 0 . 0 . of fijS 04 , then diluted to 300 c.c., and ti- 
trated wiSh KMnO, per litre). A- small cor- 
rection ( -I- l*f> p.o.) ha8’l5^1^eenade for the sulph- , 
indigotate which remfins in thd^alteeolutionf 
the result givps the combined percentages of in- 
digo and indirubin (Rawsoji, S.*C. J. 1886, 489). 

6. By loss of weight on sublflnation (Lee, 

Am. 0. J. 6, 186). According to Ravvon (!.&) 
this method is not accurate, since the other com- 
pounds pfesent m the crude indigo affect the re- 
sult ; with Tqf erior qualities the result is often 
too high, wSlst in superior qualities it is too 
low. c ® 

7. By spectrum analysis •6g. of the sample 
is sulphonated rnd dilulbd To a litre. ^ This so- 
lution is then further diluted according to its 

in^^ayer of 1 0 . 0 . thickness. I^e coefficient of 
extinction is directly proportional to t^e per- 
centage of pure indigo present (Vierordt ; Wolff, 
Fr. 17, 810 ; 23, 29 ; D. P. J. 258, 266). 

8. By sulphonation and quantitative dyeing 

on wool or silk (Chevreul). ^ 

Dyeing methods. — Indigo-blue is used for 
dyeing sili, wool, and cotton, to which it is ap- 
plied by the following methods : • ^ ^ 

1. By vat-dyeing, i.e. reduction of the indigo 
to leucindigo (indigo-whim) by^eans of some 
reducing agent, steeping the zdaterial in the| 
colourless solution and finally exposing it to toe 
air, by which the leucindigo is oxi to^ to indigo, 
which being insoluble mmains ftrmlylfted in toe 
fibre. Tl^is is the best method of indigo l^^g, 
and gives the fastest colours. Various reduMng 
agents are employed to effect the reduction, and 
of these Oiflerent ‘ vats ’ the following are tbg 
most important : ^ * 

Cold vats (used chiefly for cotton) : a. 
vat, composed of indigo (2 pts.), ferrous sulphate 

i s to 4 pts.), slaked lime (8 to 6 pto.), and water 
200 pts.). bOZinc-dust vat, cor^sed of indigo 
2 pts.), sine-dust (1 pt.), lj»^ (1 P^*)» 

and witter (200 pts.). e. ^ndi%Bu^1mt 0 ^ 
composed of indigo (1 pt.), 2(1 p.o. of lime-m^ 
(1 to W pts.), and toe sodium hyirosulphjte 


d. Tin soil, vat 


seqnently diluted with water. 

(SnCfl. and an alkali) is only used for prating. 
Aritnic ^ an ta onto wa 

, Warm or farmentation Tatt|oD]j,i^ 
tor wool and tillt); «. Wooi twl«eoiBpcM 4 
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madder (J to 5 pte.^ fcrwi (2 to 5 pW?),^d 
K,00, (10 to 16 pta.), end water (4^ pts.)rtti0 
imole being left to^rment for tw^Tf. Soda 
«(it,.oompMed of^digo (10 (60- to 

100 p^), £ treacle (10 to ISm^/ioda oiVstale 
(Ne,OO,10aq) (20 pte.). •Inked liin%(6 pte.), an^ 
water (4,000 pta.), fermented for |wo or three 
dtj0 * For other methods of prepamg vats v. 
CfcppelarOder, D. P. /. 261, 466 ; ^63, 246, 381 ; 
0. S. I. 1884, 618; Collin a. BenoisC 
Patent 30,449 ; S, 0. 1. 1885, 498 j Satuaiiokert, 
JB!nffliihjS^tentl887,7^^. 

Indigo ia ^o appU^^o fabrieiP: 

' 9. Sprinting with a paste of reduced indigo 

and developing4he indigo by expds^e to air. 

8, By planting ^th a paste of ^pdium o> 
Qitro>ph|nyl*propioli^,apdium or zinc xanthate, 
borax^iSd a thickening agent, the colour being 
slowly developed by leaving thb mat*^ at the 
ordinary temperature for two dav^ad. Anil, 
n. Soda-Fabrik, JS. P. 1881, 466 C. I. 1882, 
148, 860 ;«1885, 454). The blue o|^tained in this 
way suriiaBses in purity of shade that obtained 
wi& natural indigdran4 also 1^ the advantage 
that it can be rea^y employed in conjUkiotion 
with other steam colours, aiiiiarin. <bo. : t/M 
high price, hoWbver, has hitherto prevented its 
extended application. 

4. &y dyeing from a bath of indigo>di* 
■nlpUbnio acid (' sulphindigotio acid,* * indig^ 
oarminei’ or *in^o>extraot*). This methodic 
only employed for wool and silk, as the sulph- 
idiotic acid has no affinity for cotton. The 
colour obtained by this methdd, called ' Saxony 
blue,’ although much brighter than * vat^blue ’ 
is not neally so fast either to soap or J^ht. 

Thl determination of the con- 
Stttution of ind^o is mostly dfle to A. Baeyer 
1 and his pupils. The molecular formula 
0gH|^,0, T.»8 established by the va^ur density 
determinations Of Somn^uga. Isatm GgH^NO^ 
whiobtis^Utained from indigo by oxid^on, gives 
on treatment with reducing agents %oxindole 
n TT N O,, oxindole 0,HfN0, and finally indole 
OaH,N (Baeyer a. Knop, A, 140, l,295).sFrom this 
•Baeyer conduded at that time that iwdole was 
the parent substance of tUb dye-stuff, and repre- 
sented the latter by the formula 
Soomafterwar^i Strecker propose^or indigo the 
fonnnla 

Ee- 


thatdiozii&lg and oxindole were respectively 
tiieiniilr anhydrides oLo-amido-mand^ acid 
ai|d of o-amido-phenyl^etio acid, and hence 

vwe constituted thus: 

(JLin<toId),0JH4<^>60 {oxindole). In 1870 
Baeyer a. l^merling (B. 8, 517) assigned to 
indol# the formula 0;B4<^^0H[:1:2]. In the 

e yekr JBmmerlind^a. Engler (B. 8, 885 ; ef. 
), 1106, h4Si^) obtamed small quantities of 


same 
B. 9, 


dust and.soda-lii^, from ^ioH they concluded 
that it was an azo- compound, and represented 

it by the formula 

hydrazo^ 
Jr> 


In 1869 Ke- 

knl4 fR^48) liad assigned ^isatin and isatte 


kul6(B.9, 

acicltheformuto4^,H«^2>00 and 

thus explaining thete ready 

eottvmldfm intOiP*an3do-beMoio sali- 

mBe acid, and viewtwH spbse^tly cone 
flnaed by the investigatlonB of Baeyer a. Spida 


lenoin^g^ being the o . „ 

oompoond 

i’l878 Sommanga (A. 194, 107)* proposed ttie 

Q Q 

formal. •• 

Baumann m Tiemann suggested that indigo* 
might be a derivative of diphenyl : 

< 0 Oj~ "y 0 V 

>H,0,.C,H,<; ^OH; whilst in ifi^2 

HN/ 

Ljubavin (B. 15, 248, 728), regarding indigo as a 
substitution product of mdoline pro- 

X:O.HNv 

posed for it the formula : 6?^^*^** 

Baeyer’s syntheses of indigo in 1882 from 
indoxyl and diisatogen (B. 15, 54) led him to 
conclude that it had the oo:kktitut!on 

0;^0 O-7OV • 

0,H4<^|^CH.HC<^J^^0iH4, but his BWbse. 

quent researches (B. 16, 2200 ; 17, 976) caused 
him to modify this formula to 

W<N^O:C<^>C,H4,repreBentin|it a^ 

the indogenide of tl^-isatin or diindogen. The 
latter formula which if now tolerably well^ esta- 
blished is based m^^ke following coifSidera- 
tions; i. Indigo ^ntains an NH group, ii. 
The carbon atoms me arranged in a line 
0,H4.0.C.C.0.0 jH 4, as follows froifc-iiiirformatian 
from di-phenyl-diaoetylene. ij^. It can only be 
obtained from ebmpounds in which the carbon 
Ijbom directly united to the benzebs mioleua ia 
also united to 0, or j^pable of beconj^ so 
united. IV. Its formation ^d properties indi* 
cate a close relationship to the 8-mdogenide^ 

•thyl-flMti. 

to indirubine, which ^ proved to be the B-indo- 
genide of ^-isatin 

The twollattor bodies are formed ^ dS^ dm- 
densation of indoxyl with 

ethyl-4'-isatin 0^4<NEt^®^» 

to which reactions the ind- 

oxyl is probably fiAt ^mnSlormed into t)r-in8ozyl 

^ . .... 


< 5 . U, Sit, im)jmd of <5Wi»n ». 81i.a*^J OA^^OH, md into fJirtto 

.(a Si *80). At tho iuno tun. it wm proTsd*! ] 



onnsa 


OombinAikni iBan talui pliM 

Mween tha •wboa Alim ol iha fiidosgFl 

tha atom of thai^-iaatio, thA: 

C3<^g>OH. + PO<^A f 

ledigo is eon- 

seqnenilj tiie isomario o-mdogenida of ^-iaatin* 
ihon^ it oannot ba fonned from iaatiff and 
<g^g fo *Ba giaa^ tand|no:| tAaaction 

SubsHtuHon products. Indlgo-mono-snl- 
phonic aeid CjANA),(SOgH)l Phcmifiins^sul- 
pnwnc add. Fonned by allowing to stand for 
some time a mixture of indigo (Ipt.) with or- 
dinaxy snlphnrio acid (20pts.), and separates 
as a bine |Mwder V>n ponring the solgHion into 
water. It is easil^olnble in alcohol, and in 
Water free from acid, forming blim solutions. 
^ salts are sfBwingly soluble in water. In the 
dry state they are red, in solution blue.—A'Kaq : 
purple pp. (Crum, X 4, 189 ; Berzelius, 
Bars. /. 4, 190; 7, 262; t^as, A. 48, 840; 
JOaeffely, (?m. 6, 462). • # 

In^o-di-aulphonie aeid 0,^,NaO,(SO,H)^ 
SulphindigoHe add. Ooeruline-sulphuric add. 
In^ihsxtract. Prepared by heating ii^^igo with 
pts. of ordinary, or better wiUi 7-8 pts. of 
filming, sulphuric acid. Amorphous blue solid. 
V. sol. ^ater and alcohoL Completely removed 
from solution by wool or oharco^. The aqueous 
solution gives a oon^inuous absorption spectrum 
(Togel, B. 11, 1365). By oxidising agents it is 
ocmverted into isatin sulphonic acid, by reducing 
agents into lenoindigo-sulphonio acid. Its salts 
are mostly siArin^ sol. water. The sodium 
salt (A"l^) appears in commerce under the 
naPUbof indigo-carmins or solubU'inddgo and is 
used, far dyeing the so-called • Saxony-blue ’ 
upon silk and wool— A"K^ amorphous blue 
coppery powder; S. (at 16®) -•7.-~A''Ba: m. soL 
hot w^r (Crum, Bers. J. 4, 190 ; Berzelius, 
Bars. /. 7, 262 ; Dumas, A. 22, 72 ; Joss, Barg, 
d. 14, 316|. According to Berzelios {Om. 6, 
485) i^«|e IS fonned, togq^er with the di-sul- 
l^anio 1 ^, another aosi^tlijkso-called * indigo^ 
hmosutj^hmic add,’ whiA Upers from the di- 
aroonium salt being 

lldiCV-dUv^lla a«id C„H,.N,0, U 
^ wafining pitro-benzaldehyde-car 


Lly ttw ot Wf^afcnot ft. 

n. Soda-F^rik, G. p. 82,288|. BMomblSsiiidiBo. 
Sublii^es in vi^et-rSd tapbursfWwdensinrte 
J^°||w>PP5E7 osedles. 4) A not snli^onate ot 
a Waf^eadilyasordinw indi^(Qiiahm» 

TH-bromo^^ 0,^A,0, U* . 
0iH.Br<;;^)>0:0<^H]>0,HJBr. by 

adding broma-isatin chloride (from bromo^satin 
and PCI,) to an excess ^f an 8 p.o. solutiJh af 
m m ac^c acid (Baeyer, J5. 12, 1816). Also 
obtained sy boihlxg the acetyl derivative of tri- 
bromo -b ^:mido - acetophenone with" Na-CO, 
(Baeyer a. Bloem, B. 17, ^68).^olubleB phenol, 
from which if separating adding akohol in 
ksmall black needles. Nearly insol. alcohol, ether, 

1 acetic acid, ^ chloroform. Disfblves in oono. 
HjSO, wit^a green colour. • Sublinws in 


baiylio^aoid CA(CBOjSo/cp^[ 1 ^ 47 wrth 
M^piis and dilute NaOH. Also by reduction 
• phenyl • nsepiolic - carboxylic acid 
Q^^O*KOO|P). 4 fr^O,H with ^ucose and 
NaOA CoK^ry blue powder. Insol. water, 
ether, jMjd ^Isrdform. Dissolves in 
^4 with a ^Hp-blue colour, A alkali s with 

^ • subbmis m prismatic tables, 
'•Car mmroform Aid benzene, nearly fbsoL 
apt ether (L5w, B. 18, 950; A. 281, 

..IKiitU«nMiidi,o 0 „H,qLN/. Obtikiiwd by 
The sistlon of acetone imd'NsOH n^n ohloro-o- 
(Mttll^ dhrman Paisntt 
80,829 and 88,06^. • ^ 

nM.«uon.&Uap m. 


vapours, 't’orms a ‘ v,* ’ lj)ra indigo. The i 
sorption spectrum is the same as that of 
Di.nltr<todlg«C„H,fNOJ^,0.<.s. ‘ 

ca(no>(Sh>c=c< 2 S>oaW 

Formed by a^^g nitro-isatin chloride (from 
nitro-isatin and PCI,) to a solution oi HI in 
acetic acid. Dsik-red powder. Nearly insol. 
alcohoX ether, acetic acid, and chloroform; v. 
Bolept^flol ^fid boftiitrobenzene. The absorption 
spectrum is analogous to that ef indigo. Dls- 
solves in cone. H^SO, with a violet-blue colour 
(Baeyer, B. 12, 1316). , ^ 

Di^amido-indigo C,AN,0,(NHi), U * ** 

CA{NHJ<C0>C:0<^>0A(NHJ. 

Formed by reduction of the foregoing nitro- com * 
pound with ziuo-d®t and acetic acid. Dark-blue 
pp. Nearly insol. alcohol, ether, an^ ohloro- 
form ; v. ^ sol. acetic acid with a pure blue 
colour. Its absorption spditrumtis like that ol 
indigo. It dis8ot.'es in dilute acids with a blue 
colour. It forms a ‘ vat ’ like indigo. 

Di.benz^l.indigo C JI„N,0, i.sia ^ 
C«H,<[^^^C:C<^g^^C,H, |108®]i iPqjmed 
by heating^idigo with BzCl. Brown amorphous 
powder. Insol. water and acetic acid, si sol. 
alcohol, m#8oL ether (Schwartz, J. 1868w567), 
Dl-mefcyl-indigo C^Me^.O, is. • 

0,H,Me<^^2^C:C<^g^^C4H,Me. Formed by 

the action of acetone and NaOH upon o-nitro-to- 
luic aldehyde. Blue coppery powdeiw Bol. aloc^oL 
Bisembles ordmary indigo (Meister, Luaios 
Brilningl G. P. 21,688 ; E. P. W2, ipST 
v-Di-^yl-indigo 0„g„NA*<^ 

ducing the di-et^ derivative^ ^*isatitta-w»* 
oifan' C.H,<§^,>C(H01!t) vrtOdlwdUilie ^ 

monium sulphide, and thenjiasslYig a stream ,of 
CO, ^rough^ solut^ BlMtiltitdd neeolw ; 
vkipL alcoM^nniifig iMeep-mne solution, the 
Bpeetwm of which closely resembles that of iUh 
^ 0 . Less soluble in ether, acetone, OHbl„ 
ma aniline. It sublimes as a pui^ vi] 




iagis 
it fim 
i«a^ (BaeyttrH 
Di<^Vopropj] 

the action of 


\ms&k 

^liaii«olf«aitt yba4 
>4«na^loiu:» and on heat^ 

— yi^ ai£no4nit and alkaUi 
gl?8dtethyi4- 

_;>0ja^. i l^ormea by 
and NaOHJspon o^nitro 


m 


oumlnio aMchyde 0,H,Pr(N0il(iSfZ3:l] (Em- 
hom a. BicBif, R 17, 2019). AlTin smaU quan- 
tity from the dibromide of o-nitro-o^^myl-aorylia 
by heating 

wtth dilute NaOH and»then adding glucose 
(Widman, B. 19, 261). Blue crystals with cop- 
pery lustre. SoL alcohol, ohlorbfonn,%nd ether, 
insoL vra^. Shows the indigo speotredt. Sub- 
, limes in rM yapougs. jSSires a * vat.’ Dissolves 
dn cold ^c. BjSO^ vmlfta brown colour which 
on heating becomes green and fin{dly blue. 
Tetra-meth^.indigc.di-oarbsKyUo acid 

‘ OWK.fc(00^)<g^>0*<^>0^(OMe).(00^) 
Obtained by the action^f dilute aqu^us NaOH 
and acetone upon nitro-opianio aci^ Bluish 
green solid. _^1. phenol and wi^ne with a 
green ool<mr, inso^. dcohol, benzene, chloroform, 
and acetone. Dissolves in hot dilute NH, with 
a blue colour, the iblu^n showing the absorp- 



B[2604 wit^ a violet-blue colour. On heating it 
evdvea violet vapours and a smell of vanillin 
SIdil)(imann, B. 19t 852). 

diZZisd oompounds. 

* Icnoindigo 0„H„N,0 ,m. 

Indigo-white. Eormed by reduction of in- 
digo by nfbans of alkaline reducing agents such 
as FeSOf and J^e, g^iment and nIdH, glu- 
0 ^ and NaOHysodium hydros^phide? Ac. In- 
digo (j) kilo.) is allowed to standfor one or two 
d^ with i mixture of lime and FeSO« in a 
closed vesigr of ^00 litres’ oapaoityttf lied with 
water. clear liqnor^s then siphoned off into 
ano^ibr vessel, filled with GO,, and HQhis added. 
The ppd. leuoindigo is then ^ed in a stream of 
00,or H (Dumas, A. 48, 257; Ullgren, A. 186, 
,g^. GHlyiah.white silky solid. Sol. aSfcnhol and 
ether, i^Levater. Disserves in alkalis and be- 
ha«M like a w^ acid. By exposure to air it 
is quickly oxidised to indigo. By heating with 
unc-dust and aqueous Ba(OH), at 180® it yields 
indcd^M. On^Listilling with zinfidust it givu 
i0ii)aasi4icatokfBaeyer,B. 15,64 ;l ^ 
Iqucin fli^ s iHp hurie acid. Iti^*-whUe- 
mlplmrie acid, fhe potassium salt isjbtained 
by damp pressed lendfndigo (26 g.) dis- 


po^ewas regarded bv Baeyer km mwoww 
^ ‘indo?yl-sulphuiio%oid** bu4 aecor^ la 
^BAmann and Tiamann this is not the cm^ 
^ladican O^NO„(?). PilMt mdiean. 
Gmeoeide of imtigo or teuoindiao. Ocean in 
tilt Indi^oferat in leaUe m^oria (woad), Bdhh 
gomum tmet^rUm, BleHa fankaretUMs,CaU(mw 
veratrifolia, and other plants (Sohunck, /. 1886! 
669 ; 6858, 465 ; 0. N. 87, 288). Prepared 1^ 
extrao^ dried and powdered woad leaves with 
cold alcoho}. The exfract treated with a little 
water is evaporated at the ordinary temperature 
of the air, the aquqous reside shsAen with OuO, 
filtered, freed from copper oy H,S, filtered, and 
again evaporated in the cold. • ^he syrup is 
taken up with alcohol, precipitated trith twice 
its volumilLof ether, and the^ftltrate evaporated 
at the ordinary temperq^e. Light-browne' 
syrup. Slightly bitter taste. SoL water and. 
yalcohoL In Slooholio solution it^ves a yellow 
pp. with lead acetate. Boiled with EOH it 
evolves NH,. By lo^ boiling with water it is 
decomposed. It is Mimpbsdd by baryta water 
hi tlM cold^with formation of a syrupy body* 
c^We^indicanine C^HaNO,, (?). By heating' 
with dilute acids it is resolved into indigo and 
indigluein (a sugar). Simultaneously are formed 
indirubin^ C„H„N,0„ indvretin 0„H,jllO, 

! dark-brown resin, sol. alcohol), indifaVoin 
reddish-yeUow resin, insol. alkalis), inditwmin 
^oH»NO, (brown powder, insol. water and al- 
cohol, sol. alkalis), indifuedn CuH^NjO, (ana- 
logous to inhumin), acetic formic add. 
and CO, (Sohunck a. Romer, B. 12, 2811 ; 0. N. 
39, 119). When fresh indican solution is miAd 
^th strong acid and boil^, onjw indigo and 
indiglucin are obtained, bnl^ the indican seda- 
tion is previously boiled for a short ind i- 
rubin is also formed (Sohunck, 0. J, 86, 528)7 
The n^me * indican ’ has also been e tf o - 
neously given to indoxyl-sulphurio add wm^ 
is a normal constituent of the urine of ammak 
(Baumann a. Tiemann, B. 12, 1098; 

IndIrnJ.toO,.H„N.O.i«. 




from tftdigo, shaken with ether, and fr^ from 
pdqiliiim snlpl^te hg mixing with six times its . 
vdama of absm«te almbd fB*iwr, B, IIL 
1600 2 Bahmann a. Tiei&ann, B. 18, 411). ^ 

^ adioiLof air or Fed, it is oxidis^ to mlko. i 
Khi Iftotion of K salt is rcsolyed by dilntsi (Schui 
wMl' ibio l|Q^digo and H^O«. This oma^] k 12, 


^ ^ _____ w.™— w, is treated 

mth an acid, ^so together with kdigod^ the 
action of zinc-dust and acetic ■eio^poh isatioi 
chloride. « Obtained syiAheiioally by condettsa- 
tion of isatin add indoxyla— An indoxyl soln^ 
tion prepared by boiling lj>t. of indoxyUM^m 
in 100 pts. of water for a m^ttime islESsd 
into a solution of f pt. of fwBB^O OO ote. off 
boiling water. N a^CQ, te adda^ffraMS^it- 

ated indirubin i| filtered offwnddGked. Neemes.- 
Sol. alcohol, ether, benzene, and acetic acid 
ing pur^e soluticiis ; JnsoL wdMi. BSkiiia to 
subhzsn at 140®, coimensuM in fine iq^UOsla’ 
needles (Sehunck, 0. /. 87,ll7). (Him a^ ab* 
sorption spectrum which is different frA that d 
indi^Q. Forms vat.' Is more stable 
oxidising agen^ thao^digo. By lino-d"** 
amtio Mid it<^ rducd mi to lem ‘ 

' ,0, and fiimliy to^indileudla Om 
.J k, B. 1271 ^ ; d N. 89, 119;a 
457; 14, 1745 1 10*^; 9200). 





. The hr<mo*dmn<U^ hsm 

Indoxyl and bromisatiii^jresmluea ihdirahin. .V 
The di^bronuh darwatim 0 i^/Jb• 

tained in Ter^ small qnantity^gether \Hith 
bromoindigo by reduction of bfo^satin ohldr- 
ide Tirith Bl. Nee^is: goL alcohol and et^er 
( 9 a^M» B, 12. 181^. . 0 

^e dsncaKus 0 iaHa(N 0 a)^ 20 s is 

formed in small quantity together with giitro* 
indigo by reduction of nitroisatin ohlc^de with 
HI* Sol. alcohol wi& a^tod oobur.<‘ 
Bthyl-lndlrubia O^H^NjOj ««. 

of 

• [198®]. Prepared by adding a 
hot i^uedln solption of indoxyl to a hot aqueous 
solution of ethy^>t|^*i 8 atin mixed wth HGl; 
"cbrownisl^d needi<^of the product sepaCate at 
fUnoe (BMyer, B, 16, 2200). Coppery needles : 
■oL chloroform to a red solution, sol. alcohol 
and acetone. Biasolves in cone. flaSO. with a 
brown colour which becomes violet on heating 
with formation of & ^phoSo acid. It gives a 
lat’ with zino-dust and alkalis. ^ 

’ Indileuoin C,bH, 2 NjO t.e. ' ^ ^ 

, flA<°l?^>>C.C< 0 ®>NHor 

Obteined by 

reduction of indirubin with zino-dust and acetic 
acid ; the yield is 35 p.o. Colourless glistening 
needles ; sol. acetic acid, el. sol. alcohol, ether, 
benzene, and chwoform. Fe,01« gives an in- 
to^ yellowish-green colour. Nitrous acid 
ccIScnrs tibe acetic acid solution orange. Picrate 
G|«H,aN| 0 C,EL(N 03 )| 0 H; orange crystals. 
Methyl ether 03 „^ 3 (OMe): [192®]; large 
gljj^ninp- prisms; sol. alcohol and ether. 
Tnacetyl derivauve C„H^o^ 2 ^' ‘ J278®]; 
fla^ellow needles (Forrer, B, 17, 977). 
Xw-indileuoln OuH^NjOC' e. 

by^^judong a benzene solution of «-di-bromo> 
acet^imone C,H(.CO.jP^^ with strong a<me< 
one NH^ Yellow n.atOS. HSol. hot aiconol, 
pd cold* benzeiio. Weak base. It 
i colovSation on the addition 
I to *V^ JtljSO^ solution. By reduction 
in aleoholio 84^utfon with tin a^ HCl it yields 

CgBL^JOq 3 i(NO*,),OH aq : [160®] ; yeUoiP 

^ nfwec ^n^er a. HascMnkamp, B. 18ff2241). 

V Hfdro-isc-indilefiein G,«H, 4 !i; 7,0 t.e. 

• c', [160®] 


witmedeiDmMitioik.*' I 

tin and HOTon anMi ^ " 

fleucih,’ Hates* _ _ _ 

CHOI,, AoLBLSOiWithablitacoidox.^&iidiK 


atk* 


aloohoHoKimatl 00 ®- 1100 * if^tes. Sd.al^ 
and ether* colouration ^th at 

phenol (Bngl2rll|fia88enkamp, B. Ifllf3242)*. 

Indoin 0|^E[,^0,. Formed by adding FeS< 
to a solution of o-nitro-phenyl-propiolio acid j 
H^SOf, or bydhe action of the propicdic Slid g 
an fi,S 04 solution of imfoxyl. Also by action ( 
FeS 04 bone. ^SO. upon o-di-nitro*d 
phenyl-diftoetylede04H4(N0,).Cf0.CiC.04H4(N0 
or upoh tiM isomeric diiutogen a£ 

by treatment ^nf isatogoa^iAorong acid wit 
oono. H 2 SO 4 * Blue dystiflilm, resefobliM indij 
in many points, Dissolves in cold H^SOj with 
blue colour^ but is not readily sul^onatet 
Also dissclves to a blue solution in^ld 
or aqueous SO,. Gombineq with SO,, ^ves 
vat ’ (Baeyer, B. 14, 1742; 16. 62, 67. 212). 

Indoli»^,A4N,t.s. 

. [246® 

Formed by bleating leucindigo (indi^o-whib 
|1 pt.) with barium hydrate pts.), zino-dui 
]l^ pts.) and water (18^ pts.) for 24 hours 1 
180° (l^hutzenberger, J. 1877, 511) ; the produc 
is Cxtr^e^ Vith a^hol, the ^oohol evaporate< 
and uie r^idue heated with zAio-dust whtu. 
indohne sublimes. More readily .obtkin^ by 
reduction of flavindine dissolved in dilute 
with 8 p.o. sodium amalgam (Gimud, J. Ww, 
586). Long yellow needles by subumation. Sed* 
alcohol and ether with a blue fluorescence, insoL * 
water. Forms salts with acids. The piorat# 
Gi 4 H,^N, 04 H 3 (NO,$|iOH is si. sol. alcohol. 

Di-ohloro>indolineCtJ^,Gl,N,. Got by 
passing Cd into a CHGl, solution of ifldoline. 

Di-nnro-indoline 9„H,^0,),N,. Got 
by dissolving indfiline in warmniMoaoidL Oijd 


Qot 

Oiyi 

t^ises from alcohol in oranm-yellow crystals* 
Indoline-di-snlphonio acij^ ri 
G„H„(SO^),N, is formed by heatmg^doline 
with fuming 1^0, at *180®. Its b<%ui^ salt 
A^Na, is ciystallme. 4 ^ 

Othsr re/grCTicM.~Sommaruga, B. 11, 1086; 


40, 98. V. also Luxnr, Ibatio aow, OzomoMii, 
iHnOZTL, lunOZTXiZO AOXD, DnSATOOBN, IirDOOI]|- 
znzs, IimZNS, IsnOLS, NlTBO-PHSSTL-MtOSlpUO 
AS^Vt Dx-IflTB^Il>I.rHEinL-l>MGI^hliri, Itefte 
OSNIO 
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